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Abstract

Preschool enrollment has expanded rapidly in low-income countries, but improvements in qual-
ity have lagged behind. This paper evaluates a scalable model that engages parents to improve early
learning in contexts where both schools and homes are constrained. In collaboration with Ghana’s
Ministry of Education, we study the Lively Minds program in rural Ghana that trains mothers from
the community to deliver structured, play-based learning activities in public preschools. Using a
cluster randomized controlled trial, we find that the program increases children’s cognitive devel-
opment by 0.13 standard deviations and reduces problem behaviors, particularly among boys. The
reductions in problem behaviors are driven by children of participating mothers, consistent with sig-
nificant improvements in mothers’ knowledge of child development and increases in developmen-
tally supportive interactions at home. This pattern highlights the importance of engaging parents
rather than relying exclusively on classroom-based inputs delivered by teachers or paraprofession-
als. Notably, participation in the program has no adverse effects on mothers’ well-being, and we
show evidence that implementation quality and mothers’ participation have been sustained as the
program scaled to roughly one-third of rural districts nationwide in response to the findings of this
evaluation. Overall, the results highlight parents as an effective and underutilized resource in poor
rural settings for supporting early skill formation beyond the first 1,000 days and strengthening gov-
ernment capacity to deliver quality early childhood education.
JEL Codes: J13, I10, I20
Keywords: early childhood development, preschool quality, parenting, scalability.

*We are very grateful to Lively Minds NGO for their collaboration and support. We would like to acknowledge the con-
tributions of Peter Leighton at an early stage of this project and of Salifu Amadu, Mubarik Ahmed, and the Innovations of
Poverty Action team in Ghana during the data collection. We are grateful to Prof Elizabeth Spelke for sharing child assessment
tools that she developed. This research was funded by the Global Innovations Fund, the Jacobs Foundation and the ESRC. The
funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing up results. The
study protocol was approved by the Ghana Health Service Ethics Review Committee (ref: GHSERC012/07/17) and IRBs at
the Innovations for Poverty Action (ref: 14340) and the University College London (ref: 10167/001) in 2017. The trial was
registered on ISRCTN (ISRCTN21215509) and AEA RCT Registry (AEARCTR-0002777) in March 2018.

†Chr. Michelsen Institute; IFS
‡World Bank
§IFS; IZA; CESifo; HCEO
¶University of Manchester; IFS
∥Royal Holloway University of London; IFS; IZA

1



1 Introduction

Early childhood investments have very high private and social returns, and early skill deficits are difficult

and costly to remediate later in life (Heckman and Mosso, 2014; Currie and Almond, 2011; Heckman,

2012; Attanasio et al., 2022; Andrew et al., 2024). Yet governments in low- or lower-middle-income

countries (LLMIC) often lack the resources and administrative capacity to deliver high-quality early

childhood education at scale. Over the past two decades, enrollment in pre-primary education has in-

creased substantially in LLMIC: from 13% in 2000 to over 30% in 2018 (UNICEF, 2019b). In many

settings, however, such expansion has outpaced improvements in service quality: constrained budgets,

weak implementation systems, and limited teacher capacity mean that children can spend years in school

without mastering basic competencies (World Bank, 2018a). Therefore, scaling preschool access risks

generating enrollment without learning, as classrooms become overcrowded and teachers remain poorly

trained and under-resourced. At the same time, low levels of parental education and literacy mean that

the main caregivers of young children, typically mothers, are often limited in capacity to provide cog-

nitively rich inputs at home. Therefore, the main challenge for many LLMIC is how to improve early

learning when both schools and homes are severely constrained.

We study this question in the context of Ghana’s public preschool system. Ghana mandated two

years of publicly provided pre-primary education in 2008 and now has one of the highest preschool

enrollment rates in the region, serving close to 1.3 million children (Ministry of Education, Republic

of Ghana, 2025). Despite near-universal enrollment, significant quality challenges persist, particularly

in rural and high-poverty areas, including shortages of trained teachers, high teacher turnover and ab-

senteeism, large class sizes, weak pedagogical practices, and limited funding (The World Bank, 2024).

Many children also grow up in home environments that are not conducive to early learning, reflecting

low parental education and time constraints, limited cognitive stimulation, and widespread use of harsh

discipline (UNICEF, 2019a; Lim et al., 2023). In our baseline survey of 2,151 rural preschool-aged chil-

dren, only 13% of caregivers reported any adult–child play in the previous three days. These constraints

are reflected in low learning outcomes, with fewer than half of preschool-aged children developmentally

on track in literacy and numeracy, and only about half of Primary 4 pupils meeting minimum compe-

tency benchmarks in English and mathematics (Lim et al., 2023; National Council for Curriculum and

Assessment (NaCCA), 2023).

Against this background, we test a novel and scalable approach to improving children’s learning and
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development within this highly constrained setting being implemented by the Ghana Education Service

(GES).1 It is predicated on the idea that parents of young children are a key underutilized resource in the

provision of quality early childhood care and education (ECCE) in LLMICs, particularly in rural com-

munities, where needs are greatest. Accordingly, the Ghanaian Ministry of Education, working through

the GES, is implementing a program developed by the NGO Lively Minds that trains and embeds moth-

ers as regular volunteers within public preschools to deliver structured, play-based learning activities for

preschool-age children.

We study the impact of this approach through a cluster-randomized controlled trial conducted across

a sample of 80 preschools in two districts in of rural Northern Ghana, where the program was not yet

operational. Half of the preschools were randomly selected for treatment, while the other half served

as the control group and continued with standard preschool provision. In treatment preschools, the

GES, with support from Lively Minds, recruited and trained mothers from the communities served by

the preschools to deliver play-based learning activities during instructional hours. Interested mothers

completed an eight-day training course led by preschool teachers, after which they were assigned to

facilitate small-group play sessions (with activities such as counting, sorting, and puzzles) for up to two

hours per week over 30 weeks of the school year. In addition to classroom involvement, participating

mothers attended monthly parenting and well-being workshops run by the same preschool teachers.

Because the program is designed to change both what happens inside preschools and what par-

ticipating mothers do at home, we frame its impacts on children’s skills formation through two com-

plementary channels: the preschool environment and the home environment. In the preschool, the

program directly aims to improve the quality of the learning environment by introducing structured,

play-based activities delivered in small groups by trained community mothers. This represents a di-

rect investment in preschool-based early childhood education, which may improve cognitive skills

through increased instructional time, more individualized attention, and exposure to play-based cur-

ricula (Grantham-McGregor et al., 1991; Currie, 2001; Hirsh-Pasek et al., 2009; Cascio and Schanzen-

bach, 2013). Structured, adult-supervised play and routines may also reduce problem behaviors among

children by strengthening self-regulation, such as turn-taking and inhibitory control (Diamond and Lee,

2011; Healey and Healey, 2019). Beyond these direct classroom effects, a novel feature of this program

is that it uses mothers as the marginal input in preschools, so implementation itself becomes an invest-

1The Ghana Education Service (GES) is the implementing agency of the Ministry of Education responsible for the delivery
of public pre-primary, primary, and secondary education.
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ment in parenting human capital with potential spillovers to the home environment: mothers acquire

pedagogical knowledge and habits through training and repeated classroom practice, and can carry these

skills back into the household, where they directly shape parenting inputs and investments in the child.

This engagement may update maternal information and beliefs about returns to investment during early

childhood (Cunha et al., 2022; Dizon-Ross, 2019). Therefore, if parental participation increases cogni-

tively rich interactions and supportive parenting at home, children’s skills should also improve through

the home environment channel.

Our primary outcome of interest is children’s cognitive and socioemotional development. Cognitive

development is measured through direct one-to-one assessment by independent assessors and captures

foundational literacy and numeracy skills, as well as executive functions. Socioemotional development

is measured through direct assessment of emotional awareness as well as maternal report of problem

behaviors. Our design also allows us to estimate the impacts of the program on the knowledge and

practices of the participating mothers and the development of their children. To do so, identical mo-

bilization and sign-up processes for participating in the program were conducted in the treatment and

control communities. Comparing participating mothers and their children in the treatment preschools to

those who signed up to participate in the following year but had not yet received the intervention in the

control preschools allows us to isolate the causal effects of participation.

First, we find that early-childhood development (ECD) knowledge and skills of parents with minimal

education and prior engagement in child development can be significantly improved by this relatively

low-intensity program implemented within a highly constrained education system. In particular, we

find that participating mothers’ knowledge of child development increases by nearly half of a standard

deviation (SD) and their knowledge of preschool quality by nearly a third of a SD; they also report

substantially more engagement in play and learning activities with their child at home, and enumerator

observations of mother-child play indicate a 0.26 SD increase in positive parenting behaviors. These

effects are distinct from the broader effects of the program on parents in the community. While there is

also some indication of improvement in ECD-related knowledge among non-participating mothers, this

group primarily updates beliefs on easily observable aspects of preschool quality, not broader knowledge

about child development. Non-participating mothers also do not increase the quality or quantity of

engagement with their child and even show some evidence of reduced investments in play materials at

home, perhaps perceiving these as less critical in light of improvements in quality at preschools.
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Second, we find that following the training, engaging mothers in running small-group play-schemes

during instructional hours in public preschools leads to economically meaningful gains in cognitive

skills of the children enrolled in these preschools at baseline. Overall, there is a 0.13 SD increase

in the aggregate cognitive development index, with improvements concentrated in emergent numeracy

and executive function domains. The gains are broad-based across gender and are robust to alternative

score construction that reduces measurement error. These average gains mask important distributional

patterns: the program raises the probability that children score above the 25th, 50th, and 75th percentiles

of the control-group cognitive distribution, with little movement at the extreme tails.

The program also reduced behavioral difficulties among children. There is a marginally significant

reduction of nearly 10% of a SD overall, which is within the range of average effects of 0.1-0.15 reported

in meta-analysis of effects of preschool interventions on socioemotional skills (Holla et al., 2021). This

effect is driven by a reduction specifically in externalizing behaviors (disruptive hyperactive behaviors)

among those with a high problem load. It is concentrated among boys, who, in line with findings in the

wider literature, are also more likely to exhibit externalizing behaviors. These impacts align well with

the program’s emphasis on structured, adult-supervised small-group activities and routines shown in the

literature to be an effective approach to reducing externalizing behavioral difficulties.

Third, we find evidence that mobilizing parents as the program implementers generates additional

benefits for the children of participating mothers, beyond the effects of improving classroom activities

alone. Comparing children exposed to the play schemes whose mothers did not participate with children

exposed to the same play schemes whose mothers did participate, we find that cognitive gains are similar

across the two groups, but socioemotional improvements are concentrated among children whose moth-

ers participated. We also find suggestive, though statistically imprecise, evidence of positive spillovers

on the development of younger siblings of children whose mothers participate in the program.

The program is relatively low-cost at $37 per child (in implementation-year USD), as it relies on

mothers volunteering their time and existing school infrastructure and staff rather than additional salaried

staff or material inputs. This translates to roughly 1.6 equivalent years of schooling per $100 spent

(Evans and Yuan, 2019). However, reliance on the existing workforce and volunteering mothers to de-

liver the program raises concerns about potential hidden costs. Participating mothers are predominantly

illiterate women living in poor rural areas who tend to be disempowered and marginalized (see, for in-

stance, Malapit and Quisumbing (2015)). Like many rural women in low-income settings, they face
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substantial demands on their time from income-generating activities, farm work, and domestic responsi-

bilities (Dinkelman and Ngai, 2022), making additional time demands potentially costly. Such reliance

on low-status, poorly paid, overstretched female frontline workers and mothers is a common feature

of ECD programs. In fact, there is a growing concern that the global push to expand early childhood

provision may have unintended adverse consequences on the welfare of these already vulnerable groups

(Ballard et al., 2023; Sullivan et al., 2024).

Our analysis offers encouraging evidence that this is not a concern with this program. We find no

adverse effects of the program on the mental health and self-esteem of the participating mothers. This

is consistent with the program’s modest time demands on the participating mothers, only 1-2 hours per

week, and emphasizing their well-being in the parenting workshops.

In sum, our findings show that a government-led model that mobilizes mothers as a low-cost input

into public preschools can raise early human capital in settings where both school and home inputs are

severely constrained. The program leads to gains in children’s cognitive development, while further

improvements in socioemotional outcomes are concentrated among children whose mothers participate

in running the program, consistent with observed program-induced improvements in the ECD knowledge

and practices of these mothers. These meaningful gains are achieved at relatively low cost and with no

detectable reductions in the psychosocial well-being of participating mothers.

Related literature. We contribute to three strands of literature. First and foremost, we add to a nascent

evidence base on scalable, cost-effective government-led approaches to improving early childhood edu-

cation. While Ghana is a trailblazer, having been the first to provide universal access to public preschool

in the region nearly 20 years ago, the challenges it faces with ensuring adequate quality are far from

unique. We have seen these problems on a mass scale during the expansion of primary schooling (World

Bank, 2018b) and are starting to see them at the preschool level as more countries join Ghana in expand-

ing preschool provision (Blimpo et al., 2022; Bouguen et al., 2018). In all likelihood, as this continues, a

growing number of countries will face the same challenges and require viable approaches to addressing

them. The need for evidence on such approaches is all the more pressing as shrinking donor funding,

rising debt, and growing student numbers are resulting in significant contractions of per-pupil education

budgets across Sub-Saharan Africa, including Ghana (World Bank and UNESCO, 2024).

Existing evidence suggests that there are some promising approaches, but it is dominated by pro-

grams operated by nongovernmental organizations (e.g., see Dean and Jayachandran (2019); Martinez
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et al. (2017)). Two very recent studies suggest that teaching assistant (TA) models can be an effective

approach to improving the quality of government early childhood education provision, though accom-

panied by adequate training for the teachers to ensure that the TAs are deployed appropriately in the

classroom (Ganimian et al., 2024; Andrew et al., 2024). In line with these studies, we also find that

bringing additional support into the classroom can be an effective way of improving children’s out-

comes in government preschools. However, we provide evidence on the potential for parents, rather

than additional salaried staff, to provide this support in a way that is not detrimental to the welfare of

the participating parents. In terms of magnitudes, our 0.13 SD gain on an aggregate cognitive index is

comparable to the ITT effect reported in recent TA intervention (Ganimian et al., 2024), which finds a

0.11 SD gain on a composite learning measure in household assessments. Our effects are also similar in

magnitude to the estimated impacts from extensive-margin expansions in preschool access (Bassi et al.,

2025, 0.16 SD gain on a skills index). The latter benchmark is informative because it suggests that,

in low-capacity systems, relatively low-cost quality improvements within existing preschools (e.g., the

Lively Minds program) can generate learning gains comparable to those achieved by large-scale expan-

sions in preschool access.

Importantly, relative to this emerging evidence on what can work in government preschools, we

also speak to another central question: whether such models can be sustained when shifted to routine

delivery at scale. While our study offers results on a promising model, as is increasingly highlighted

in the literature, scaling promising programs is fraught with challenges. There is a significant risk of

“voltage drop” in effectiveness for a variety of reasons, including, among others, lack of suitably skilled

workforce, weak incentives for maintaining quality in delivery, and the possibility that administrative

and coordination constraints generate dis-economies rather than economies of scale (List et al., 2021).

This risk is particularly salient in the delivery of ECD programs because of the critical importance that

maintaining quality of delivery plays and evidence of loss of effectiveness of promising programs at

scale (Andrew et al., 2018; Britto et al., 2018).

We contribute to this emerging scale-up literature by using rich administrative and monitoring data

from the government roll-out of the Lively Minds program, which took place after the RCT that we study

in this paper, allowing us to document mothers’ participation, compliance, and delivery quality at scale.

We are able to provide some encouraging, suggestive evidence that these risks can be mitigated in the

implementation of this program.
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This is because the Government of Ghana judged the early results from our study sufficiently promis-

ing to scale the program to 64 rural districts, reaching thousands of preschools and children by 2024.

To mitigate key scaling risks, the government worked closely with Lively Minds NGO to strengthen

quality assurance systems within the GES, reduce the NGO’s role in day-to-day implementation, and in-

crease non-financial incentives for teachers and participating mothers. Implementation data from 2,543

preschools across 46 districts between 2022 and 2024 indicate strong take-up and retention of partic-

ipating mothers (on average 95% completed training and 86% remained active after two years), high

compliance with core program components, and lower delivery costs at scale ($17.4 per child in 2025

USD, equivalent to just over $14 in 2018, which is less than half the RCT cost). Benchmarking these

costs and impacts following the methodology in Angrist et al. (2025) suggests the program delivers just

under one learning-adjusted year of schooling per $100 spent—placing it in the top half of the range

of cost-effective education interventions documented in Angrist et al. (2025).2 The program continues

to expand, and key elements have been incorporated into national preschool reforms under the ongoing

Ghana Accountability for Learning Outcomes Project (The World Bank, 2024).

Finally, by focusing on parents, our study contributes to the literature on parenting interventions.

