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Abstract

Increased focus on population monitoring of early childhood development has been spurred by
the Sustainable Development Agenda, together with burgeoning evidence for the need to
support children to reach their developmental potential. Tracking children’s development in
low- and middle-income countries (LMICs) has been challenged by a lack of appropriate
measurement tools and resources to implement measurement. The early Human Capability
Index (eHCI) was designed to measure holistic development among children aged 3-5 years,
be feasible for large-scale use in low resource settings, and capture locally relevant information.
The aim of this thesis was to investigate the reliability, validity, and sensitivity of the eHCI
across diverse settings to advance understanding of how the tool can be used to facilitate

population measurement of early childhood development.

Four research studies utilised pre-existing data collected using the eHCI from 2013-2020
among children aged 2-6 years in seven LMICs, including Brazil, China, Kiribati, Lao PDR,
Samoa, Tonga, and Tuvalu. The first study investigated whether data fit the theoretical
structure of the eHCI (nine developmental domains) across seven countries, given the
necessary adaptation of the instrument in each country. Confirmatory factor analyses indicated
the eHCI maintained the same factor structure across countries, providing evidence for the
tool’s construct validity. The second study explored the convergent, divergent, discriminant,
and concurrent validity of the eHCI, and whether results varied across seven countries. Results
provided evidence that the tool captured aspects of early childhood development it was
designed to measure. Although the eHCI was intended to measure development among children

aged 3-5, results from this study indicated it may be validly applied to children aged 2-6 years.

The first two studies established the eHCI was psychometrically robust using cross-sectional

data. The third study used longitudinal data to explore the ability of the eHCI to predict

13



children’s later abilities in Lao PDR, establishing predictive ability of the tool. Specifically,
whether scores on the eHCI at 2-5 years predicted cognitive development (literacy, numeracy,
executive function) at 6-9 years, four years later. Receiver Operator Characteristic curve
analyses demonstrated the summary indicator, eHCI overall development, signalled risk for

poor future cognitive development with similar ability to measures of socioeconomic position.

The eHCI was designed to have adequate sensitivity to detect variation in children’s
development to facilitate program evaluation, which is a limitation of many existing population
measures. The final study tested the sensitivity of eHCI scores to inputs promoting children’s
development, namely quality of early childhood education. Using cross-sectional data in Lao
PDR, adjusted linear regressions demonstrated small, positive associations between quality and

children’s development measured via the eHCI, as was hypothesised.

Together, studies demonstrated that the eHCI, a pragmatic, freely available and locally adapted
tool, can be validly applied to children aged 2-6 years across diverse LMICs, for the purposes
of locally relevant population monitoring of early childhood development, as well as program
evaluation. Ultimately, information collected using the eHCI may be used to inform policy and

practice in terms of resourcing and supports to promote children’s development.
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Thesis overview

This thesis is presented by publication and includes seven chapters. Chapter 1 provides an
introduction, outlining the background to and rationale for the research presented in this thesis.
This chapter includes a review of existing population measures of early childhood development
as well as their limitations when implemented in low- and middle-income countries (LMICs).
This summary highlights the challenges of existing approaches to population measurement of
early childhood development, and the need for a measurement solution that is better aligned
with population measurement ideals, particularly in low resource settings. Here, the early
Human Capability Index (eHCI), the measure of focus in this thesis, is described, together with
the need to conduct research to establish the psychometric properties of the tool. The

overarching aims and four research questions explored throughout this thesis are outlined.

Chapter 2 includes an overview of the data sources and measures utilised, as well as the
methodological approaches employed throughout this thesis, including rationale for

approaches selected in research studies and how they were undertaken.

Chapters 3 to 6 present the four research studies undertaken to address the research questions
posed in this thesis, investigating the reliability, validity, and sensitivity of the eHCI among
children aged 2 to 6 years across seven LMICs. These studies are presented as four papers, two
of which have been published, and two of which are currently under review. Chapter outlines
provide an overview of each research study, its results, and how findings have addressed the
relevant research question. Published papers and manuscripts under review, including
supplementary materials, are presented in appendices. Additionally, a published commentary
paper co-authored by the Candidate is also available in the appendix. This paper presents an
argument for the importance of culturally and contextually specific measurement of early

childhood development; a theme that is central to both the eHCI and this thesis.
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Finally, Chapter 7 includes a discussion of the key contributions the research in this thesis has
made to existing evidence regarding population level measurement of early childhood
development. Limitations of the thesis are outlined, including how future research may
overcome these challenges. The chapter concludes with a discussion of the implications of
findings for policy and practice, including how the eHCI may be used to facilitate population

measurement of holistic early childhood development in LMICs moving forward.
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Chapter 1: Introduction

Chapter 1: Introduction

1.1 Chapter outline

This chapter provides background to and rationale for the research presented in this thesis. It
begins by outlining the need to invest in early childhood development, and the critical role
population measurement plays in such investment decisions. It summarises existing population
measures of early childhood development and their limitations, particularly when applied in
low- and middle-income countries. Next, the early Human Capability Index is introduced,
including how the tool’s design was intended to overcome these challenges. The need for
instruments measuring early childhood development to be psychometrically robust is outlined,
including descriptions of the aspects of reliability and validity required. The chapter concludes

by outlining the aims of this thesis and the four research questions that were explored.

1.2 Background
1.2.1 The importance of investing in early childhood development

Early childhood development, the process of human development from conception to age eight
by which children begin to acquire a range of physical, cognitive, language, social, and
emotional skills, is considered to be the most important phase in life as it lays the foundation
for later learning, behaviour, achievement, health, and wellbeing!->. When children thrive in
their early years, fuelled by adequate health care and nutrition, responsive and supportive
caregiving, opportunities for early learning, and protection from harm, they are more likely to
reach their full developmental potential as adults and successfully participate in economic,
social, and civic life.* > Adversity and negative experiences in early childhood on the other

hand, can disrupt brain development and early learning, which can lead to poorer outcomes
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that persist throughout the life course including lower educational attainment and reduced

earning potential, as well as increased risk for poor mental and physical health.5®

Early childhood is a period of great opportunity and vulnerability, and unfortunately it is the
case for millions of children worldwide that the window of opportunity for healthy early
development is missed. Indeed, an estimated 250 million or 43% of children under the age of
five in LMICs are at risk of not reaching their potential for physical, cognitive, or social and
emotional development due to a range of adversities which negatively impact their later
outcomes, including chronic malnutrition, poverty, and disadvantage.’ Further, disparities in
children’s health and development outcomes among world regions are large, with the most
recent evidence demonstrating that children living in South Asia and Sub-Saharan Africa have

the poorest chance of both surviving and achieving their developmental potential.'’

Optimal health and development in childhood and throughout the life course is central to the
formation of human capital.'® Therefore, investment in young children will not only benefit the
children of today but will have a direct impact on the human capability, stability, and prosperity
of nations in the future. Failing to support populations to reach their developmental potential
has been equated to the loss of a quarter of the average adult earning potential later in life which
not only has harmful long term effects at the individual level, but also constitutes considerable
drain on a country’s resources and contributes to the intergenerational cycle of poverty,
inequality, and social exclusion that affects all countries.> * ! 12 The need to invest in early
childhood development to minimise such burden and ensure all children are afforded the

opportunity to reach their potential is both paramount and irrefutable.

Encouragingly, a large body of research demonstrates that interventions that target the right
combination of risk factors can modify children’s physical, cognitive, social and emotional

development and thus improve outcomes across the life course.> !> Indeed, for almost two
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decades, economists have argued that investment in early childhood development is the most
powerful investment a country can make. For instance, evidence examining the long term
benefits of an early childhood program targeting disadvantaged children and families,
following participants until their mid-30s, demonstrated a rate of return of 13.7% per annum
with a ratio of cost to benefit of 7.3.!% These benefits manifest in improved health and education
outcomes, increased individual earnings of up to 25%, lower crime rates and overall,
workforces that are better equipped to face the future challenges of a global, digital economy.!>
16 Further, investments in children’s early years have the largest positive impacts among those
who are most disadvantaged.!”- ' In this way, ensuring adequate supports in the first years of
life can help to “even the playing field” and reduce inequalities in children’s outcomes.
Together with multisectoral supports for all children that continue throughout later childhood

and into adolescence, optimal outcomes can be realised.!?