There is a large literature showing that parenting programs can be effective at improving parenting and

child development for very young children (in the first 1,000 days) (Jeong et al., 2021; Carneiro et al.,

2024). However, these programs tend to involve much more intensive training of the implementing

workforce as well as parents themselves than the Lively-Minds model. Moreover, low-educated parents

in settings such as ours may struggle more to support the development of early learning skills among

preschool-age children than the development of children earlier on. Attempts to engage parents in the

development of preschool-age children in poor, low-education settings have so far yielded mixed results.

For example, (Angrist et al., 2025) evaluates an NGO-led program providing one-to-one training to

parents of preschool-age children in a low-education setting but finds no impacts on parental knowledge

or behavior. In comparison, (Özler et al., 2018) offers more encouraging evidence on a group-based

parenting program for parents of preschool-age children. Our study adds to this evidence, demonstrating

not only the feasibility of improving ECD knowledge and practices among parents of preschool-age

children in poor, rural, low-education settings, but also doing so in a government-led way within the

existing public education infrastructure.

2This is without accounting for additional socioemotional gains for children of participating mothers.
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Structure. The paper is organized as follows: Section 2 describes the Ghanaian context and the Lively

Minds program in detail. Section 3 outlines the experimental design, sampling, data, and empirical

strategy. Section 4 presents the main results. Section 5 provides evidence on the program’s opportunity

costs. Section 6 assesses cost-effectiveness and documents the ongoing scale-up across 46 districts in

Ghana. Section 7 concludes. All tables and figures are provided at the end.

2 Setting and intervention

2.1 Ghana Education System

Ghana introduced two years of publicly provided pre-primary education in 2008 and now has one of the

highest preschool enrollment rates in West Africa, serving close to 1.3 million children nationwide (Min-

istry of Education, Republic of Ghana, 2025). Despite near-universal access, quality remains uneven,

particularly in rural and high-poverty areas, where schools face persistent challenges including shortages

of trained teachers, high turnover and absenteeism, large class sizes, and limited instructional resources

(The World Bank, 2024). At the same time, many children grow up in home environments that provide

limited cognitive stimulation, reflecting low parental education, time constraints, and widespread use of

harsh discipline (UNICEF, 2019a; Lim et al., 2023). These constraints are reflected in weak early learn-

ing outcomes: fewer than half of preschool-aged children are developmentally on track in literacy and

numeracy, and only about half of Primary 4 pupils meet minimum competency benchmarks in English

and mathematics (Lim et al., 2023; National Council for Curriculum and Assessment (NaCCA), 2023).

The Government of Ghana has pursued a series of policy reforms aimed at strengthening early

childhood education. For example, the Early Childhood Education Policy Framework published in

2021 provides a systematic, government-led structure for planning, curriculum implementation, teacher

preparation, and quality assurance in KG services (?). Nevertheless, there remains a need for scal-

able, evidence-based interventions that can operationalize these policy frameworks. To date, much of

the available evidence on effective ECD programs in contexts comparable to Ghana has come from

small-scale initiatives implemented by non-governmental organizations outside of routine government

systems.

Implementation of basic education in Ghana is administratively decentralized. While national policy

and curriculum are set by the Ministry of Education and national agencies, day-to-day management

and delivery of preschool services are largely the responsibility of district Ghana Education Service
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(GES) offices. District directorates oversee teacher deployment, supervision, and school monitoring;

organize in-service training; and are responsible for ensuring compliance with national guidelines. As a

result, interventions to improve the quality of public preschools need to engage closely with the capacity,

incentives, and implementation practices of district-level GES teams.

2.2 The Lively Minds Program

Against this backdrop, we evaluate the Lively Minds program, which is explicitly designed to strengthen

the capacity of public preschools within Ghana’s existing education system. Rather than operating as

a parallel NGO-led model, the program is implemented through district GES structures, working with

district teams, preschool teachers, and local communities to improve the quality of play-based learning

in routine public preschool provision.

Program description. The Lively Minds program, developed by the Lively Minds NGO, seeks to im-

prove the quality of public pre-school instruction by mobilizing and training women in the community to

run weekly, play-based learning activities in classrooms alongside teachers. We refer to these women as

“participating mothers” (PMs) since they tend to be mothers of preschool-age children. During each Play

Scheme session, five mothers each facilitate a simple indoor “play station” (covering matching/sorting,

numeracy, sizes/colours/senses, books, and building) using discovery-based activities in small groups of

no more than five children. Preschool teachers supervise the sessions, while additional children partici-

pate in structured outdoor play led by another mother. The intended intensity is one indoor session per

child per week, with outdoor play two to three times per week. In exchange for their time, participating

mothers are offered monthly parenting and well-being workshops delivered by the preschool teachers.

Implementation model. The program is embedded within the Ghana Education Service (GES) and

implemented at the district level. District GES teams are first oriented to the program, after which

two teachers from each public preschool in the district receive a five-day training course on play-based

pedagogy, classroom organization, and how to train participating mothers. Teachers then mobilize and

train 30–40 mothers from the communities served by their preschools. This training consists of eight

days of participatory workshops adapted for low-literacy participants. Following the training, PMs are

divided into four groups, and each group is given a different day on which they teach at the KG for one

hour (with extra time for preparation and debrief). During sessions run by the PMs in the preschools,
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25 children are arranged in small groups (maximum of 5) and rotate around the following 5 indoor play

stations: matching/sorting; numeracy; sizes, colors, senses; books; building. One PM runs each play

station, and they teach using discovery-based teaching methods, rather than rote learning, which is the

norm in formal education settings in Ghana. The remaining KG children play outdoor games, led by

PMs. The KG teachers supervise the sessions.

In exchange for their time running the Play Schemes and to reinforce new behaviors, PMs are offered

monthly parenting workshops by the preschool teachers following a curriculum developed by Lively

Minds NGO on various topics related to child development and their own well-being.3

GES officials monitor the Play Schemes as part of their normal supervisory functions, and Lively

Minds NGO conducts some additional unannounced monitoring visits. GES officials and Lively Minds

NGO staff have monthly meetings to track the progress of the Play Schemes and identify corrective

measures. There are monthly “top-up” training workshops for preschool Teachers where they discuss

problems, share successes, and are trained to provide the PMs with a monthly Parenting Workshop.

Innovation. The Lively Minds model introduces a classroom experience that is markedly different

from business-as-usual in rural Ghanaian pre-schools by combining small-group instruction, simple

educational games, and classroom organization around rotating play stations. The program’s design

explicitly addresses common barriers to parental engagement: training is deliberately simple, highly

practical, and demonstration-based (e.g., through role play), avoiding complex parenting curricula. A

central aim is to build mothers’ confidence in their ability to support children’s learning despite limited

formal education. The time burden is kept intentionally low—each participating mother volunteers for

about one hour per week, rotating across four groups on different days; participation is encouraged

through free monthly parenting and well-being workshops rather than financial payments. Finally, both

the training and play curriculum were developed with and in rural communities of Northern Ghana and

refined through nearly a decade of prior implementation, ensuring that they are context-appropriate and

feasible in predominantly rural settings where women often have flexible farm-based work schedules.

3Topics include nutrition, hygiene, child rights, play, communication, malaria prevention, financial awareness, self-esteem,
and inclusive education.
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3 Study Design, Data, and Empirical Strategy

3.1 Experimental Design, Timeline and Sample

In order to evaluate the Lively Minds program, we conducted an RCT between 2017 and 2019. The

randomization was conducted at the school level: 80 schools in 2 districts of Northern Ghana were

randomized into two equally sized control and treatment groups. The selected districts had not yet

introduced the Lively Minds program in their preschools. As described in the previous section, the

business-as-usual implementation approach for this program is to implement it in all preschools once

the district enrolls in the program. In order to ensure adequate power, implementation in the RCT

districts was restricted to the schools randomly selected for treatment.

The RCT districts, Bongo and Tolon, are located in the Upper East and Northern regions, respec-

tively. At the time of this study, these were among the most deprived areas of Ghana, with very high

rates of poverty —50.4% in the Northern Region and 44.4% in the Upper East, compared to a national

poverty rate of 16.5% — and some of the slowest long-run progress in poverty reduction since the early

1990s (Cooke et al., 2016). Consistent with these patterns, household survey evidence shows low levels

of education, especially among women, in northern Ghana, with a high share of women reporting no

formal schooling and low literacy (Ghana Statistical Service and UNICEF, 2018). Despite bordering

each other, the two study regions differ along several dimensions, including language, religion, culture,

and school quality, providing an opportunity to test the program in a heterogeneous set of communities

that reflect the diversity of rural Ghana.

The randomization was conducted using two levels of stratification - circuit and school size.4 The

final sample includes 38 schools in the Bongo District, and 42 Schools in the Tolon District. Among

the 40 schools allocated to the treatment group, 21 schools were located in Tolon and 19 schools in

Bongo. The population of interest is children starting pre-school in the academic year 2017/18. In order

to ensure that baseline data collection was completed before the start of intervention activities, sampling

and baseline activities had to start before the beginning of the school year in July 2017. This meant

that it was not possible to use school enrollment lists to identify the population of interest and do the

sampling. We therefore conducted a census of households located in the vicinity of the sampled schools

to identify those with children due to start pre-school. The households closest were enumerated first,

4A circuit is a geographical cluster of around 10 schools that falls under one supervisor from the Ghana Education Service
(GES.
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gradually moving to those further away to reach 150 households.5 Of the 12,000 households listed in

this way, a total of 4,486 eligible households were identified. We then drew a random sample of 2,407

children (approximately 30 per school) for the study.

Baseline data was collected over the course of three months between September and November

2017. The baseline survey included direct assessment of all of the children in the sample by trained

interviewers, interviews with the primary caregiver of each of these children, the main KG teacher in

each of the 80 KGs, as well as members of the community leadership team from the main community

that each school served. Details of the baseline instruments can be found in (Amadu et al., 2018).

Endline data collection took place between September and November 2018, at the beginning of

the next school year (2018/19) and following a two-month break in the Play Schemes and parenting

workshops over the summer school holidays. Endline was completed before the program was rolled

out to control schools in November 2018. We aimed to re-interview all of the children and primary

caregivers in the baseline sample, including those who had moved to a different community since the

baseline. We were able to collect complete endline data for 2,151 of the 2,407 children in our baseline

sample, yielding an attrition rate of 11%, which is uncorrelated with treatment status (see Appendix

Tables A1 and A2.)

Tables A3 and A4 present key baseline characteristics of non-attritors by treatment status. Table A3

does this for primary caregivers, while Table A4 for target children. The sample is well-balanced across

key household, caregiver and child characteristics.

3.2 Ethics

We received ethical clearance for the project from the Ghana Health Service Ethics Review Committee

(ref: GHSERC012/07/17), Innovations for Poverty Action (ref: 14340), and University College London

IRB (ref: 10167/001).

3.3 Implementation and Compliance

All intervention activities took place between September 2017 and July 2018. Initial mobilization and

introduction of district-level GES officials to the program took place in September 2017. The district

team then implemented training of pre-school teachers in treatment schools. The teachers conducted

5See Amadu et al. (2018) for further details.
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recruitment and training of participating mothers (PMs) in October 2017. A distinguishing feature of

the Lively Minds program is its reliance on parents rather than teaching assistants, making it important

to assess effects on both children and participating mothers. Because participation was voluntary, we

constructed a comparable control group by replicating mobilization activities in control communities. In

treatment areas, women were invited to participate in the current academic year, while in control areas,

they were invited to sign up for the following year, when the program would be rolled out.6

Our main study sample includes 437 children whose mothers either ran the play-schemes in the

treatment schools (253) or signed up to participate in the following year in the control group (184).7

The key assumption for identification of program impacts on PMs through comparison of the women

who signed up to participate in the treatment and control schools is that selection into participation is

the same in treatment and control preschools, even though in the latter sign-up was for a later start. We

view this assumption as plausible for three reasons. First, the mobilization and sign-up activities were

conducted by the same team in both treatment and control communities using an identical process, with

the only difference being the timing of program rollout. Second, because children spend two years in

pre-school and our sample consists of children entering their first year of KG, mothers in both treatment

and control communities had a similar opportunity to participate while their own child was enrolled.

Third, and most importantly, we verify that PMs in treatment and potential PMs in control are well

balanced on baseline characteristics: Appendix Tables A5 and A6 show no systematic differences across

a wide range of household, caregiver, and child characteristics within this PM sample. We therefore treat

this sub-sample as a credible comparison group for estimating impacts on PMs.

Play Schemes started to run in treatment schools in November 2017 and continued during term time

until the end of the school year in July 2018. The Play Schemes were designed to run 4 times per week in

each school during school term with different children and mothers attending each session. Each child

would participate in indoor games at least once per week and in outdoor play 2 or 3 times per week.

Over the course of the academic year, the Play Schemes ran over three terms: first term 1st of November

2017 - 10th of December 2017 (6 weeks), second term 15th of January 2018 - 15th of April 2018 (13

6Our sample consists of children entering their first year of kindergarten (KG), which lasts two years in Ghana, so mothers
in control communities still had an incentive to sign up even with a one-year delay.

7A total of 1,480 women signed up to participate in running the Lively Minds Play Schemes in the 40 treatment schools.
The great majority of these women were mothers of KG-age children. Some were mothers of the children we sampled for
the evaluation. To identify them, we matched the names of all primary caregivers in our sample to GES’s lists of women
participating in the Lively Minds program. A total of 253 mothers of children in our sample in the treatment group were
matched. We then compared lists of mothers who signed up to participate in the following year in the control communities;
184 matched mothers of children in our sample were in the control group.
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weeks) and, the last 14th of May 2018 - 24th of July 2018 (11 weeks). At full implementation, the Play

Schemes would have operated for 30 weeks in total, providing each child with approximately 30 hours

of participation over the academic year.

Implementation data collected by supervisors from the GES and Lively Minds NGO teams during

random visits to preschools in the treatment group suggest that compliance was high. The Play Schemes

were found to be running in 80% of all monitoring visits. The main reasons for the Play Scheme not

running at a particular visit were bad weather, community funerals, other school/community event or low

attendance of PMs, the latter being the most frequent reason recorded by the monitoring team. Using

this as a proxy of the actual proportion of Play Schemes that were running suggests that children were

exposed to an average of 23-25 hours of Play Schemes during the school year. On most monitoring

visits, there were 2 teachers present, an average of 8 PMs, and 24 children. In most cases mats were

organized as expected, and in more than half of the cases, the practice of discovery-based teaching was

observed. In addition, each school received an average of between 4 and 5 monitoring visits at the

monthly parent workshops organised by the preschool teachers as part of the program over the course

of the academic year. In 88% of the visits, the workshop was taking place. In most cases, both teachers

were present with an average attendance of 30 mothers per session.

Teacher data collected as part of the endline survey provides additional evidence on compliance.

Table 1 shows that teachers in treatment preschools were almost five times more likely than control

teachers to agree with the statement that parents actively contribute to preschool activities (Column 1),

38 percentage points more likely to report having received active parental support during the academic

year (Column 2), and 29 percentage points more likely to report that toys, games, or other equipment

were accessible to children during free play on a typical preschool day (Column 3).

3.4 Outcomes

We pre-specified child development in the cognitive and socioemotional domains as the primary outcome

(see AEA RCT registry no. AEARCTR-0002777).

3.4.1 Child development

At both baseline and endline we administered the International Development and Early Learning Assess-

ment (IDELA) to measure cognitive and socio-emotional development, alongside selected items from
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the Strengths and Difficulties Questionnaire (SDQ) to capture behavioral difficulties (Goodman, 1997).

The IDELA was administered directly to child by trained interviewers and covers emergent literacy,

emergent numeracy, executive functioning (EF), and emotional awareness. The SDQ was administered

to the child’s primary caregiver to elicit reports of behavioural difficulties (Hoosen et al., 2018). At end-

line, we supplemented these measures with a set of child tasks developed at the psychology Laboratory

of Development Studies at Harvard and piloted in Ghana (Coffey and Spelke, 2024). These tasks were

added to increase the discriminatory power of our measures while mapping onto the same core domains

captured by the IDELA and, like the IDELA, were administered directly to children by trained enumera-

tors. The scores used in the main analysis are constructed following developer-prescribed scoring rules.

Baseline scores of these measures are standardized to have mean=0 and standard deviation=1. Endline

scores are standardized relative to the control group distribution. Appendix B provides further details

about the assessments, construction of scores for the main analysis and robustness to alternative ways of

scoring.

To study potential intra-household spillovers, we pre-specified developmental outcomes of the tar-

get child’s siblings as secondary outcomes and collected child development data for one older and one

younger sibling of each target child, where applicable. Younger siblings’ development was captured us-

ing the Caregiver-Reported Early Development Index (CREDI) short form, a caregiver-report instrument

designed for population-level measurement of early development from birth to age three in low-resource

settings; scores were constructed following the developers’ age-standardization guidance and then stan-

dardized relative to the control group (McCoy et al., 2017). Older siblings completed direct, one-to-one

assessments consisting of a curriculum-aligned literacy and numeracy test developed for the Ghanaian

context within the Ministry of Education, complemented by selected tasks from the battery developed

by Harvard Laboratory of Development Studies and used with the target child. See Amadu et al. (2020)

for further details.