As a result of decades of research and advocacy, there exists increased awareness amongst
governments, service providers, and communities regarding the critical importance of
children’s early years and the investment required to appropriately support early development.
Indeed, in some parts of the world governments are providing their children with adequate
health care, nutrition, stimulation, and protection, and as a result are reaping the benefits.!
However, it remains difficult to convince many governments of the value of investing
significantly in early childhood development. The absence of comprehensive child
development data highlighting the need for action is a key obstacle to such investment. A more
nuanced understanding of the capabilities that are strengthened by early childhood
interventions, the mechanisms through which this impact occurs, as well as the dose and quality
of supports required — all of which can be acquired via interrogation of child development data
— is essential for bolstering confidence in policy makers to invest in the early years.!” Further,

the majority of child development research has been conducted in a small number of high
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income countries, leaving significant gaps in our knowledge regarding the state of children’s
development in diverse LMICs.?° Together, these hurdles pose a significant challenge in

promoting adequate investments in early childhood development.

1.2.2 A shift in focus from surviving to thriving

Historically, countries have collected data on indicators including infant and child mortality,
breastfeeding, immunisation, and stunting as a means of monitoring children’s outcomes.?!
Such monitoring has highlighted great advances in child health and survival outcomes over
time. For instance, the global under-five mortality rate shifted from 428 children per 1,000 live
births in 1800, to 409 in 1900, 247 in 1950, and then 93 in 1990.>> The Millennium
Development Goals (MDGs), established in 1990 to address disease, poverty, and hunger,
among other crises, for the world’s poorest, further spurred global action to save and improve
the lives of millions of children.?® The eight goals included a child mortality target which called
for a reduction in the under-five mortality rate by two thirds, between 1990 and 2015. While
not all countries met this target, these efforts helped to reduce global child mortality rates by
greater than half, from 1 in 11 children dying before age five to 1 in 24 children,* and
demonstrated how collective, global action can have a significant positive impact on society.
More recently, in 2020, the global under-five mortality rate was 37.%° Similar patterns have
been observed for other child health indicators, such as exclusive breastfeeding and

immunisation rates, albeit improvements are less pronounced.

With these advances in basic child health and survival (noting that not all world regions have
experienced such advances equally), the global agenda has in recent decades, shifted from a
focus on surviving to a focus on thriving. Indicators of countries’ social and economic
development have shifted from rates of child mortality to rates of children achieving their

developmental potential. As described in the 2016 Lancet Series, Advancing Early Childhood
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Development, “children reach developmental potential when they acquire developmental
competencies for academic, behavioural, socio-emotional, and economic accomplishments”.®
The Nurturing Care Framework for Early Childhood Development, developed by the World
Health Organization (WHO), United Nations Children’s Fund (UNICEF), and World Bank and
launched in 2018, presents the factors that influence children’s acquisition of such
competencies and therefore conditions and inputs required to thrive’ Specifically, five
interrelated components form nurturing care and are needed for children to reach their full

developmental potential, including good health, adequate nutrition, safety and security,

responsive caregiving, and opportunities for early learning (Figure 1.1).26

Figure 1.1. Nurturing Care Framework for Early Childhood Development

' R e N
Health and wellbeing of children and their caregivers
Good health . .
including access to health care
\. J J
e N e N
Adequate Child nutrition and physical activity, as well as
nutrition maternal nutrition during pregnancy and childhood
\_ J \_ J
( A 4 N\
Responsive Caregivers’ ability to notice, understand, and respond
caregiving to children’s signals in a timely and appropriate manner
\. J - Y,
( ™ e A
Safety & Safe and secure environments for children and families
security including physical and emotional safety
\ J \ J
e ™ e ™
) Opportunities for children to interact with a person,
Early learning . . . .
place, or object in their environment

g J . J

Note. Information sourced from World Health Organization®®

This shift in focus, from surviving to thriving, is reflected in global endorsement of the United
Nations Sustainable Development Goals (SDGs), building on the preceding MDGs. Ratified in

2015, the SDGs focus on a multitude of intertwined factors that are needed to promote global
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equity, specifying targets to end poverty, mitigate inequality, and protect the planet for a better
future?’. Embedded within the goals are targets related to children’s malnutrition, mortality,
experience of violence, and early learning; targets that constitute a global agenda for early
childhood development.'*> SDG 4.2 states that by 2030, countries must ensure that all girls and
boys have access to quality early childhood development, care and pre-primary education so
that they are ready for primary education. To track progress against this target, countries are
required to monitor (i) the proportion of children aged 24-59 months who are developmentally
on track in health, learning and psychosocial wellbeing, by sex, and (ii) participation rates in
organised learning one year before the official primary entry age, by sex. While many countries

t*8 few track the status of

monitor national participation in early childhood education enrolmen
children’s development. Tracking progress toward SDG 4.2 calls for population level
measurement and monitoring of early childhood development. Indeed, early childhood
development contributes to several SDG targets, including those related to health, gender

equity, and poverty reduction, and thus population monitoring of children’s early development

is key to supporting progress toward the broader Sustainable Development Agenda.

Spurred by this global agenda together with burgeoning evidence regarding the value of
investing in children’s early years, leading international organisations in early childhood have
highlighted the need for services that promote the development of capabilities in children that
will enable them not only to survive, but to thrive.? In turn, the use of instruments that measure

progress towards such goals is being promoted, with focus shifting toward a holistic approach.

1.2.3 Holistic early childhood development

As described in the comprehensive toolkit for measuring early childhood development in
LMICs developed by the World Bank?’, domains of early childhood development typically

include cognitive, language, motor, social-emotional, and pre-academic (i.e., early literacy and
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numeracy) skills. This section provides a brief overview of these developmental domains and
what constitutes holistic early childhood development, before moving to discussion of
measurement of holistic development. Examples of how skills across these domains are

exhibited as children grow from infancy through to preschool-age are provided in Table 1.1.

Table 1.1. Skills captured in domains of early childhood development

Domain 0-2 years 3-5 years
Early understanding of numerical More complex understanding of
.. concepts (e.g., meaning of one or numerical concepts and problem
Cognitive . . .
two, or big or small) and problem solving (e.g., meaning of more and
solving (e.g., stacking objects). less, sorting by colour and shape).

Begins with babbling and gesturing, Production and understanding of
Language  Wwhile words and sentences typically words, ability to tell stories and
emerge in the first two years. identify letters.

Fine motor skills include picking up Fine motor skills include holding a

Motor and holding objects. Gross motor pencil to write and draw. Gross motor
skills include learning to walk. skills include jumping and catching.
Exploring objects and places, Getting along with others, self-

Social- initiating and responding to social ~ regulation (e.g., emotional and/or

emotional  interaction, and strategies for behavioural control), and identification
dealing with negative emotions. of emotions in self and others.

Cognitive skills include the processes by which knowledge is acquired including abilities such
as problem solving and memory.*® Language skills include the ability to both understand and
express verbal communication.’! Dependent on culture (e.g., if a culture has a history of written
language) vocabulary may or may not be a good indicator of children’s language
development.®? This highlights the important influence of culture on children’s development,
which is discussed in Section 1.2.6. Motor skills include the ability to control and coordinate
gross movements of arms and legs and fine movements of the fingers.** Social and emotional

skills include social competencies and interactions, and the regulation of emotional responses.**
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In the first years of life, social and emotional development is largely driven by relationships
and attachment with caregivers.>* Finally, pre-academic skills refer to foundational abilities
required for development of literacy and numeracy among preschool-aged children, which are
important for success in the school environment. This includes letter and number knowledge,

counting, reading words and sentences, as well as listening comprehension.?

Although definitions can vary, these aspects or domains of development often feature in
frameworks and measures of early childhood development internationally. When seeking to
measure children’s development, capturing holistic development is important as skills across
domains overlap and influence mastery of one another.®> For instance, children’s language
development and verbal communication can influence other domains spanning literacy and
numeracy, as well as social and emotional skills.>® This list of domains is not exhaustive and
there are several other aspects of development that feature in some measurement tools (e.g.
executive function, personal/adaptive skills, and approaches to learning). However, the
domains summarised above tend to feature most commonly across measures and help to depict

what typically constitutes holistic early childhood development.