3.4.2 ECD Knowledge, Practices and the Home Environment

The aim of Lively Minds is to improve child development through improving ECD care and education

skills of parents and engaging them more actively in supporting the development of young children

in their communities. Our pre-specified set of secondary outcomes, therefore, includes a rich set of

measures capturing different dimensions of ECD knowledge and practices among parents of children in
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the sample collected through interviews of the primary caregivers of the children in our sample. First,

knowledge about ECD is assessed using a short subset of the Knowledge of Infant Development In-

ventory (KIDI), a widely used instrument that elicits caregivers’ beliefs about children’s developmental

capabilities and appropriate expectations (MacPhee, 1981). Second, we measure caregivers’ under-

standing of pre-school quality using a contextually tailored tool in which parents were shown illustrated

vignette pairs depicting contrasting classroom practices and asked to select the option more conducive

to child development.

We capture ECD practices by combining caregiver reports with direct observation. Our first mea-

sure of ECD practices was collected through observing how mothers interacted with their own children

during structured play tasks and coding a range of supportive and less supportive instructional behav-

iors, drawing on items from the UNICEF Multiple Indicator Cluster Surveys (MICS) (Bornstein et al.,

2010). We also capture ECD behavior through measuring material and time inputs into the child using

the Family Care Indicators (FCI), which records the availability of play and learning materials in the

home and recent play and learning activities with the child (Hamadani et al., 2010).

Because there is no developer-prescribed scoring rule for the full set of these measures, we con-

struct our main indices of parental knowledge and behavior using Item Response Theory (IRT), while

also reporting raw-score results in the appendix (as per the pre-analysis plan). See Appendix B for

further information about these measures, how they were scored, and robustness to alternative scoring

approaches.

3.5 Empirical strategy

The experimental design allows us to study the causal impact of being eligible for the Lively Minds

program (intent-to-treat effect – ITT). In other words, we compare outcomes of children who were

reported during the pre-baseline census as planning to attend one of the “treatment” pre-schools to those

reported as planning to attend one of the “control” pre-schools. In line with the pre-analysis plan, we

condition the outcomes at endline on a set of observable variables (including the outcome at baseline)

in order to improve the precision of our estimates. Formally, we estimate the ITT effect of the Lively

Minds program on the outcomes of interest by estimating the following regression:

Yis,1 = α + βTreats,0 + σYis,0 + γXis,0 + θS tratas + δDistricts + ϵis,1 (3.1)
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where Yis,1 is the outcome of interest for child i intending to go to pre-school s measured at endline;

Treats,0 is a dummy equal to 1 if the pre-school s received the Lively Minds program; Yis,0 is the same

outcome measured at baseline8; as pre-specified Xis,0 is a set of child, household, community and school

characteristics measured at baseline that were imbalanced across the treatment and control group sam-

ples at endline; S tratas is a fixed effect for the randomization strata of school s; Districts is an indicator

for whether the school is located in Bongo or Tolon district; finally ϵis,1 is the random error term, clus-

tered at the school level (our unit of randomization).

We estimate equation (3.1) by OLS so that β is the estimated average ITT impact of Lively Minds

on outcome Yis,1. Given the number of outcomes examined across cognitive subdomains, socioemo-

tional subdomains, and parental inputs, we account for multiple inference using Romano-Wolf step-

down adjusted p-values within pre-specified outcome families (Romano and Wolf, 2005). We report the

unadjusted p-values in all of the tables and the adjusted p-values wherever they are relevant.

4 Results

4.1 Knowledge and practices of parents

The approach developed by Lively Minds is that it mobilizes low-educated, often illiterate, mothers as

classroom facilitators. The key assumption underlying this model is that it is possible to train the mothers

for this role through a short (8-day) group-based training course led by preschool teachers, supplemented

by a monthly parenting workshop.

We, therefore, start by showing estimates of impacts of the Lively Minds program on (i) mothers’

ECD knowledge, (ii) investments in child development at home, and (iii) quality of interaction with

children. See Section 3 for details on how these are measured. As discussed in Section 3, we use outcome

measures constructed using IRT in our estimates and present estimates using raw scores in Appendix A.

We present impacts separately for mothers who directly participate in the program and those who do not,

but whose children were registered as planning to go to a participating preschool during the baseline.

We present impacts on this latter group to capture any indirect impacts of the program on mothers in the

community. Differences in impacts and p-values for tests of statistical significance on these differences

are shown at the bottom of the table.
8There are some outcomes for which there is no exact corresponding baseline measure. In these cases we add controls that

are likely to constitute good proxies for a direct baseline measure of the outcome.
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ECD Knowledge. Table 2, Panel A shows clear improvements in knowledge about child development

and preschool quality among PMs as a result of the program. There are large and statistically significant

treatment effects on both of these domains: knowledge about child development increases by just under

half of a SD (column 1, p = 0.016), and knowledge about what makes a good pre-school by close to a

third (column 2, p = 0.062).9

As discussed in Section 2, the approach developed by Lively Minds differs markedly from business-

as-usual methods in Ghanaian public preschool by including small-group play, an emphasis on simple

educational games with props, and classroom organization designed to support children’s learning. It

is thus plausible that even parents who are not directly participating in the program update their beliefs

about child development and preschool quality. We see some evidence of this in Panel B of Table

2. While, in comparison to the PMs, we observe no effect on knowledge of non-PMs about child

development (column 1, p = 0.884), there is a statistically significant increase of 0.17 SD (column 2, p =

0.026) in knowledge about preschool quality among non-PMs. This effect size for non-PMs is around

half of that for PMs, though the difference in the effects is not statistically significant (column 2, Panel C,

p = 0.359). These patterns are consistent with differences in exposure to program content by PM status.

Non-PMs update beliefs that map to more easily observable changes in what happens at preschools as a

result of the program, while PMs additionally benefit from training on child development.10

ECD practices. Better knowledge about ECD is important because it can lead to changes in parents’

behavior that are beneficial for child development (Cunha et al., 2022; Carneiro et al., 2024). We now

examine the impacts of Lively Minds on these behaviors. While the training, parenting workshops, and

experience running the Play Schemes may have influenced the ECD practices of participating mothers,

their low levels of education and the relatively light-touch nature of the intervention make impacts less

certain.

Results in columns 5-6 of Panel A in Table 2 point to a significant improvement in the quality of

PMs’ engagement with children. This was measured through enumerators’ observations of the quality

of PMs’ interactions with their own children (see Section 3 for details on this measure). We see a large

9Note that these estimates use IRT-constructed outcomes; the corresponding specifications using mean-of-raw score indices
show very similar effects (Table A7).

10In addition to an overall improvement in their knowledge of child development, which is not there for the non-PMs, we
also see improvements in knowledge about preschool quality on more dimensions among PMs than non-PMs (Table A8): non-
PMs update primarily on knowledge about play-based learning (perhaps the most easily observed feature of Lively Minds),
while PMs show broader updating, with improvements in knowledge about both play-based learning and what good school
building should be like.
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and significant increase of 0.26 SD in positive behaviors (supportive, responsive, and developmentally

appropriate), which goes from being highly statistically significant to marginally significant once we

adjust for multiple hypothesis testing (column 5, Panel A, p = 0.116). As shown in Appendix Table

B22, once we relax the assumption of full measurement invariance in the construction of the IRT scores

for this parenting measure, the effect size increases to 0.33 (p = 0.007).

Results in columns 3-4 of Panel A in Table 2 show further evidence of improvements in ECD prac-

tices of PMs. There is a significant increase in the frequency of play and engagement in other devel-

opmentally supportive activities with children of PMs by adults in the households of the PMs. Among

the potential PMs in the control group, only 36% reported that anyone in the households had conducted

any play activities with the sampled child in the last 3 days. Among PMs in the treatment group, this

proportion increases by 50% (18 p.p.) (column 4, Panel A, p = 0.012). Effects are concentrated on the

time rather than the material investment margin: there is no evidence of any change in investment in

play materials for the children (column 3, Panel A, p = 0.766).

The large and significant increase in play activities without an accompanying increase in material

investments aligns well with the adoption of low-cost, routine-based ways of engaging children that

were emphasized through the training and parenting workshops; PMs may have implemented what they

learned on embedding learning opportunities into everyday household chores. Disaggregating the results

by specific play activities in Table A9, we see increases in reading to the child, telling them stories,

playing, and drawing with them. We do not see impacts on singing, going out, or playing with objects.

In light of evidence of changes in PM parenting behavior as well as impacts on non-PMs beliefs

about pre-school quality, it is possible that the Lively Minds program also had indirect impacts on the

parenting of non-PMs. Column 3-6 in Panel B of Table 2 shows some suggestive evidence of this,

though in a way that is very different from the PMs. Specifically, there is no impact on the time spent

with children of non-PMs or the quality of engagement with children, in contrast to the large positive

effects among PMs; the differences between treatment effects on these outcomes for PMs and non-PMs

are statistically significant (columns 4-5, Panel C). There is, however, some evidence of a reduction in

investment in play materials at home (column 3), which we do not see for the PMs. Among non-PMs,

investment in play materials at home decreased by close to a fifth of a standard deviation (p = 0.088).

Furthermore, this reduction is driven by negative impacts of the program on several items, including

household objects used as toys, books, and toys for learning shapes (Table A9). The combination of
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the effects on non-PMs suggests that they were aware of improvements that happened in the preschools

because of Lively Minds and responded by reducing investments at home. It is plausible that non-PM

households viewed the preschool program as a substitute for home inputs, reducing investments in play

materials because they perceived that children’s developmental needs were being met at school.

4.2 Child development

Cognitive skills. In line with evidence of the success of Lively Minds in training mothers to strengthen

their ECD knowledge and practices, along with high compliance in the delivery of Play Schemes in the

classrooms by the trained mothers, reported in Section 3, we find that the program produced econom-

ically meaningful gains in children’s cognitive development. Table 3 shows an ITT treatment effect of

0.13 standard deviations (SD; column 1, p = 0.022) on the aggregate measure of cognitive develop-

ment, which combines emergent numeracy, emergent literacy, and executive functions. Disaggregating

by subdomain, the gains are concentrated in emergent numeracy (column 3, p = 0.040) and executive

functions (column 4, p = 0.034).

The first row of Table 4 further shows that the program was not equally effective at all points in the

cognitive skill distribution. It significantly increased the probability of getting a score above the 25th,

50th, and 75th percentile of the control group distribution, with effects getting bigger at higher levels

of skills, but had no impacts at the tails—on the probability of getting a score above the 10th or the

90th percentile. There is some indication that the distributional pattern of treatment effects is different

from this for the executive functioning domain: intervention was most effective at increasing executive

functions among those at the lower end of the executive functions distribution.

The program, however, was equally effective at improving the cognitive skills of boys and girls

(column 1, Table 5). Estimated treatment effects are similar in magnitude for boys (‘boy’ row, p = 0.036)

and girls (‘girl’ row, p = 0.028), and we cannot reject equality of effects across genders (‘difference’

row, p = 0.767). It was also equally effective for children of PMs and non-PMs (Table 6). This result

suggests that the benefits of the program on children’s cognitive skills are driven by changes that take

place in the pre-schools as the result of the program - likely the introduction of the Play-Schemes - rather

than any changes in the home learning environment of the children of PMs.

Socioemotional development. Table 7 reports effects of the Lively Minds program on children’s so-

cioemotional development. A positive coefficient in column 1 would indicate an improvement in emo-
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tional awareness, and negative coefficients in columns 2–4 would imply a reduction in behavioral diffi-

culties.

We find little evidence of program impact on emotional awareness (column 1, p = 0.560) and

across the emotional awareness score distribution (see Table 4). This finding holds equally for boys and

girls (see Table 5, column 2). There is, however, some evidence that the program reduces children’s

behavioral difficulties. Column 2 in Table 7 shows an effect of -0.098 SD, although the estimate falls

just short of conventional significance levels (column 2, p = 0.102). Distributional analysis of the

treatment effects suggests that the program significantly improves problem behavior among children

with above-average problem load at the 75th and 90th percentiles of the outcome distribution (Table 4).

The reduction in behavioral difficulties appears to be driven by a reduction in externalizing behaviors

(column 3, 0.11 SD reduction, p = 0.116), with significant impacts at the top half of the externalizing

problems distribution (Table 4). These reductions are consistent with the program’s emphasis on struc-

tured, adult-supervised small-group play, which promotes rule-following and turn-taking. This is in

line with evidence that play-based activities can strengthen children’s self-regulation skills (Diamond

and Lee, 2011; Healey and Healey, 2019), and with a broader literature showing that weaknesses in

self-regulation are closely linked to externalizing difficulties such as hyperactivity and inattention (Sher-

Censor et al., 2016; Coelho et al., 2023).

Analysis of treatment effects on boys and girls separately shows that the reductions in problem

behaviors are concentrated among boys; Lively Minds reduces problem behaviors among boys by just

over a fifth of a standard deviation (Table 5, Panel B, column 3, p = 0.004). This is consistent with

broader evidence that boys tend to exhibit higher levels of externalizing problem behaviors than girls

in early childhood—in our control group, on average, girls’ problem behaviors score is 0.11 SD lower

than boys’—and that the effect of Lively Minds is concentrated at the higher end of the problem score

distribution (Keenan and Shaw, 1997).

In contrast to the findings for cognitive development, results in Table 8 suggest that improvements

in problem behaviors are concentrated among children of PMs. Impacts among this group are large and

significantly different from the small and statistically insignificant impacts on problem behaviors among

children of non-PMs. Column 2 shows that among children of PMs, the program reduced behavioral

difficulties by a third of a SD (column 2, Panel A, p = 0.005). This is a sizeable effect; much larger

than the average effect of 0.1-0.15 SD reported in meta-analysis of preschool interventions (Holla et al.,
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2021). This effect is driven by a similar size, significant reductions in both internalizing and externalizing

behaviors.

This finding suggests that the program’s benefits for children’s socioemotional development are

likely driven by improvements in the home environment and caregiving practices among PMs, stemming

from gains in their ECD knowledge and behaviors. The absence of effects for children of non-PMs

implies that changes occurring in preschools as a result of the program, while beneficial for cognitive

outcomes, are insufficient on their own to improve children’s socioemotional development in the absence

of complementary improvements in the home environment.

4.3 Robustness

Selection of controls. Our main specifications follow our pre-specified approach to selection of con-

trols, as described in Section 3. As a robustness check, we also estimate impacts on the cognitive

aggregate score as well as the emotional awareness and behavioral difficulties scores, selecting controls

using the post-double selection LASSO method (Belloni et al., 2014). The treatment effect estimates,

shown in Table A10, are similar in magnitude and significance to the main estimates reported above.

Measurement error. We re-estimate the main specifications using cognitive scores constructed with

Item Response Theory (IRT) to assess the sensitivity of our results to measurement error in the assess-

ment scores. As discussed in Section 3 and Appendix B, IRT explicitly models measurement error and

allows items to differ in difficulty and discrimination, rather than imposing equal weights across all items

as in simple averages. Table A11 shows that the estimated treatment effects on the aggregate cognitive

score, as well as on emergent numeracy and executive function, are very similar in magnitude and sta-

tistical significance to our main estimates using raw scores. Correcting for measurement error using IRT

leads to a somewhat larger estimated effect on emergent literacy (from 0.049 to 0.075 SD, p = 0.096)

and increases the significance of the treatment effect on externalizing behaviors. Table A12 shows the

effects on the socioemotional outcomes.

Measurement invariance. A concern in interpreting treatment effects is that the intervention may

affect how some assessment items function rather than the underlying skills themselves, which could

bias comparisons between treated and control groups. We therefore test for measurement invariance for

all latent constructs using standard multi-group factor models. We begin with a configural model that
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allows all parameters to vary by group, and then sequentially test metric, scalar, and strict invariance by

imposing equality restrictions on factor loadings, item intercepts, and residual variances, respectively,

comparing model fit at each step. In practice, full scalar or strict invariance rarely holds in applied early-

childhood settings, so we allow for partial invariance, freeing a small number of parameters where score

tests indicate the largest violations while keeping the remaining items constrained to anchor the scale.

Across our main constructs (cognitive skills, socioemotional skills, parental knowledge, and parenting

behaviors), we find that while full invariance is often rejected, models with partial metric or partial

scalar invariance fit the data as well as fully unconstrained models. For constructs where only partial

invariance holds, we verify that our results are robust to using factor scores derived from the partially

invariant model. As shown in Appendix Table B22, most estimated impacts are nearly identical or larger

and more statistically significant than the main results, which use a simple average of raw item scores

for measures of child development and IRT scores constructed assuming full measurement invariance.

See Appendix B for a more in-depth discussion and analysis of this issue.

5 Opportunity costs and household spillovers

A common feature of early childhood and related social programs in low-resource LMIC settings is

reliance on low-paid (or unpaid), often marginalised women as frontline implementers. A prominent ex-

ample is the community health worker (CHW) model: in many settings, CHW cadres are predominantly

female and are tasked with delivering a broad portfolio of services, often with limited compensation and

high workload, raising concerns about exploitation and burnout (Jain et al., 2022; Astale et al., 2023;

Ballard et al., 2023). In India, for instance, the all-female ASHA workforce has been widely debated

in relation to incentive-based pay, stress, and excessive workload (Shrivastava et al., 2023; Dhaliwal

et al., 2025). Pakistan’s Lady Health Worker program provides another example of a large female cadre

responsible for multiple maternal and child health tasks in underserved communities (Jalal, 2011). The

Lively Minds program similarly depends on unpaid, low-educated mothers who already shoulder sub-

stantial domestic and care responsibilities. While such models can be cost-effective, a key welfare and

scalability question is whether they impose hidden costs on participating women or their families. In

spite of the critical role that such women play in the success of the ongoing global effort to improve

early childhood provision, there is little evidence on how participation in the delivery of ECD programs

affects them (Ballard et al., 2023; Sullivan et al., 2024).
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In standard economic models of time allocation, volunteering is not “free”: any additional program-

related time must be accommodated through reductions in paid work, leisure, or other household activ-

ities (Becker, 1965; Gronau, 1977). This concern is particularly salient in low-income settings where

women already face high unpaid care burdens and may be “time poor” (Bardasi and Wodon, 2010;

Dinkelman and Ngai, 2022). If participation in the Lively Minds program meaningfully tightened these

constraints, we would expect this to be reflected in mothers’ psychosocial well-being.

Time requirements and psychosocial costs. In practice, the program’s direct time requirement was

modest—typically around 1–2 hours per week at the preschool—and predictable, making it easier to

absorb through small adjustments in daily routines rather than major changes in labor supply. Moreover,

many women’s economic activities in this rural setting are informal, seasonal, and flexible, which likely

reduced the likelihood of large crowd-out effects.

Consistent with this, we find no evidence that the program adversely affected participating mothers’

mental health or self-esteem (Table 9).11 A plausible interpretation is that the limited time commitment

did not materially increase net time pressure. In addition, any incremental burden may have been offset

by potential psychosocial benefits from volunteering, social interaction, and a greater sense of purpose or

community engagement—channels that have been linked to better well-being in other contexts (Piliavin

and Siegl, 2007; Hussam et al., 2022). Lively Minds program training and monthly parenting workshops

also explicitly emphasized maternal well-being, which may have further mitigated potential stress.12

Spillovers on siblings. We next examine whether the program generated spillovers within the house-

hold. This is in line with evidence that parent-focused interventions often generate broader familial

impacts (Carneiro et al., 2023). Spillovers could be positive if (i) target children transmit what they

learned at preschool to siblings, or (ii) participating mothers apply new knowledge and practices to

all children in the household. Conversely, spillovers could be negative if mothers reallocated attention

toward the target child at the expense of siblings.

To examine these possibilities, we estimate impacts on one younger and one older sibling of each

target child (see Section 3) and report them in Table 10. The sample includes 749 younger and 1,083

older siblings. We find no evidence of program impacts on older siblings. For younger siblings, we

11See Section 3 for details on how these are measured.
12In fact, there is some suggestive evidence that the program may have had positive impacts on the mental health and

self-esteem of participating mothers (PMs) in analyses that draw on an augmented booster sample of PMs.
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observe a positive and economically meaningful impact, but the effect is imprecisely estimated (column

6, p = 0.244) due to the small sample (155 siblings). Overall, the results offer no evidence of indirect

spillovers from children’s participation, but improvements in parenting among PMs may benefit younger

siblings. Importantly, we find no evidence of adverse effects on any children in the household.

6 Cost-effectiveness, scalability, and sustainability

Our results suggest that the Lively Minds program offers a promising approach to improving preschool

learning environments in highly resource-constrained, poor, and rural settings in LLMICs. They demon-

strate that it is feasible to train marginalized mothers with little or no formal education to support the

delivery of structured, play-based learning in public preschools, without evidence of harm to their psy-

chosocial well-being. Importantly. engaging mothers rather than, for example, paraprofessionals has

the advantage of also generating additional benefits for the development of their own children. More

broadly, the findings suggest that effective ECD inputs can be embedded within low-quality, low-

capacity public education systems rather than relying on parallel delivery structures.

Whether this model is a viable policy option, however, depends not only on its effectiveness but also

on its cost-effectiveness and scalability—questions we focus on in this section.

6.1 Cost effectiveness of implementation for the RCT

Implementation of the program during the RCT was relatively low-cost, as can be seen in Panel A of

Table 11. Total program costs were $225,917 in 2025 USD values, which corresponds to $47 per child

in 2025 USD values (N = 4, 800), equivalent to $37 per child in implementation-year dollars.13 The

cost structure during implementation for the RCT reflects a model in which most resources are devoted

to staffing and field logistics rather than expensive classroom inputs.

To benchmark cost-effectiveness, we translate the impacts on cognitive skills into equivalent years of

schooling (EYOS) following the approach set out in Evans and Yuan (2019) and using their estimate of

a 1 SD gain in learning corresponding to 4.4 EYOS. Applying this conversion to our aggregate cognitive

13The largest cost component of the RCT was program administration and staff (e.g., salaries, fringe, and honorari-
ums: $129,533.86; 57% of total), followed by transportation and per diems (e.g., vehicle rental, fuel, meals, lodging, etc.:
$45,006.27; 20% of total), and office costs (e.g., rent, utilities, office supplies, etc.: $29,297.44; 13% of total). Direct im-
plementation and materials (e.g., program supplies, intervention materials, and translation: $11,045.03), targeting/visibility
(e.g., recruiting expenses, promotions, and items for promotions: $5,787.88), and training (e.g., staff and parents training:
$5,246.14) were comparatively small shares of the budget (about 10% of the total).
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effect (0.13 SD) implies an EYOS gain of 0.572 years per child. Using our program’s implementation-

year cost of $37 per child, this corresponds to 1.55 EYOS per $100 spent: that is, roughly 1.6 additional

years of business-as-usual schooling per $100 of program expenditure.

Importantly, the RCT delivery model was necessarily more costly on a per-child basis than routine

implementation. Lively Minds program is typically implemented at the district level, with fixed costs

spread over a “saturated” set of all preschools in the district. For the trial, the program had to instead

be randomised within districts at the preschool level, incurring many of the usual district-level fixed

costs while reaching less than half of the preschools that they would reach in routine implementation.

Moreover, preliminary evidence based on cost and implementation data from the ongoing scale-up of

the program suggests significant scope for leveraging economies of scale to reduce costs as coverage

expands. We now turn to this scale-up phase.

6.2 Scalability and sustainability

As is increasingly highlighted in the literature scaling even the most promising programs is fraught

with challenges. There is a significant risk of "voltage drop" in effectiveness for a variety of reasons,

including, among others, lack of suitably skilled workforce, weak incentives for maintaining quality

in delivery, and the possibility of encountering diseconomies of scale (List et al., 2021). This risk is

particularly salient in the delivery of ECD programs because of the critical importance of maintaining

implementation quality, and growing evidence on effective pilots losing impact when taken to scale

(Andrew et al., 2018; Britto et al., 2018).

These concerns raise several challenges for the sustainability of the impacts we document from the

Lively Minds program at scale. First, while the program is embedded in existing government infras-

tructure, the implementation model evaluated in the RCT relied on substantial input from Lively Minds

NGO to support setup and monitor implementation. A sustainable model would therefore require the

government to build this capacity internally. Second, the program relies on a volunteer-based model. Its

scalability depends on whether high levels of parental interest and commitment can be sustained across

a broader set of rural communities, and whether turnover among participating mothers can be effectively

managed. Third, given the context of a shrinking education budget in Ghana (World Bank and UN-

ESCO, 2024) and per-pupil expenditure at the KG level of around $90 in 2025, an important question is

whether further cost reductions can be achieved through economies of scale.14

14The per pupil expenditure is calculated based on figures provided in Ministry of Education, Republic of Ghana (2025),
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Our study is unusual in that we can go beyond speculation about these scalability concerns. The

findings from this evaluation motivated the Government of Ghana to expand the coverage of the Lively

Minds program to 64 high-need rural districts in Northern Ghana, reaching 532,413 children — over

40% of all children enrolled in public preschools in Ghana — through a gradual scale-up between 2021

and 2024.

We draw on information about the adjustments made to the implementation model for scaling, as

well as cost, implementation, and fidelity data from this scale-up, to shed light on the key sustainability

and scalability issues outlined above.

6.2.1 Implementation adjustments

The main adaptations made to further embed the program within the Ghanaian education system and en-

able delivery at scale included: (1) strengthening quality assurance systems within the GES; (2) reducing

the role of Lively Minds NGO in set-up and monitoring; and (3) increasing non-financial incentives for

pre-school teachers and participating parents.

Quality assurance systems: A central GES program management unit was established to provide

oversight to all districts implementing the program. The program management unit holds regular qual-

ity assurance calls with a focal person from each district, conducts supervisory visits and helps solve

challenges. Districts are expected to meet termly performance targets.

Integration of program monitoring tools and procedures with GES monitoring systems: As part

of the scale-up, the program’s monitoring arrangements were fully embedded within routine GES su-

pervisory processes. Play Scheme monitoring is now carried out by GES circuit supervisors using an

electronic supervision form that has been integrated into the standard set of tools used during regular

school visits. In addition, district teams were trained to meet twice per term to review supervision data,

identify implementation risks, and agree on corrective actions.

Training facilitation. In the implementation model evaluated in the RCT, training of PMs was led

by pre-school teachers but supervised primarily by Lively Minds staff. Under scale-up, supervision is

shifted to district GES teams and high-performing KG teachers from districts already implementing the

program, with a smaller supporting role for Lively Minds (e.g., one staff member per district team).

Monthly top-up trainings are replaced with twice-per-term workshops run by district teams and peer

trainers for pre-school teachers and headteachers.

which reports the KG budget for 2025 to be GHS 1,272,097,816 and total enrollment in public KGs of 1,233,676 pupils.
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Incentives for implementers: To strengthen the scale-up model, GES introduced several new non-

financial incentive mechanisms for frontline implementers. This included official certification for par-

ticipating mothers who complete the training, which is salient given that many have no formal quali-

fications. In addition, teachers who meet termly performance targets become eligible for professional

development points administered by the National Training Council. Finally, high-performing teach-

ers are recognized through being offered the opportunity to train to become peer facilitators to support

training-of-trainers in new districts and to deliver refresher sessions.

Following these adjustments, involvement of the Lively Minds program in implementation shifted

primarily to providing capacity-building support to the district teams administering the program. Specif-

ically, they are offered a package of support for two years after the adoption of the program, which

includes coaching, termly capacity building workshops, and advice on solving challenges.

6.2.2 Compliance and fidelity at scale

We draw on monitoring data from GES for the first two years of implementation in 46 out of the 64

districts included in the scale-up, covering 2,543 preschools across eight regions over five preschool

terms between 2022 and 2024 (the exact period varies by district depending on when rollout began).15

This data allows us to assess whether parental interest and commitment to the program, as well as overall

program compliance, were sustained at scale.

Parental engagement. The set-up phase for the PMs began in 2022, when mothers were recruited

and trained through the Parenting Workshops (PW) to run the Play Scheme (PS) sessions. In 2023–24,

another round of recruitment and training took place, and many PMs from 2022 had the opportunity to

re-enroll.

Across the scale-up, the program appears to attract and retain a large pool of PMs, which is summa-

rized in Table 12. A total of 96,339 women signed up to participate across the 2,543 preschools (average

of 37.9 mothers per preschool). Of these, 91,761 completed the training (average of 36.1 mothers per

preschool) completed the set-up training, corresponding to a very high training completion rate of 95%.

Importantly, participation also appears durable. Two years after initial enrollment, preschools report

that an average of 30.9 existing PMs re-enrolled, implying a mean re-enrollment rate of 86%. While

15Each academic year in Ghana has three terms. We do not yet observe comparable data for the 18 districts where imple-
mentation started after 2023.
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there is meaningful variation across schools, the overall picture is one of persistent engagement over a

multi-year horizon. Taken together, the sign-up, training completion, and re-enrollment figures suggest

that, even with reduced reliance on Lively Minds NGO and delivery through government systems at

scale, it remains feasible to mobilize and retain a large pool of participating mothers—an essential

condition for sustaining the intensity of classroom support needed for the program to continue generating

impacts at scale.

Compliance. We next examine whether the strong parental engagement translated into consistent im-

plementation of PW and PS. Using unannounced GES monitoring visits data during the scale-up, Panel

A of Figure 1 documents whether PS and PW sessions were running at the time of the visit. For PS, GES

officials classified a session as running if more than five PMs were present and at least one teacher was

present. For PW, a workshop was classified as successfully running if more than 75% of the expected

PMs were present. The results suggest high and stable implementation coverage overall. PS sessions

were running in a large majority of observed visits across terms, with an early level in the mid-to-high

90% range, a small dip around Term 4, and a recovery by Terms 5–6. PW sessions start below PS in

Term 2, rise by Term 3, remain high through Term 4, and then fluctuate modestly while staying close to

PS in later terms.

For comparison, RCT monitoring visits typically recorded 2 teachers present and an average of 8

PMs during PS sessions. In addition, each school received on average 4-5 monitoring visits during the

monthly PWs over the academic year. In 88% of these visits, the workshop was taking place; in most

cases, both teachers were present, and average attendance was 30 mothers per workshop.

Fidelity. Panel B of Figure 1 focuses on whether established quality thresholds were met in PS ses-

sions, conditional on sessions being observed as running. Among those sessions, GES officials rated a

very high share of both PS and PW sessions as satisfactory across all terms. Satisfactory quality for both

components appears to be around the 90%+ range throughout, rising slightly and peaking around term

4 before tapering modestly thereafter. The close tracking of PS and PW quality over time suggests that

when schools and PMs were able to run sessions, implementation quality was consistently strong. Over-

all, these patterns provide reassuring evidence that the scale-up maintained not only session continuity

but also a good standard of delivery for both play-based classroom activities and parenting engagement.
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6.3 Costs at scale

Building on suggestive evidence from GES monitoring data of sustained parental engagement, high

compliance, and strong implementation fidelity, we next examine how the implementation adjustments

described earlier, such as greater reliance on GES systems, reduced NGO involvement, and expansion to

all preschools within participating districts, as well as overall scale-up of operations, impacted program

costs.

Panel B, Table 11 shows that total scale-up expenditures were around $9.26 million (in 2025 USD

values) covering 532,413 children. This implies an average cost per child of $17.4 in 2025 USD. This is

nearly 3 times less than the per-child cost of implementation during the RCT ( $47 in 2025 dollars). The

reduction is driven primarily by large declines in per-child “fixed” and overhead-type costs. Program

administration and staff fell from $26.99 per child in the RCT to $9.15 at scale, and office costs fell

sharply from $6.10 to $0.64 per child. Transportation and per diems also declined materially on a per-

child basis, from $9.38 to $5.85. Smaller per-child reductions occur in implementation and materials

($2.30 to $1.74). Two categories that were non-trivial in the RCT effectively disappear in the scale-up

budget: targeting/visibility ($1.21 to $0) and training ($1.09 to roughly $0 per child). Overall, while the

composition of spending remains broadly similar, with administration/staff and transport remaining the

two largest categories by share, the sharp drop in cost per child is consistent with economies of scale

and the dilution of central administration and overheads across a much larger beneficiary base.

To benchmark these costs against other education investments, we follow Angrist et al. (2025) and

report cost-effectiveness in learning-adjusted years of schooling (LAYS), which is a standardized “learn-

ing per dollar” metric designed to make education interventions comparable across countries and imple-

mentation contexts. This benchmark complements the raw cost-per-child comparisons by placing this

program on a common cross-intervention cost-effectiveness scale. These calculations are made on the

assumption that, given the high level of compliance and fidelity suggested by GES monitoring data, we

can expect RCT impacts on cognitive development of 0.13 SD to be sustained.

Following Angrist et al. (2025), we compute micro-LAYS as (β/δh) × t, where β is our cognitive

impact in SD units, δh is the benchmark annual learning rate in a high-performing system (0.8 SD/year),

and t is the duration over which impacts are assumed to persist (we set t = 1). LAYS per $100 is then

computed as LAYS gained per child divided by per-child cost, multiplied by 100. Using β = 0.13 SD

and a per-child scale-up cost of $17.4, we obtain LAYS = (0.13/0.8) × 1 = 0.1625, which implies
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(0.1625/17.4) × 100 = 0.93 LAYS per $100. Thus, the program delivers close to 1 learning-adjusted

year of schooling per $100 of program spending during scale-up. This places the program in the top

half of the “cost-effective” (positive-impact) interventions reported in Angrist et al. (2025), which is

comparable to the Teaching at the Right Level (TaRL) program under government implementation in

India.

Overall, the evidence on parental engagement, compliance, fidelity, and costs at scale is encouraging,

suggesting that the core elements of the Lively Minds model have been preserved under government-

led delivery thus far. Nevertheless, scale-up is still ongoing, and it remains to be seen whether these

positive implementation patterns will be sustained as the program continues to expand and become

more established across additional districts and cohorts. Equally important, the current roll-out has

benefited from a two-year package of technical and capacity-building support from Lively Minds NGO;

it is therefore an open question whether similarly high levels of participation, fidelity, and cost efficiency

can be maintained once this support is fully withdrawn and responsibility for training, supervision, and

quality assurance rests entirely with routine GES systems. Continued monitoring will be critical to

assess the durability of these gains over the longer run.