1.2.4 Measuring early childhood development

Measurement is essential in understanding whether children are developing as expected and to
their full potential. Measurement of early childhood development is typically undertaken for
three key purposes: screening and diagnostic assessment, program and intervention evaluation,
and population monitoring. While the research presented in this thesis is focused on population

level measurement, it is important to first highlight differences in measurement approaches.

Screening and diagnostic assessment

Screening tests are used to identify children at risk of developmental difficulties or delay, with

the objective of referring children who screen positive for risk to a qualified clinician for further
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assessment and (potential) diagnosis.>’ Screening tests are short and quick to administer,
typically include motor, cognitive, and language domains, and classify children into categories

such as delayed, at risk for delay, or developing typically, based on normative data.?’

The most widely used screening test globally is the Ages and Stages Questionnaire (ASQ).*
The third and most recent edition, the ASQ-3, is used to measure development among children
aged 1-66 months.** Domains of development screened by the ASQ include communication,
fine and gross motor skills, problem solving (i.e., cognitive development), and personal-social
development. The instrument includes several questionnaires with items focused on different
stages of development (i.e., a different set of questions is completed dependent on child age).
Caregivers complete the short questionnaire in 10-15 minutes, which is then scored by a trained
assessor. An example item in the 18-month questionnaire measuring children’s fine motor
development is “Does your child stack a small block or toy on top of another one?” (response
options yes, sometimes, not yet). Based on empirically derived cut-off scores, results on each
domain can be categorised as on schedule, for monitoring, or for further assessment.*
Developed in the United States, the ASQ has been widely validated as a screening instrument

in other high-income countries, as well as in various LMICs 444

Program and intervention evaluation

Program evaluation is designed to evaluate the impact of an intervention on children’s
outcomes. Measurement is implemented to assess the skills or capabilities that are intended to
be impacted by the intervention. Therefore, program evaluation tools may be broad (i.e.,

holistic) or narrow in terms of domains assessed, dependent upon the intervention.

An example of a developmental assessment tool often utilised for the purposes of program
evaluation is the Bayley Scales of Infant and Toddler Development (originally Bayley Scales

of Infant Development).*> The third edition, Bayley-III, measures cognitive, language, social-
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emotional, motor development, and adaptive behaviour among children aged 1-42 months.*°
Scales are administered via a combination of child behavioural assessments and caregiver
questionnaire. Administration ranges from 30-60 minutes and is undertaken by trained
individuals with experience in developmental assessment (e.g., psychologist, paediatrician).
Items differ with child age, for example, the cognitive scale measures interest and attention
among infants, exploration and problem solving among toddlers, and pretend play and object
categorisation (e.g., colour, size) among preschool-aged children. While the Bayley-III can be
used to identify developmental delay, it differs to typical screening tests in that it collects more
comprehensive information through a greater number of items and therefore has greater
variability in scores, that can be used to track development and assess impacts of intervention.*’
The Bayley-III was developed in and is primarily used in the United States, due to standardised
scoring based on normative data in this setting.*® Although the tool has been well validated in

the United States, psychometric results for its application in LMICs are mixed.*°

Population monitoring

Population monitoring of child development is essential in understanding how children are
developing within populations (e.g., community, region, country).’! It seeks to identify broad
patterns in development among children across a whole population. Such monitoring also
enables identification of variation or inequalities in development among specific sub-
populations of children (e.g., different genders or geographical groups). This information can
be collected through either a census or representative sample approach. Information generated
through population monitoring can be used to track shifts in development within and across
populations over time and across settings.>! Such measurement aims to inform policies (e.g.,
preschool provision) and supports (e.g., literacy interventions) to promote community, regional
and/or national-level early childhood development outcomes. Subsequently, population

measures are designed to be feasible for use at scale.?’
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The Early Development Instrument (EDI) is a Canadian-developed population level measure
of development for use among children aged 3 to 6 years.”>>* The tool includes approximately
100 items measuring development across five domains that are important for children’s
readiness for the school environment, including physical health and wellbeing, emotional
maturity, social competence, language and cognitive development, and communication skills
and general knowledge. An example item in the communication skills and general knowledge
domain is “How would you rate this child’s ability to tell a story?” (response options poor/very
poor, average, very good/good). Teachers take about 15 minutes to complete the EDI for each
child in their class (the same items are completed for all children), and aggregated results report
the percentage of children who are classified as vulnerable, at risk, or on track in their
development at various levels (e.g., school, community). The EDI has been used in more than