7 Conclusion

Many LLMICs have expanded access to pre-primary schooling in recent years, but face financial and ad-

ministrative constraints in improving what children actually learn in these settings. Returns to investing

early are well established: skill formation is dynamic, early investments raise the productivity of later

investments, and early deficits are costly to remediate, implying potentially high returns to improving

the quality of early learning environments (Heckman, 2012; Gertler et al., 2014). Yet the binding pol-

icy question is not whether to expand access, but how to improve the quality of existing preschools at

scale in systems where teachers are overstretched, learning materials are scarce, education budgets are

shrinking, and many caregivers have limited education themselves.

This paper studies a government-led approach to this problem in rural Ghana. In partnership with

Ghana’s Ministry of Education and the NGO Lively Minds, we evaluate a program using a cluster-RCT

that recruits mothers from the local community, trains them using simple, scripted materials that do not

require literacy, and embeds them as regular volunteers in public preschools to deliver structured, play-

based learning activities in small groups. An important innovation is that the program uses mothers,
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rather than hired paraprofessionals or teachers, as the marginal classroom input, so that implementation

itself can build parenting human capital and potentially improve the home environment concurrently.

We observe economically meaningful gains in children’s cognitive development. The program in-

creases an aggregate cognitive index by 0.13 SD, with impacts concentrated in emergent numeracy and

executive function. Socioemotional impacts, however, are more selective: reductions in behavioral diffi-

culties are concentrated among boys only. We also find that cognitive gains accrue broadly to all children

exposed to improved classroom activities, suggesting that low-educated mothers can effectively augment

teacher capacity when provided with structured training. On the other hand, reductions in behavioral dif-

ficulties are driven entirely by children of participating mothers, consistent with large improvements in

mothers’ knowledge of child development, greater engagement in play activities at home, and increases

in observed positive parenting behaviors. This implies that engaging mothers as active contributors,

rather than relying exclusively on classroom-based inputs, generates complementary benefits through

the home environment channel, particularly for socioemotional outcomes. Importantly, we find no ad-

verse effects on mothers’ mental health or self-esteem, addressing concerns about the hidden costs of

volunteer-based models in settings where women already face substantial care burdens.

Finally, we provide novel evidence on scalability. Post-trial, the Government of Ghana expanded the

model across 46 rural districts. While the scale-up data do not include child outcomes, administrative

records from 2,543 kindergartens show high volunteer training completion and re-enrollment of mothers,

and unannounced monitoring visits from the government indicate that both parenting workshops and

play scheme sessions are typically running and are rated satisfactory when observed. The program costs

fell sharply at scale to roughly $17.4 per child (compared to $37 during the trial) due to substantial

economies of scale and learning.

Two features of the Lively Minds program help rationalize why this model performs well under

severe implementation constraints. First, the “production technology” is intentionally simple relative

to standard parenting programs: it does not require literacy, relies on repeatable activity scripts, and

is delivered to groups of children rather than through intensive one-to-one coaching at home. Second,

and more unusually, the main play-activity input is provided by low-educated, often illiterate mothers

from the community. Given limited prior evidence on whether parents with very low schooling in poor

rural LLMIC settings can effectively support children’s learning in formal classroom environments, our

results suggest that — with appropriate structure and support — they can. A likely reason for this success
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is that the program was developed iteratively over more than a decade in Northern Ghana, adapting the

model to local constraints rather than transplanting a first-best design into weak systems.

Whether these results generalize to other low-capacity countries or contexts remains an open ques-

tion. The model’s reliance on volunteer mothers may be more feasible in contexts where women have

flexible work schedules, strong community ties, and intrinsic motivation to support children’s education

- conditions that may not hold uniformly across LLMICs. More work is also needed on equilibrium

and welfare effects, including how volunteer models affect women’s labor supply and intrahousehold

allocations over longer horizons, and whether communities experience volunteer fatigue or selection in

volunteer supply as programs mature.
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Main Figures and Tables

Figure 1: Implementation and compliance during scale-up
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Note: Panel A shows the proportion of sessions observed to be running during unannounced visits. Panel B shows the
proportion of observed sessions meeting a satisfactory quality threshold, from the 2nd to the 6th kindergarten term. Note
that KG Term 1 is the set-up phase during which they recruit and train the PMs; hence, no session data are available.

Table 1: Teacher reports related to program compliance

Parents Parents support Any games Any play in
Contribute at least once a month for free play small groups

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

Treatment 4.088 0.382 0.291 0.052
(1.671) (0.081) (0.089) (0.041)

p-val 0.001 0.000 0.002 0.213

Control mean endline 2.154 0.372 0.526 0.885
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 156 156 156 156

Notes: The sample includes teachers who work in one of the pre-schools randomized into treatment or control at base-
line and who were sampled to answer the teacher survey at endline. In Column (1), the coefficient is an odds ratio from
an ordered logit model. In Columns (2)–(4), OLS estimates are presented. Across all columns, standard errors are
clustered at the community level, and p-values are reported in italics. The model controls for strata fixed effects and an
indicator for whether there is a clothing shop in the community. The outcomes and baseline outcomes are standardised
to have mean 0 and standard deviation 1 in the control group. At the foot of each column we report the mean outcome
among controls tracked to endline.
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Table 2: Impacts on parental knowledge, play investments, and behaviors
I. Knowledge II. Play Investments III. Behaviors

Child Pre-school Play Any play Positive Negative
Development Quality Materials activities Behaviors Behaviors

(1) (2) (3) (4) (5) (6)

Panel A
Treatment among PMs 0.472 0.310 -0.095 0.180 0.260 0.082

(0.141) (0.115) (0.146) (0.051) (0.120) (0.135)
p-val 0.001 0.009 0.515 0.001 0.033 0.544
Adj. p-val 0.016 0.062 0.766 0.012 0.116 0.766

Panel B
Treatment among non-PMs -0.040 0.166 -0.241 -0.029 0.042 0.013

(0.103) (0.057) (0.109) (0.036) (0.074) (0.105)
p-val 0.702 0.004 0.030 0.431 0.578 0.901
Adj. p-val 0.884 0.026 0.088 0.812 0.884 0.884

Panel C
Difference in treatment 0.512 0.143 0.146 0.209 0.219 0.069

(0.132) (0.109) (0.130) (0.046) (0.099) (0.142)
p-val 0.000 0.194 0.265 0.000 0.031 0.629
Adj. p-val 0.009 0.359 0.374 0.002 0.078 0.631

Control mean endline (non-PMs) 0.030 0.005 -0.118 0.317 0.009 0.028
Control mean endline (PMs) 0.073 0.308 -0.054 0.360 0.184 -0.011
Baseline outcome Yes No Yes Yes No No
Strata Fixed Effects Yes Yes Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes Yes Yes
Observations 2151 2151 2151 2151 2151 2,151

Notes: All outcomes measured as IRT scores standardised to have mean 0, std 1 in control group. The sample includes children who attended one of
the pre-schools randomized into treatment or control at baseline and who were successfully tracked at endline. OLS estimates are presented where
standard errors are clustered at the community level, and p-values are reported in italics. Column (1) uses an outcome from the KIDI scale. Column
(2) uses a vignette-based instrument measuring parental knowledge about different aspects of pre-school quality. Columns (3) and (4) use outcomes
from the Family Care Indicator. Columns (5) and (6) use outcomes from a surveyor-reported instrument on parenting behaviors toward the target
child. Throughout we estimate fully interacted models that control for the baseline outcome (if available), strata fixed effects, child’s age in months
at endline, a gender indicator, and the number of clothing stores in the community, and interactions of all these variables and the treatment indicator
with an indicator for whether the child’s mother signed up to participate in the play schemes (during the intervention in the treatment group, in the
following year in the control group). Control means are reported for each subgroup at the bottom of the table.



Table 3: Impacts of intervention on children’s cognitive outcomes

Cognition Emergent Emergent Executive
Aggregate Score Literacy Numeracy Function

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

Treatment 0.130 0.049 0.108 0.127
(0.056) (0.055) (0.051) (0.052)

p-val 0.022 0.376 0.038 0.017
Adj. p-val - 0.251 0.040 0.034

Baseline outcome 0.408 0.313 0.381 0.231
(0.023) (0.024) (0.022) (0.022)

p-val 0.000 0.000 0.000 0.000

Control mean endline 0.000 0.000 0.000 0.000
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: The sample are those children who attended one of the pre-schools randomized into treatment
or control at baseline and who were successfully tracked at endline. OLS estimates are presented where
standard errors are clustered at the community level, and p-values are reported in italics. The outcome
in Column 1 is the average of scores obtained on IDELA and Spelke tasks measuring Emergent Literacy,
Emergent Numeracy, and Executive Function. Each score is measured as the percentage of items correct
on each of these task. The outcomes in Columns 2 to 4 are the average of scores obtained on IDELA
and Spelke tasks measuring each of the three subdomains. Throughout we control only for the baseline
outcome measured as the average of scores on IDELA tasks measuring the same constructs, strata fixed
effects, child’s age measured in months of age at the time of the endline survey, a gender dummy, and a
variable for the number of clothing stores in the community. The outcomes and baseline outcomes are
standardised to have mean 0 and standard deviation 1 in the control group. At the foot of each Column we
report the mean outcome among controls tracked to endline.



Table 4: Distributional treatment effects: probability of scoring above selected control-group percentiles

Dependent variable: Indicator for score above:
10th pers 25th pers Median 75th pers 90th pers

(1) (2) (3) (4) (5)

Cognition 0.015 0.042 0.044 0.076 0.016
(0.013) (0.014) (0.023) (0.029) (0.018)

p-val 0.253 0.004 0.055 0.012 0.370

Emergent Literacy 0.005 0.014 0.024 0.019 0.012
(0.014) (0.020) (0.021) (0.026) (0.016)

p-val 0.739 0.483 0.261 0.462 0.468

Emergent Numeracy 0.007 0.033 0.038 0.045 0.016
(0.009) (0.016) (0.024) (0.025) (0.016)

p-val 0.435 0.049 0.113 0.075 0.328

Executive Function 0.024 0.051 0.017 0.031 0.025
(0.013) (0.017) (0.023) (0.028) (0.018)

p-val 0.068 0.004 0.475 0.268 0.172

Emotional Awareness (aggregate) -0.009 0.014 0.029 0.015 0.008
(0.013) (0.019) (0.026) (0.032) (0.021)

p-val 0.500 0.465 0.270 0.648 0.713

Behavioral Difficulties 0.005 -0.021 0.002 -0.069 -0.054
(0.016) (0.029) (0.027) (0.024) (0.016)

p-val 0.738 0.476 0.928 0.004 0.001

Externalising Behaviors 0.006 -0.010 -0.058 -0.045 -0.033
(0.009) (0.025) (0.031) (0.025) (0.015)

p-val 0.515 0.692 0.063 0.072 0.031

Internalising Behaviors 0.008 0.019 0.019 -0.032 -0.053
(0.010) (0.024) (0.032) (0.027) (0.022)

p-val 0.425 0.445 0.543 0.250 0.018

Strata Fixed Effects Yes Yes Yes Yes Yes
Baseline outcome Yes Yes No Yes No
Characteristics Yes Yes Yes Yes Yes
Observations 2151 2151 2151 2151 2151

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or control at
baseline and who were successfully tracked at endline. OLS estimates are presented; standard errors (in parentheses)
are clustered at the community level. P-values are reported in italics. The dependent variable is an indicator for whether
the measure of development is above a particular percentile of the endline score distribution. Models control for strata
fixed effects, child age (in months) at endline, a gender dummy, and a variable for the number of clothing stores in the
community; specifications also include baseline outcomes as indicated.



Table 5: Impacts on cognitive and socioemotional outcomes, by child’s gender

Cognition Emotional Awareness Behavioral
Aggregate Score Aggregate Score Difficulties

(1) (2) (3)

Treatment among boys 0.128 0.071 -0.211
(0.060) (0.079) (0.070)

p-val 0.036 0.372 0.004

Treatment among girls 0.144 0.023 0.015
(0.064) (0.082) (0.077)

p-val 0.028 0.775 0.845

Difference in treatment effect 0.016 -0.048 0.226
(0.054) (0.072) (0.089)

p-val 0.767 0.508 0.013

Control mean endline – boys 0.064 0.063 0.022
Control mean endline – girls 0.032 -0.020 -0.085
Strata Fixed Effects Yes Yes Yes
Baseline outcome Yes Yes No
Characteristics Yes Yes Yes
Observations 2151 2151 2151

Notes: The sample is those children who attended one of the pre-schools randomized into treatment or control
at baseline and who were successfully tracked at endline. OLS estimates are presented where standard errors are
clustered at the community level, and p-values are reported in italics. The outcome in Column 1 is the average
of scores obtained on IDELA and Spelke tasks measuring Emergent Literacy, Emergent Numeracy, and Executive
Function. The outcome in Column 2 is the average of scores obtained on IDELA and Spelke tasks measuring Emo-
tional Awareness. The outcome in Column 3 is the average of scores obtained on the Strengths and Difficulties
Questionnaire, measuring emotional problems, peer problems, conduct problems, and hyperactivity. Throughout,
we estimate models that control for the baseline outcome, strata fixed effects, child’s age measured in months of
age at the time of the endline survey, a gender dummy, and a variable for the number of clothing stores in the com-
munity, and interactions of all these variables and the treatment dummy with an indicator for a female. At the foot
of each Column, we report the mean outcome among controls in each of the subgroups.



Table 6: Impacts on children’s cognitive outcomes, by PM status

Cognition Emergent Emergent Executive
Aggregate Score Literacy Numeracy Function

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

Panel A
Treatment among PM children 0.134 -0.012 0.156 0.117

(0.083) (0.081) (0.089) (0.095)
p-val 0.110 0.885 0.085 0.222
Adj. p-val - 0.882 0.181 0.341

Panel B
Treatment among non-PM children 0.119 0.050 0.083 0.135

(0.056) (0.057) (0.053) (0.051)
p-val 0.035 0.387 0.118 0.010
Adj. p-val - 0.267 0.114 0.026

Panel C
Difference in treatment 0.015 -0.061 0.072 -0.019

(0.072) (0.074) (0.087) (0.087)
p-val 0.834 0.409 0.409 0.830
Adj. p-val - 0.719 0.719 0.812

Control mean endline – non-PM children 0.024 -0.007 0.031 0.007
Control mean endline – PM children 0.149 0.081 0.160 0.094
Baseline outcome Yes Yes Yes Yes
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or control at baseline and
who were successfully tracked at endline. OLS estimates are presented with standard errors clustered at the community level,
and p-values are reported in italics. The outcome in Column (1) is the average of scores obtained on IDELA and Spelke tasks
measuring Emergent Literacy, Emergent Numeracy, and Executive Function. The outcomes in Columns (2) to (4) are the average
of scores obtained on IDELA and Spelke tasks measuring each subdomain. Throughout we estimate fully interacted models that
control for the baseline outcome, strata fixed effects, child’s age in months at endline, a gender indicator, and the number of cloth-
ing stores in the community, and interactions of all these variables and the treatment indicator with an indicator for whether the
child’s mother participates in the Lively Minds schemes. At the foot of each column we report the mean outcome among controls
in the groups whose mother has signed up / not signed up to participate in the Lively Minds schemes in the following year.



Table 7: Impacts of intervention on children’s socioemotional outcomes

Behavioral difficulties

Emotional Awareness Aggregate Externalising Internalising
Aggregate Score Score behaviors behaviors

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

Treatment 0.042 -0.098 -0.110 -0.061
(0.073) (0.059) (0.061) (0.060)

p-val 0.560 0.102 0.074 0.314
Adj. p-val - - 0.116 0.238

Baseline outcome 0.229 0.065 0.093 0.038
(0.024) (0.023) (0.022) (0.028)

p-val 0.000 0.007 0.000 0.173

Control mean endline 0.000 0.000 0.000 0.000
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: The sample are those children who attended one of the pre-schools randomized into treatment or control at base-
line and who were successfully tracked at endline. OLS estimates are presented where standard errors are clustered at
the community level, and p-values are reported in italics. The outcome in Column 1 is the average of scores obtained on
IDELA and Spelke tasks measuring Emotional awareness. The outcome in Column 2 is the average of scores obtained
on items of the Strengths and Difficulties Questionnaire (SDQ) that measure emotional problems, peer problems, conduct
problems, and hyperactivity. Columns 3-4 disaggregate Column 2. The outcome in Column 3 is the average of scores ob-
tained on items of the SDQ that measure emotional problems and peer problems. The outcome in Column 4 is the average
of scores obtained on items of the SDQ that measure conduct problems and hyperactivity. Throughout we control strata
fixed effects, child’s age measured in months of age at the time of the endline survey, a gender dummy, and a variable for
the number of clothing stores in the community. In Column 1, we also control for the average of scores obtained on items
of the IDELA measuring Emotional Awareness at baseline. In Columns 2-4, we also control for the baseline outcome.
The outcomes and baseline outcomes are standardised to have mean 0 and standard deviation 1 in the control group. At
the foot of each Column we report the mean outcome among controls tracked to endline.



Table 8: Impacts on children’s socioemotional outcomes, by PM status

Behavioral difficulties

Emotional Awareness Aggregate Externalising Internalising
Aggregate Score Score behaviors behaviors

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

Panel A
Treatment among PM children 0.012 -0.332 -0.319 -0.257

(0.088) (0.115) (0.116) (0.119)
p-val 0.892 0.005 0.007 0.034
Adj. p-val - - 0.036 0.032

Panel B
Treatment among non-PM children 0.038 -0.053 -0.078 -0.015

(0.074) (0.054) (0.053) (0.063)
p-val 0.606 0.332 0.149 0.814
Adj. p-val - - 0.218 0.800

Panel C
Difference in treatment -0.027 -0.279 -0.241 -0.242

(0.072) (0.104) (0.096) (0.118)
p-val 0.713 0.009 0.014 0.044
Adj. p-val - - 0.045 0.045

Control mean endline – non-PM children 0.013 -0.027 -0.029 -0.018
Control mean endline – PM children 0.060 -0.044 -0.066 -0.012
Baseline outcome Yes No No No
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or control at baseline and who were suc-
cessfully tracked at endline. OLS estimates are presented with standard errors clustered at the community level, and p-values are reported in
italics. The outcome in Column (1) is the average of scores obtained on IDELA and Spelke tasks measuring Emotional Awareness. The outcome
in Column (2) is the average of scores obtained on items of the Strengths and Difficulties Questionnaire (SDQ) that measure emotional problems,
peer problems, conduct problems and hyperactivity. The outcome in Column (3) is the average of scores obtained on SDQ items measuring emo-
tional problems and peer problems. The outcome in Column (4) is the average of scores obtained on SDQ items measuring conduct problems and
hyperactivity. Throughout we estimate fully interacted models that control for the baseline outcome, strata fixed effects, child’s age in months at
endline, a gender indicator, and the number of clothing stores in the community, and interactions of all these variables and the treatment indicator
with an indicator for whether the child’s mother participates in the Lively Minds schemes. At the foot of each column we report the mean out-
come among controls in the groups whose mother has signed up / not signed up to participate in the Lively Minds schemes in the following year.



Table 9: Psychosocial impacts on the participating mothers

SRQ-20 depressive Rosenberg self-esteem
symptoms score score

(1) (2)

Treatment among PMs 0.047 0.067
(0.129) (0.122)

p-val 0.717 0.586

Control mean endline – PMs 0.021 0.113
Baseline outcome Yes Yes
Strata Fixed Effects Yes Yes
Characteristics Yes Yes
Observations 422 422

Notes: In Column (1), the outcome is based on the SRQ-20 Depression Scale (mean of scores). In
Column (2), the outcome is based on the Rosenberg Scale of Self-esteem (mean of scores). At the
foot of each column, we report the mean outcome of the control group.

Table 10: Impacts on siblings of PM children
Older siblings Younger siblings

Literacy
Score

(1)

Numeracy
Score

(2)

Geometric
Intruder

(3)

Vocabulary
Assessment

(4)

Point to
Emotion

(5)

CREDI
Score

(6)

Treatment among PM children -0.067 0.028 0.016 -0.017 0.149 0.202
(0.142) (0.135) (0.108) (0.139) (0.124) (0.172)

p-val 0.638 0.834 0.882 0.900 0.231 0.244

Control mean endline (PM children) 0.167 0.213 0.094 0.069 -0.047 -0.045
Baseline outcome Yes Yes Yes Yes Yes Yes
Strata Fixed Effects Yes Yes Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes Yes Yes
Observations 242 242 242 242 242 155

Notes: The sample consists of the next older and next younger siblings of children who attended one of the preschools
randomized into treatment or control at baseline and who were successfully tracked at endline. OLS estimates are presented;
standard errors (in parentheses) are clustered at the community level, and p-values are reported in italics. Outcomes in
Columns (1)–(5) are latent scores from measures of the older sibling’s literacy, numeracy, and tasks measuring geometric
skills, vocabulary, and emotional awareness (the last three are measured using Spelke tasks). The outcome in Column (6)
is the younger sibling’s CREDI score, constructed using the CREDI tool’s age standardisation procedure. All outcomes are
standardised to have mean 0 and SD 1 in the control group. We estimate fully interacted models that control for the baseline
outcome (for the older sibling, an overall score across literacy and numeracy at baseline), strata fixed effects, child age in
months at endline, and the number of clothing stores in the community, as well as interactions of these controls and the
treatment indicator with an indicator for whether the child’s mother participates in the Lively Minds schemes. The younger
sibling’s age was not recorded and is therefore not included in the regression. Control means are reported separately for
children whose mothers signed up / did not sign up to participate in the Lively Minds schemes.



Table 11: RCT and scale-up costs (in 2025 USD values)

Panel A: RCT implementation costs

Cost category Total cost % of total Cost per child

Program administration and staff costs 129,533.86 57.34 26.99
Implementation and program material costs 11,045.03 4.89 2.30
Transportation and per diems 45,006.27 19.92 9.38
Targeting / visibility costs 5,787.88 2.56 1.21
Training 5,246.14 2.32 1.09
Office costs 29,297.44 12.97 6.10

Total (N=4,800 treated children) 225,916.62 100.00 47.07

Panel B: Scale-up costs

Cost category Total cost % of total Cost per child

Program administration and staff costs 4,872,658.17 52.61 9.15
Implementation and program material costs 928,710.71 10.03 1.74
Transportation and per diems 3,116,933.67 33.65 5.85
Targeting / visibility costs 0.00 0.00 0.00
Training 2,602.74 0.03 0.00
Office costs 340,776.13 3.68 0.64

Total (N=532,413 treated children) 9,261,681.42 100.00 17.40

Note: Both cost analyses were conducted by Innovations for Poverty Action (IPA).



Table 12: Summary statistics on program participation by mothers

Mean SD N Min Max Sum

Number of PM who initially signed up/started the training 37.88 3.98 2,543 20.00 70.00 96,339
Number of PM who completed the training 36.08 4.46 2,543 20.00 67.00 91,761
Number of existing PMs re-enroling after 2 years 30.92 6.72 2,543 8.00 50.00 78,618
% of PMs completing set-up training after enrolment 0.95 0.07 2,543 0.57 1.00 2,424
% of PMs re-enroling after 2 years 0.86 0.15 2,543 0.22 1.00 2,177

Note: PM stands for Participating Mothers.
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Table A1: Attrition: household and primary carer characteristics

Endline sample Attrited sample p-value p-value

Control Treated Control Treated attrit/endline diff treated/control N

(1) (2) (3) (4) (5) (6) (7)

A. Households
Household size 8.965 10.321 9.992 10.367 0.002 0.250 2407
Number of children 16 or under 3.676 4.417 4.205 4.474 0.009 0.602 2407
Number of children 6 or under 1.332 1.617 1.536 1.639 0.045 0.667 2407
Wealth index (z-score) -0.212 0.025 0.025 -0.025 0.067 0.361 2394

Main income source:
Farming own land 0.359 0.446 0.435 0.438 0.044 0.842 2407
Wage work 0.328 0.274 0.276 0.284 0.665 0.221 2407
Livestock 0.047 0.033 0.035 0.033 0.036 0.075 2407
Profits from small enterprise 0.219 0.183 0.183 0.191 0.254 0.815 2407

B. Primary carers
Age 36.648 36.435 36.092 36.833 0.687 0.744 2407
Target child’s biological mother 0.656 0.790 0.789 0.763 0.000 0.949 2407
Some education 0.289 0.196 0.211 0.201 0.004 0.575 2407
Illiterate 0.859 0.926 0.915 0.923 0.003 0.589 2407
Raven’s score 45.280 43.178 43.094 43.717 0.385 0.480 2407
Depression score 6.949 8.340 8.332 8.048 0.019 0.492 2407
Self-esteem score 18.637 17.944 18.105 17.928 0.000 0.014 2407

Notes: The sample is households and primary caregivers in the baseline sample. Columns (1) and (2) report means of baseline characteristics among
observations in the endline sample, by treatment status. Columns (3) and (4) report the same means among observations that attrited at endline. We
run a regression of each characteristic on an indicator for attrition (not being in the endline sample), a treatment indicator, and their interaction. Col-
umn (5) reports the p-value on the attrition indicator, and Column (6) reports the p-value on the interaction. Column (7) reports the full sample size.

Table A2: Attrition: target child characteristics

Endline sample Attrited sample p-value p-value

Control Treated Control Treated attrit/endline diff treated/control N

(1) (2) (3) (4) (5) (6) (7)

Age (months) 55.311 56.325 56.209 56.226 0.104 0.487 2405
Gender 0.551 0.492 0.498 0.499 0.081 0.483 2407
Currently in school 0.766 0.781 0.779 0.780 0.870 0.734 2407

In the last 30 days:
Any cough 0.512 0.549 0.567 0.522 0.975 0.281 2406
Any stomach pain 0.477 0.508 0.532 0.478 0.677 0.122 2406
Any high fever 0.340 0.340 0.359 0.321 0.651 0.522 2407
Any diarrhea 0.287 0.320 0.313 0.321 0.116 0.251 2395

Notes: The sample is the target children observed in the baseline sample. Columns (1) and (2) report means of baseline characteris-
tics among observations in the endline sample, by treatment status. Columns (3) and (4) report the same means among observations
that attrited at endline. We run a regression of each characteristic on an indicator for attrition (not being in the endline sample), a
treatment indicator, and their interaction. Column (5) reports the p-value on the attrition indicator, and Column (6) reports the p-
value on the interaction. Column (7) reports the full sample size.



Table A3: Baseline balance: households and primary carer characteristics

Full sample Control Treatment p-value Adj. p-value N

(1) (2) (3) (4) (5) (6)

A. Households
Household size 10.321 10.497 10.150 0.208 0.671 2151

(6.369) (6.756) (5.967)
Number of children 16 or under 4.417 4.573 4.264 0.045 0.228 2151

(3.568) (3.800) (3.321)
Number of children 6 or under 1.617 1.676 1.560 0.140 0.561 2151

(1.825) (1.893) (1.755)
Wealth index (z-score) 0.025 -0.025 0.074 0.283 0.729 2139

(2.114) (2.067) (2.159)

Main income source:
Farming own land 0.446 0.447 0.445 0.933 0.990 2151
Wage work 0.274 0.274 0.274 0.998 0.994 2151
Livestock 0.033 0.034 0.031 0.721 0.970 2151
Profits from small enterprise 0.183 0.189 0.177 0.458 0.882 2151

B. Primary carers
Age 36.435 36.948 35.935 0.050 0.251 2151

(11.996) (12.156) (11.823)
Target child’s biological mother 0.790 0.774 0.806 0.063 0.291 2151
Some education 0.196 0.192 0.200 0.652 0.896 2151
Illiterate 0.926 0.930 0.922 0.466 0.882 2151
Raven’s score 43.178 43.473 42.890 0.413 0.882 2151

(16.524) (17.090) (15.956)
Depression score (1–20) 8.340 8.189 8.486 0.193 0.593 2151

(5.288) (5.278) (5.295)
Self-esteem score 17.944 17.912 17.975 0.684 0.896 2151

(3.584) (3.656) (3.514)

Notes: The sample includes households and primary carers whose children attended one of the pre-schools randomized into treat-
ment or control at baseline and who were successfully tracked at endline. Columns (1)–(3) report baseline means for the full sam-
ple, control group, and treatment group (with standard deviations in parentheses underneath the means for non-binary variables).
Columns (4) and (5) report the p-value and adjusted p-value for the difference in means between control and treatment; adjusted
p-values use the Romano and Wolf (2005) procedure with 500 bootstrap samples. Column (6) reports the full sample size.



Table A4: Baseline balance: target child characteristics

Full sample Control Treatment p-value Adj. p-value N

(1) (2) (3) (4) (5) (6)

A. Characteristics
Age (months) 56.325 56.276 56.372 0.816 0.996 2151

(9.499) (9.481) (9.521)
Gender 0.492 0.496 0.489 0.754 0.996 2151
Currently in school 0.781 0.783 0.779 0.809 0.996 2151

In the last 30 days:
Any cough 0.549 0.525 0.572 0.025 0.144 2150
Any stomach pain 0.508 0.481 0.535 0.011 0.068 2150
Any high fever 0.340 0.319 0.361 0.036 0.154 2151
Any diarrhea 0.320 0.321 0.320 0.975 0.996 2144

B. Cognitive outcomes
Aggregate score -0.009 0.000 -0.018 0.690 0.948 2151

(1.040) (1.000) (1.078)
Emergent literacy -0.010 0.000 -0.020 0.650 0.948 2151

(1.030) (1.000) (1.058)
Emergent numeracy 0.017 0.000 0.033 0.462 0.918 2151

(1.045) (1.000) (1.088)
Executive function -0.029 0.000 -0.057 0.202 0.687 2151

(1.034) (1.000) (1.065)

C. Socioemotional outcomes
Emotional awareness 0.018 0.000 0.036 0.415 0.918 2151

(1.038) (1.000) (1.073)

Strengths and Difficulties:
Emotional and behavioral problems 0.003 0.000 0.005 0.907 0.948 2151

(0.987) (1.000) (0.975)
Externalizing behaviors 0.012 0.000 0.024 0.568 0.942 2151

(0.983) (1.000) (0.967)
Internalizing behaviors -0.006 0.000 -0.013 0.767 0.948 2151

(0.992) (1.000) (0.985)

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or control at baseline and who
were successfully tracked at endline. Columns (1)–(3) report baseline means for the full sample, control group, and treatment group
(with standard deviations in parentheses underneath the means for non-binary variables). Columns (4) and (5) report the p-value and
adjusted p-value for the difference in means between control and treatment; adjusted p-values use the Romano and Wolf (2005) pro-
cedure with 500 bootstrap samples. Column (6) reports the full sample size.



Table A5: Baseline balance using sample of PMs: households and primary carers characteristics

Full sample Control Treatment p-value Adj. p-value N

(1) (2) (3) (4) (5) (6)

A. Households
Household size 10.313 10.713 10.032 0.245 0.745 422

(5.915) (6.237) (5.675)
Number of children 16 or under 4.495 4.816 4.270 0.095 0.441 422

(3.307) (3.525) (3.133)
Number of children 6 or under 1.597 1.672 1.544 0.453 0.896 422

(1.724) (1.767) (1.695)
Wealth index (z-score) -0.064 0.106 -0.183 0.144 0.607 421

(2.001) (1.969) (2.019)

Main income source:
Farming own land 0.483 0.494 0.476 0.710 0.976 422
Wage work 0.223 0.201 0.238 0.373 0.882 422
Livestock 0.038 0.040 0.036 0.835 0.976 422
Profits from small enterprise 0.173 0.178 0.169 0.814 0.976 422

B. Primary carers
Age 36.822 37.402 36.415 0.353 0.890 422

(10.722) (11.087) (10.461)
Target child’s biological mother 0.834 0.828 0.839 0.763 0.990 422
Some education 0.182 0.190 0.177 0.749 0.990 422
Illiterate 0.934 0.920 0.944 0.331 0.890 422
Raven’s score 42.160 42.385 42.003 0.813 0.990 422

(16.304) (17.782) (15.217)
Depression score (1–20) 8.690 8.885 8.552 0.521 0.958 422

(5.235) (5.321) (5.180)
Self-esteem score 17.725 17.655 17.774 0.734 0.990 422

(3.539) (3.799) (3.352)

Notes: The sample includes participating mothers’ households and primary carers whose children attended one of the pre-
schools randomized into treatment or control at baseline and who were successfully tracked at endline. Columns (1)–(3) report
baseline means for the full sample, control group, and treatment group (with standard deviations in parentheses underneath the
means for non-binary variables). Columns (4) and (5) report the p-value and adjusted p-value for the difference in means be-
tween control and treatment; adjusted p-values use the Romano and Wolf (2005) procedure with 500 bootstrap samples. Column
(6) reports the full sample size.



Table A6: Baseline balance using sample of PMs: target child characteristics

Full sample Control Treatment p-value Adj. p-value N

(1) (2) (3) (4) (5) (6)

A. Characteristics
Age (months) 55.803 55.713 55.867 0.872 0.984 422

(9.642) (9.410) (9.819)
Gender 0.488 0.506 0.476 0.546 0.934 422
Currently in school 0.836 0.833 0.839 0.883 0.984 422

In the last 30 days:
Any cough 0.557 0.511 0.589 0.117 0.437 422
Any stomach pain 0.528 0.460 0.577 0.018 0.088 422
Any high fever 0.377 0.339 0.403 0.182 0.555 422
Any diarrhea 0.338 0.356 0.325 0.508 0.934 420

B. Cognitive outcomes
Aggregate score 0.045 0.112 -0.003 0.277 0.625 422

(1.075) (1.099) (1.056)
Emergent literacy 0.038 0.084 0.005 0.447 0.828 422

(1.052) (1.065) (1.043)
Emergent numeracy 0.044 0.092 0.010 0.438 0.828 422

(1.069) (1.059) (1.077)
Executive function 0.019 0.099 -0.037 0.185 0.517 422

(1.032) (1.058) (1.012)

C. Socioemotional outcomes
Emotional awareness 0.015 -0.008 0.032 0.705 0.906 422

(1.067) (1.073) (1.064)

Strengths and Difficulties:
Emotional and behavioral problems 0.012 0.031 -0.001 0.748 0.906 422

(0.998) (1.007) (0.994)
Externalising behaviors 0.046 -0.042 0.107 0.133 0.415 422

(1.004) (1.017) (0.993)
Internalising behaviors -0.019 0.085 -0.092 0.072 0.269 422

(0.998) (1.022) (0.975)

Notes: The sample includes participating mothers’ children who attended one of the pre-schools randomized into treatment or con-
trol at baseline and who were successfully tracked at endline. Columns (1)–(3) report baseline means for the full sample, control
group, and treatment group (with standard deviations in parentheses underneath the means for non-binary variables). Columns (4)
and (5) report the p-value and adjusted p-value for the difference in means between control and treatment; adjusted p-values use the
Romano and Wolf (2005) procedure with 500 bootstrap samples. Column (6) reports the full sample size.



Table A7: Impacts on parental knowledge, play investments, and parenting behaviors (Mean of Scores)
I. Knowledge II. Play Investments III. Behaviors

Child Pre-school Play Any play Positive Negative
Development Quality Materials activities Behaviors Behaviors

(MoS) (MoS) (MoS) (Binary) (MoS) (MoS)

(1) (2) (3) (4) (5) (6)

Panel A
Treatment among PMs 0.508 0.235 -0.061 0.180 0.236 0.001

(0.140) (0.105) (0.144) (0.051) (0.130) (0.137)
p-val 0.000 0.029 0.674 0.001 0.074 0.993
Adj. p-val 0.012 0.114 0.896 0.012 0.212 0.992

Panel B
Treatment among non-PMs -0.051 0.118 -0.192 -0.029 0.050 -0.015

(0.107) (0.058) (0.105) (0.036) (0.078) (0.097)
p-val 0.639 0.045 0.072 0.431 0.526 0.875
Adj. p-val 0.834 0.162 0.204 0.806 0.828 0.836

Panel C
Difference in treatment 0.559 0.117 0.131 0.209 0.186 0.016

(0.136) (0.108) (0.141) (0.046) (0.104) (0.140)
p-val 0.000 0.279 0.356 0.000 0.077 0.907
Adj. p-val 0.002 0.502 0.535 0.002 0.165 0.900

Control mean endline – non-PMs 0.031 -0.015 -0.091 0.317 0.007 0.011
Control mean endline – PMs 0.079 0.280 -0.060 0.360 0.189 -0.014
Baseline outcome Yes No Yes Yes No No
Strata Fixed Effects Yes Yes Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes Yes Yes
Observations 2151 2151 2151 2151 2151 2,151

Notes: MOS means “Mean of Scores”. The sample includes children who attended one of the pre-schools randomized into treatment or control at
baseline and who were successfully tracked at endline. OLS estimates are presented with standard errors clustered at the community level, and p-
values are reported in italics. Throughout we estimate fully interacted models that control for the baseline outcome (if available), strata fixed effects,
child’s age in months at endline, a gender indicator, and the number of clothing stores in the community, and interactions of all these variables and the
treatment indicator with an indicator for whether the child’s mother signed up to participate in the play schemes (during the intervention in the treat-
ment group, in the following year in the control group). At the foot of each column, we report the mean outcome among controls in each subgroup.



Table A8: Parental knowledge about preschool quality

Teacher Rote Parents
discipline learning involvement Building

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

Panel A
Treatment among PMs 0.028 0.146 -0.038 0.085

(0.045) (0.058) (0.044) (0.032)
p-val 0.526 0.014 0.388 0.009
Adj. p-val 0.535 0.069 0.535 0.059

Panel B
Treatment among non-PMs 0.038 0.085 -0.027 0.015

(0.028) (0.027) (0.029) (0.015)
p-val 0.182 0.002 0.357 0.327
Adj. p-val 0.413 0.014 0.493 0.493

Panel C
Difference in treatment -0.010 0.061 -0.011 0.070

(0.039) (0.056) (0.047) (0.034)
p-val 0.800 0.278 0.811 0.042
Adj. p-val 0.949 0.465 0.949 0.152

Control Mean Endline non-PMs 0.752 0.622 0.817 0.854
Control Mean Endline PMs 0.829 0.737 0.844 0.912
Baseline outcome No No No No
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or con-
trol at baseline and who were successfully tracked at endline. OLS estimates are presented with standard
errors clustered at the community level, and p-values are reported in italics. Throughout we estimate fully in-
teracted models that control for the baseline outcome (if available), strata fixed effects, child’s age in months
at endline, a gender indicator, and the number of clothing stores in the community, and interactions of all
these variables and the treatment indicator with an indicator for whether the child’s mother signed up to par-
ticipate in the play schemes (during the intervention in the treatment group, in the following year in the con-
trol group). At the foot of each column, we report the mean outcome among controls in each subgroup.



Table A9: Impacts on play materials and play activities
A. Play materials B. Play activities

Home Toy Single HH object Music Pack of Single Drawing toy Single Toy to help
Dolls Books

Toys to learn Picture
Other Read

Telling
Singing

Going
Playing Drawing

Playing with
toys pack toy used as toy toy blocks block pack drawing toy moving shapes charts stories out objects

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

Panel A
Treatment among PMs -0.027 0.014 -0.050 -0.069 -0.030 0.004 0.000 0.015 0.018 -0.008 0.007 -0.003 -0.012 0.017 0.025 0.082 0.101 0.026 0.025 0.027 0.024 0.024

(0.079) (0.007) (0.038) (0.062) (0.040) (0.003) (0.000) (0.017) (0.038) (0.058) (0.053) (0.024) (0.012) (0.009) (0.013) (0.023) (0.031) (0.027) (0.039) (0.010) (0.011) (0.016)
p-val 0.735 0.056 0.197 0.270 0.454 0.284 1.000 0.382 0.630 0.888 0.891 0.896 0.342 0.064 0.067 0.001 0.002 0.340 0.514 0.009 0.031 0.141

Panel B
Treatment among non-PMs 0.016 -0.008 0.000 -0.083 -0.034 -0.001 -0.002 -0.018 -0.036 -0.063 -0.032 -0.031 -0.008 -0.003 0.019 -0.009 0.005 -0.024 -0.012 0.004 -0.008 -0.005

(0.045) (0.005) (0.027) (0.030) (0.026) (0.002) (0.004) (0.012) (0.031) (0.040) (0.036) (0.019) (0.004) (0.004) (0.011) (0.018) (0.019) (0.018) (0.031) (0.005) (0.009) (0.007)
p-val 0.731 0.106 0.986 0.007 0.198 0.422 0.690 0.146 0.248 0.120 0.371 0.103 0.075 0.512 0.083 0.634 0.779 0.185 0.694 0.506 0.340 0.511

Panel C
Difference in treatment -0.043 0.022 -0.049 0.014 0.004 0.005 0.002 0.033 0.055 0.054 0.039 0.028 -0.004 0.020 0.006 0.091 0.096 0.050 0.038 0.023 0.032 0.029

(0.068) (0.008) (0.045) (0.063) (0.034) (0.004) (0.004) (0.022) (0.037) (0.055) (0.046) (0.021) (0.012) (0.009) (0.016) (0.026) (0.028) (0.026) (0.034) (0.012) (0.014) (0.018)
p-val 0.531 0.010 0.283 0.829 0.911 0.186 0.690 0.139 0.146 0.324 0.389 0.179 0.735 0.031 0.687 0.001 0.001 0.061 0.266 0.052 0.021 0.118

Control Mean Endline non-PMs 0.291 0.014 0.187 0.641 0.087 0.001 0.008 0.036 0.134 0.287 0.226 0.034 0.009 0.007 0.014 0.086 0.133 0.087 0.102 0.017 0.020 0.014
Control Mean Endline PMs 0.277 0.009 0.194 0.607 0.123 0.002 0.000 0.038 0.121 0.334 0.249 0.031 0.012 0.012 0.014 0.092 0.133 0.097 0.135 0.021 0.024 0.024
Baseline outcome Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Strata Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151 2151

Notes: The sample includes children who attended one of the pre-schools randomized into treatment or control at baseline and who were successfully tracked at endline. OLS estimates are presented where standard errors are clustered at the community level, and p-values are reported in italics. Throughout we estimate fully
interacted models that control for the baseline outcome (if available), strata fixed effects, child’s age measured in months at endline, a gender indicator, and the number of clothing stores in the community, and interactions of all these variables and the treatment indicator with an indicator for whether the child’s mother has
signed up to participate in the play schemes (during the intervention in the treatment group, in the following year in the control group). At the foot of each column, we report the mean outcome among controls in each subgroup.
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Table A10: Impacts of intervention: Controls selected using post-double selection Lasso

Cognition Emotional Awareness Behavioral
Aggregate Score Aggregate Score difficulties

(1) (2) (3)

Treatment 0.108** 0.0383 -0.0442
(0.052) (0.070) (0.065)

Control mean endline 0.000 0.000 0.000
Strata Fixed Effects Yes Yes Yes
Characteristics Yes Yes Yes
Observations 2151 2151 2151

Notes: ***, **, and * indicate significance at the 1, 5, and 10 percent level respectively. OLS estimates
are reported with standard errors clustered at the village level in parentheses; p-values are reported in
italics. Controls are selected using the post-double selection Lasso method (Belloni et al., 2014).

Table A11: Impacts on children’s cognitive outcomes (IRT scores)

Cognition Emergent Emergent Executive
Aggregate Score Literacy Numeracy Function

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

Treatment 0.121 0.075 0.094 0.121
(0.055) (0.055) (0.050) (0.051)

p-val 0.030 0.176 0.064 0.020
Adj. p-val - 0.096 0.064 0.032

Baseline outcome 0.456 0.323 0.439 0.257
(0.023) (0.025) (0.023) (0.022)

p-val 0.000 0.000 0.000 0.000

Control mean endline 0.000 0.000 0.000 0.000
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: All outcomes measured as IRT scores standardised to have mean 0, std 1 in the control group. See
Table 3 note for more details.
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Table A12: Impacts on children’s socioemotional outcomes (IRT scores)

Emotional Awareness Behavioral Internalising Externalising
Aggregate Score Difficulties Behaviors Behaviors

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

Treatment 0.041 -0.096 -0.099 -0.072
(0.074) (0.064) (0.054) (0.072)

p-val 0.584 0.137 0.068 0.316
Adj. p-val - - 0.082 0.224

Baseline outcome 0.233 0.048 0.063 0.044
(0.024) (0.026) (0.022) (0.029)

p-val 0.000 0.068 0.005 0.133

Control mean endline 0.000 0.000 0.000 0.000
Strata Fixed Effects Yes Yes Yes Yes
Characteristics Yes Yes Yes Yes
Observations 2151 2151 2151 2151

Notes: All outcomes measured as IRT scores standardised to have mean 0, std 1 in control group. See Table 7 note for
more details.



B Measures of child development and parental investments

This appendix section provides a description of the measures of child development and parental invest-

ments that we use in the analysis presented in this paper. It establishes the internal validity of these

measures and describes how we construct the outcomes we use in the analysis. As part of this, we test

the assumptions of scalar and metric invariance across groups of interest.

B.1 Instruments to measure child development and parental investments

Figure B1 lists the instruments used to measure the development of the target child, their younger and

older sibling, and parental investments.

Figure B1: Instruments used to measure child development and parental investments

When selecting measurement tools to measure the target child’s developmental outcomes, we took

into account three key considerations. First of all, we selected measures that allowed us to study impacts

on specific sub-domains of children’s development, rather than overall aggregate measures. For example,

we specifically selected instruments that allowed us to separately measure skills related to emergent

numeracy, or emergent literacy, as opposed to just overall cognitive development. Second, we wanted

to make sure that we used internationally validated instruments that have previously also been used in

Ghana and in comparable contexts. A third and final key consideration was to ensure that our child

development assessment is complete, so that it covers all important aspects of child development and
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also that it was robust to potential “teaching to the test” effects of the Lively Minds curriculum. For these

reasons, we used three main instruments: the International Development and Early Learning Assessment

(IDELA), tasks developed by Elizabeth Spelke’s Lab ("Spelke Tasks" henceforth), and the Strengths and

Difficulties Questionnaire (SDQ).

For the rest of the analysis, we selected, to the best extent possible, already validated measures that

had been used in low-income contexts and complemented these measures with newly created measures

when available measures did not measure the constructs of interest comprehensively enough.

B.1.1 Instruments to measure the target child’s development

IDELA The IDELA is a free instrument developed by Save the Children to measure the early learning

and development of children from 3.5 to 6 years old. It was purposefully designed to be internationally

applicable and comparable and has already been used and validated in various contexts, including Ghana.

The IDELA assessment takes about 35 minutes per child. It consists of a series of tasks, which are

administered and scored by the data collector.

The tasks included in the IDELA cover a range of cognitive and socio-emotional dimensions, which

include:

• emergent numeracy, i.e. the child’s ability to do basic math which at the age of 4-5 is measured

for example by recognition of numbers, shapes and sizes

• emergent literacy, i.e. the child’s ability to read or to recognise numbers)

• fine motor skills, i.e. skills that use the small muscles, for example picking up small objects or

drawing)

• executive functioning, i.e. skills involving mental control and self-regulation, for example ability

to memorise, or plan and control impulses, and

• socio-emotional skills, specifically around the child’s expression and management of his or her

own emotions, their ability to empathise with others and to establish positive rewarding relation-

ships with them.

The IDELA was extensively piloted before the baseline survey was administered, which led to a few

minor changes being made to the original IDELA assessment. These include:
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• Item 1(f) was dropped: almost all children got this question wrong during the two pilots

• Item 7: Apples were replaced with mangoes as children in the study area were not familiar with

apples

• Item 8: We added a four-piece puzzle to serve as an example for the six-piece puzzle

• Item 11: Picture of a cartoon child crying was changed to an African boy crying

• Item 21: the project adapted a square shape instead of a triangle as most children in this setting

were more familiar with a square shape than with a triangle.

• Item 24: The hopping question was replaced with a pencil tap game. 72

• Item 25: this is a health and hygiene question that was added to the usual IDELA items.

Spelke Tasks Based on our third consideration around the comprehensiveness of our child develop-

ment assessment and the risk of “teaching to the test”, we complemented the IDELA tool with a battery

of assessments developed for and used in the Ghanaian context by Harvard Cognitive Psychologist Pro-

fessor Elizabeth Spelke (Spelke lab). With the exception of motor skills, the Spelke tasks measure

similar developmental domains as the IDELA.

The tasks that we administered covered a range of skills, including emergent math, emergent literacy,

executive function, and emotional awareness. For emergent maths, we administered the following tasks:

• Geometric Intruder, which tests whether a child can identify which shape, among four presented

to them, presents a unique difference

• Panamath, which tests whether the child can quickly determine which of two boxes on a laminated

card has more dots (to test numerical estimation)

• Point to number, which tests whether the child can identify particular number of toys and, then, to

cards with particular arabic numbers on them

• Extra number which tests whether the child can identify which of two plates have more toys in

them and whether the child can add the number of toys there are on the two plates

For emergent literacy, we administered a single task called Vocabulary assessment which tested the

size of the child’s vocabulary. In this task, the child is presented with a set of laminated cards with
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different pictures of objectives. The assessor says a word and asks the child to point to the card with the

word on them.

For executive function, we administered the two tasks which involved playing objects on a mat in

front of the child:

• Attention Switching, which tests whether if the child can find an object after the surveyor taps on

the incorrect location.

• Mental Simulation/Rotation, which tests whether the child can find objects placed under cups after

the cups slide or are switched on the map.

For emotional awareness, we administer a task called Point to Emotion, where the child is presented

with a number of pictures of human faces showing different emotions and asked to point to the image

showing the emotions described by the assessor.

Strengths and Difficulties Questionnaire The third instrument we administered to measure child

developmental outcomes is the Strengths and Difficulties Questionnaire or SDQ (Goodman, 2001). We

used the parent-report version of the SDQ, suitable for children aged 4-17 years. The SDQ comprises of

25 items, each describing a particular child behaviour. Possible responses are on a 3-point Likert scale:

(0) not true, (1) somewhat true, and (2) certainly true. Those 25 items are made of 5 items to describe

each of five domains: conduct problems, hyperactivity, emotional problems, peer problems, and pro-

sociality. The conduct problems and hyperactivity scales together make a measure of externalising

problems, while the emotional problems and peer problems scales make a measure of internalising

problems. Our analysis focused on 20 items which relate to items which relate to internalizing and

externalizing problem behaviors.

The SDQ (Goodman, 1997) was initially developed and validated in Western HIC settings (Good-

man, 2001; Henrich et al., 2010), but has been used internationally with versions available in over 90

languages (Youth in Mind, 2020), including in Sub-Saharan Africa and Ghana (e.g., Brown et al., 2025;

Hoosen et al., 2018).

B.1.2 Instrument to measure the younger sibling’s development

We measured the development of younger siblings using the Caregiver-Reported Early Development

Index (CREDI) short form (McCoy et al., 2017). The CREDI are a set of population-level measures
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designed to assess early childhood development for children from birth to age three using caregiver re-

ports. Developed to be feasible for use in large-scale surveys and in low-resource settings, the CREDI

focus on core developmental domains including cognition, language, motor skills, and socio-emotional

development. The instruments are administered through brief, age-specific questionnaires that ask care-

givers about observable behaviors and milestones, rather than requiring direct child assessment. The

CREDI Short Form consists of 20 caregiver-reported items for each child, designed as a fixed-length

set to rapidly assess overall early childhood developmental status in population-level surveys and mon-

itoring efforts. This contrasts with the Long Form, which includes up to 100 items and allows more

detailed, domain-specific scoring

B.1.3 Instruments used to measure older siblings’ development

We measured literacy and numeracy of older siblings with an adapted version of a test previously used

in the Ghanaian context and developed by the Ministry of Education officials from the National Council

for Curriculum and Assessments (NaCCA). The test items are aligned with the Ghana Education Service

curriculum. The instrument includes tasks related to subtraction, addition and fractions.

At endline we complemented these literacy and numeracy tests with a set of tasks developed in the

Spelke lab. These tasks are aimed to assess math (Geometric intruder), literacy (Vocabulary assessment),

emotional awareness (Point to emotion), and executive function. For executive function, the task tested

the child’s ability to hit the key on the same side or opposite side as an object.

B.1.4 Instruments to measure parental knowledge

Knowledge of Infant Development Inventory (KIDI) We measured the primary carer’s knowledge

of stimulation and care practice and her beliefs regarding the importance of these for children’s de-

velopment using the Knowledge of Infant Development (KIDI).The Knowledge of Infant Development

Inventory (KIDI) is a widely used self-report measure of parental knowledge about child developmental

processes, norms and milestones, caregiving practices, and health and safety guidelines. In its classic

form, the KIDI consists of 75 items, covering a broad range of content relevant to infants and young

children, with respondents indicating whether statements are agree, disagree, or unsure (and in some

milestone items, options about the age at which behaviors are expected). In the study, we used an

abbreviated six-item of the KIDI.
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Knowledge about pre-school quality The second measure of parental knowledge hones in specifi-

cally on parental knowledge relating to pre-school quality including most productive care and teaching

strategies, key features of pre-school infrastructure, and parental involvement. To assess this, we pre-

sented 4 pairs of vignettes designed by a local artist and, for each pair, asked parents to point to the one

they thought was associated with higher-equality education.

B.1.5 Instruments to measure play materials and play activities

We used the Family Care Indicators (FCI) instrument which was derived from the Home Observations

for Measurement of the Environment for use in large-scale population surveys (Hamadani et al.,2010).

The scale captures the availability of play and learning materials in the household, as well as educational

and play activities conducted with the child in the previous 3 days by any household member over the age

of 15. Enumerators recorded whether each of 13 categories of play and learning materials were available.

Maternal report was used to establish whether and how many times each of the several learning and play

activities took place over the preceding 3 days.

B.1.6 Instrument to measure positive and negative parenting behaviours

Parenting behaviours were assessed using two observational approaches conducted by trained enumer-

ators. First, enumerators directly observed mothers’ teaching behaviors while they interacted with their

child during two structured activities. Mothers were instructed on how to carry out two simple guessing

and sorting games and then asked to play these games with their child, providing an opportunity for the

enumerator to assess teaching style. Enumerators recorded the presence or absence of 15 specific behav-

iors reflecting instructional practices during the activities (coded 0 = not observed; 1 = observed). These

behaviors captured both supportive and less supportive teaching strategies, such as adapting instruc-

tional approaches when initial strategies were ineffective, tailoring guidance to the child’s prior actions,

limiting the child’s opportunities for independent problem-solving, or displaying low confidence while

completing the task.

Second, enumerators documented mother–child interactions observed throughout the interview pro-

cess. During the survey, enumerators coded whether mothers engaged in nonviolent or violent disci-

plinary practices toward the child (0 = no; 1 = yes). Nonviolent discipline included behaviors such

as removing privileges, explaining inappropriate behavior, or redirecting the child’s attention. Violent
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discipline encompassed psychological aggression (e.g., shouting or using disparaging language) and

physical punishment (e.g., shaking, spanking, hitting, or slapping the child, with or without an object).

These items were drawn from a subset of the discipline measures used in the UNICEF Multiple Indi-

cator Cluster Surveys (MICS) (Bornstein et al., 2023), and enumerators were trained to systematically

observe and code these behaviors during the course of the survey.

We grouped items from both sets of data about parenting behaviours into two groups: one group

of positive parenting behaviours and approaches and one group of negative parenting behaviours and

approaches.

B.1.7 Instruments to measure maternal well-being

Mothers’ well-being was measured in two ways. First, the Rosenberg Self-Esteem scale was admin-

istered (Rosenberg, 1965). This 10-item scale is globally one of the most widely used measures of

self-esteem including in LMICs (Schmitt & Allik, 2005). Responses are on a 4-point Likert scale 1=

strongly disagree and 4= strongly agree.

The second measure of mothers’ wellbeing captured mental health using the SRQ-20. psychological

distress scale. This scale combines brevity with strong psychometric properties and has been used

globally as part of the WHO World Mental Health Surveys (Kessler, 2002). It consists of 10 items

asking about the frequency with which respondents experience a range of symptoms. Responses are on

a 5-point Likert scale 1= none of the time and 5= all of the time.

B.2 Constructing measures of child development and parental investments

Constructing measures of child development and parental investments we use in the analysis involved

two main steps. First, we mapped individual items to constructs of interest and validated such mapping

by checking the construct’s internal consistency. Second, we created aggregate scores for each of the

constructs.

B.2.1 Internal consistency of mapping between measures and constructs

Figure B2 shows how we mapped each of the items from the IDELA, set of Spelke Tasks, and SDQ to

create three main constructs of child development: cognitive skill, emotional awareness, and emotional

and behavioural problems. This mapping is entirely based on the three tests’ developers’ guidance about
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what underlying skill or construct each item measures.

As is clear in the table, items both from the IDELA and from the set of Spelke Tasks measure sim-

ilar cognitive sub-constructs, including emergent literacy, emergent numeracy, and executive function,

as well as emotional awareness. Emotional and behavioural problems are uniquely measured using

SDQ items measuring conduct problems, emotional problems, hyperactivity, and peer problems. The

items measuring emotional and behavioural difficulties map onto two sub-constructs, one measuring ex-

ternalising behaviours (SDQ items measuring conduct problems and hyperactivity) and one measuring

internalising behaviours (SDQ items measuring peer problems and emotional problems).

While this mapping follows the test developers’ own guidelines about what dimension of child de-

velopment each item aims to measure, we also empirically validate the mapping by examining the corre-

lations between the items assigned to the same (sub-) construct and calculating their Cronbach’s alpha, a

measure of internal consistency which assess how well the group of measures actually measure a similar,

unique construct.

Figure B3 shows the correlation matrix between all the items included when measuring cognitive

skill. Their Cronbach alpha is .879, pointing towards very strong internal consistency. Figure B4, Fig-

ure B5, and Figure B6 report the correlation matrices of the subsets of elements used to measure the

subdimensions of cognitive skill, namely emergent literacy, emergent numeracy, and executive func-

tion. Their internal validity as measured by the Cronbach’s alpha is lower than for the overall cognitive

skill, and especially so for executive function. While we still report results on each of the cognitive

sub-constructs, the fact that internal consistency is lower for the cognitive sub-constructs than for the

overall cognitive construct motivates us to place further confidence on the results for the overall cognitive

construct.

We perform a similar exercise for the two socio-emotional dimensions we consider: emotional

awareness (Figure B7) and emotional and behavioural problems (Figure B8) . The Cronbach’s alpha

for each of these constructs is 0.66 and 0.75, which are deemed reasonable in the psychometrics litera-

ture. The last two figures (Figure B9 and Figure B10) report the same analysis for the sub-dimensions

of emotional and behavioural problems. The internal validity of the construct measuring externalising

behaviours is the lowest (α=.57) and slightly higher for internalising behaviours (α=.62).

We then turn to examining the correlation between items measures each of the constructs measuring

parental knowledge, play investments and parenting behaviours in Figure B11 to ??. Internal consistency
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is reasonable or strong for parental knowledge of child development (measured by the KIDI), positive

and negative parenting behaviours. It is lower for pre-school quality (α = 0.32) and play materials

(α = .45) measured by the FCI scale.

Finally, the items measuring depressive symptoms from the SRQ-20 offer very high internal con-

sistency (α = .88). The items measuring self-esteem from the Rosenberg scale offer lower, but still

reasonable internal consistency (α = .60).

B.2.2 Constructing aggregate scores for constructs of interest

The analysis presented above suggests that, with a few exceptions, the items we designate to measure the

key constructs in our analysis have relatively good internal consistency and can therefore be grouped to

measure a single, underlying construct. We now discuss the approaches we can and do take to construct

an aggregate score measuring that particular construct from the multiple items measuring it.

To fix ideas, it is useful to explicitly model the relationship between the underlying construct, say

θ, and the observed measures of it which contain information about the construct as well as some mea-

surement error. Assume for all j = 1, . . . , J, we can write Yi, j the j-th measure of the underlying θ for

individual i as a linear function of the underlying construct and measurement error ϵi, j:

Yi, j = α j + λ jθi + ϵi, j (Index 1)

where α j is referred to as an intercept and λ j is referred to as a factor loading. The model above is a

simple latent factor model.

The most straightforward approach - and that recommended by the developers of the test we use in

the trial (IDELA, Spelke Tasks, SDQ) - to aggregating θi is to average across the J measures of such

construct. For IDELA tasks, for example, this amounts to a)for each task, calculating the percentage of

sub-tasks the child gets correct across all sub-tasks pertaining to that tasks and b) averaging those scores

across all tasks pertaining to one construct. In the framework above, this comes down to imposing that

the factor loadings on the construct θ are all equal to each other for all measures j = 1, dots, J.

Another approach, which is very common in the psychometrics literature and is increasingly com-

mon in the economics literature, is to estimate the parameters of the model above so as to best fit the

moments of the joint distribution of Y j’s. The model described in Equation Index1 is identified under a

number of standard conditions and normalisations, including that J3, a location normalisation for exam-
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ple via the assumption that E(θ) = 0, a scale normalisation for example via the assumption that λ1 = 1,

and an assumption that the measurement error is i.i.d and uncorrelated across measures. Under these

assumptions, the model is identified and can be estimated via standard estimation techniques, such as

generalised least squares.

Our paper is primarily concerned with identifying gaps in such constructs - we aim to measure gaps

in child development or parental investments between treated and control units, but also between Partic-

ipating Mothers and non-Participating Mothers. In order to do so validly, it is critical that measurement

invariance holds, that is that the observed tests or scales we use to measure underlying constructs actually

do measure those constructs in the same across the different groups we aim to compare. If measurement

invariance does not hold, observed score differences may partly reflect changes in the measurement

process itself (for example, differential item functioning induced by the intervention), rather than true

differences in skills between the groups - and meaningful comparisons between groups cannot hold.

Measurement invariance is commonly discussed in terms of increasingly restrictive levels. Metric

invariance (sometimes called weak invariance) requires that factor loadings are equal across groups.

This means that each assessment item contributes to the underlying skill in the same proportional way

for treated and control children. When metric invariance holds, differences in relationships—such as

regression coefficients linking skills to later outcomes—can be meaningfully compared across groups,

because the scale of the latent skill is the same. Scalar invariance (or strong invariance) adds the

requirement that item intercepts are equal across groups. This ensures that, for a given level of the

underlying skill, children in different groups have the same expected item scores. Scalar invariance is

crucial for comparing average levels of latent skills across treated and control groups, since it rules out

systematic shifts in item difficulty that differ by treatment status. Strict invariance is the strongest form

and additionally requires equality of item residual variances, implying that the amount of measurement

error is the same across groups. While strict invariance is not necessary for the type of conclusions

we would want to draw in this paper, it supports the strongest claims of full comparability of observed

scores and latent variables.

In practice, full invariance at all levels often fails, especially in applied settings such as early child-

hood assessments, where interventions may differentially affect specific items (e.g., familiarity with

testing formats or task-specific skills). This motivates the concept of partial invariance, where in-

variance is imposed on a subset of items while allowing others to vary across groups. Partial scalar or
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metric invariance can still permit meaningful comparisons of latent means or relationships, provided that

enough items remain invariant to anchor the scale of the latent construct. In an experimental evaluation,

evidence of partial invariance can be informative in its own right, as non-invariant items may reveal

mechanisms through which the treatment affects performance on specific tasks, even if the underlying

skill is unchanged.

Testing for measurement invariance is typically carried out as a sequence of increasingly restric-

tive model comparisons. The starting point is a configural (fully unconstrained) model, estimated

separately but simultaneously across treated and control groups, in which the same factor structure is

imposed but all key parameters—factor loadings, item intercepts, and residual variances—are allowed to

differ by group. This model establishes a baseline: it assesses whether the overall measurement frame-

work is plausible in each group and provides a reference level of model fit against which more restrictive

specifications can be evaluated.

From this baseline, invariance is tested by imposing equality constraints step by step and examining

whether these restrictions lead to a statistically and substantively meaningful deterioration in model fit.

The first step is to test metric invariance by constraining factor loadings to be equal across groups.

This restriction implies that items relate to the underlying skill in the same way for treated and control

children. The fit of the metric model is then compared to the configural model, typically using likeli-

hood ratio tests or equivalent fit statistics. If the fit does not worsen significantly, metric invariance is

supported.

Next, scalar invariance is tested by additionally constraining item intercepts to be equal across

groups. This step evaluates whether, conditional on the latent skill, children in different groups have the

same expected item scores. Again, the scalar model is compared to the metric model to assess whether

the added restrictions are empirically defensible. Finally, strict invariance is tested by also constraining

residual variances to be equal across groups, implying equal measurement error across treatment status.

When full invariance at a given stage is rejected, the analysis proceeds by searching for partial

invariance rather than abandoning cross-group comparability altogether. In practice, this involves selec-

tively relaxing equality constraints on a subset of parameters while maintaining constraints on others. To

guide this process, we examine score tests (or equivalently, modification indices), which quantify the ex-

pected improvement in model fit—often expressed as the change in the log-likelihood—associated with

freeing a particular constrained parameter. Parameters with the largest scores indicate the constraints that
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are most strongly violated by the data. We then free these parameters sequentially, beginning with those

associated with the greatest score, and re-estimate the model until an acceptable balance between model

fit and parsimony is achieved. This procedure allows the latent skill to remain anchored by invariant

items while accommodating targeted departures from invariance that may arise from treatment-induced

changes in specific assessment tasks.

In our specific context, we need to test for measurement invariance across four groups: Participating

mothers in the treated and control communities, and non-Participating Mothers in the treated and control

communities. Note that, if anything, we would expect more deviations from measurement invariance for

the measures that are self-reported rather than those assessed by the surveyor.

We describe the results of our tests for measurement invariance for each construct of interest in

Figure B18 to Figure B21. Overall, there is evidence of some measurement invariance for emergent nu-

meracy, the overall cognitive construct (which includes emergent numeracy), externalising behaviours,

behavioural problems (which include externalising behaviours), positive and negative parenting, primary

carer’s depressive symptoms and self-esteem. However, for all those constructs, it is possible to find a

model where partial metric invariance holds, that is where the fit of the model freeing up a few factor

loadings and/or intercepts is as good as the fit of the fully unconstrained model.

For constructs where partial rather than strong measurement invariance holds, we estimate the im-

pacts of Lively Minds among the PM and non-PM groups using two different ways of aggregating the

measures. The first, most simple one, is to take an average of raw scores measuring each construct.

This approach essentially assumes equal factor loadings across all measures and across all groups. The

second is to estimate factor scores for the underlying constructs based on the factor model where partial

invariance holds. Overall, as as shown in outcomes instead of our favorite measures. As is clear from

Figure B22, the results are extremely similar between the two approaches. For the sake of simplicity

and transparency, we present, in the main text, impacts based on averages of raw scores.
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Figure B2: Instruments used to measure the target child’s development
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Figure B4: Correlation between items used to measure emergent literacy

Figure B5: Correlation between items used to measure emergent numeracy

Figure B6: Correlation between items used to measure executive function



Figure B7: Correlation between items used to measure emotional awareness
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Figure B9: Correlation between items used to measure externalising behaviours

Figure B10: Correlation between items used to measure internalising behaviours

Figure B11: Correlation between items used to measure knowledge of child development (KIDI
meausures)



Figure B12: Correlation between items used to measure pre-school quality
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Figure B17: Correlation between items used to measure primary carer’s self-esteem (Rosenberg scale)

Figure B18: Tests of measurement invariance for cognitive measures



Figure B19: Tests of measurement invariance for socio-emotional measures



Figure B20: Tests of measurement invariance for measures of parental knowledge and parenting be-
haviours



Figure B21: Tests of measurement invariance for measures of primary carer’s mental health and self-
esteem
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