20 countries, namely Canada and Australia, but has had limited application in LMICs.3*

In addition to different measurement purposes, measurement of early childhood development
is typically conducted via three key collection methods: (i) direct assessment, where children
are asked to complete a series of tasks or activities (e.g., naming or counting objects), led by
an assessor in a one-on-one setting; (ii) adult report, where respondents who know the child
(e.g., caregiver, teacher) complete a series of questions about the child’s abilities, based on
their knowledge of the child; and (iii) direct observation, where assessors observe, document,

and score children’s behaviour as it occurs in a natural setting in real time.

The purpose of assessment will determine the type of measurement instrument selected to be
implemented, and so too will the age range of target children, as well as any financial and
logistical constraints present. Each type of assessment, as well as specific measurement
instruments, have a range of advantages and disadvantages that must be considered before
selection. The section to follow describes the value of population level measurement, as is the

focus of this thesis, and presents a review of currently available population level measures.
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1.2.5 Population measurement of early childhood development

Data collected via population level early childhood development measurement create a range
of opportunities.?! 2> 3% 57 Such data provide countries with a baseline regarding the state of
child development across the population. As aforementioned, this can be used to identify
patterns in children’s development across the population, as well as highlight inequalities in
outcomes amongst specific population sub-groups (e.g., children from different ethnicities or
socioeconomic position). Data can also be used to explore specific areas or domains of
development that need strengthening (e.g., children’s motor development or early literacy
skills). In this way, data can be used to inform policy regarding where further investments are

needed to provide all children with the opportunity to achieve their developmental potential.

Population level data can also be used to track changes or population shifts in development
among cohorts of children over time. For instance, monitoring the development of children
upon entry to primary school (approximately 5 years of age), as is conducted triennially using
the EDI in Australia (Australian Early Development Census; AEDC).®® Such monitoring
enables investigation of whether policies and interventions are achieving their goals of
improving development for successive cohorts of children. Indeed, only by monitoring
progress over time can policy makers, service providers, and communities determine if their
efforts are making a difference. Similarly, tracking development among populations over time
can enable greater understanding of why some children are doing better than others, through
identification of the factors that play an important role in supporting children to reach their
developmental potential (for instance, investigation of type, dose, timing, and quality of early
childhood education). Importantly, mechanisms driving positive developmental outcomes are
likely to vary across different sub-groups of children (e.g., language background,

socioeconomic position, disability or additional needs status).!” Identifying what supports work
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for whom in this way can help to inform how services and supports should be targeted so that

these positive impacts can be maximised across populations.

At a broader level, population level data allow for international monitoring, such as that
required for the Sustainable Development Agenda, as well as comparison of children’s
development within and across countries and world regions. Such comparison investigations
can improve understanding of how country-level and region-level policies and service delivery
models impact children and their families. Examples might include policies regarding parental

leave, antenatal and postnatal supports, or early childhood education and care.

There are a handful of existing population level measures of holistic early childhood
development used for a range of purposes in various countries and world regions. As part of
this thesis, a review of existing measures (as at August 2022) was conducted with a focus on

instruments designed for use among children aged 3 to 5 years.

While early childhood development includes the period from conception to age eight, given
the growth in children’s development that occurs during this period, a single measure cannot
be validly applied across the entire age range. When the Sustainable Development Agenda was
ratified in 2015, SDG 4.2.1 incorporated tracking the development of children aged 0-5 years.5!
The indicator was classified as tier three, meaning no internationally established methodology
or standards were available.®” In 2020, led by experts in early childhood development
internationally, the indicator was revised to be restricted to children aged 24-59 months, no
longer including children aged below two years. This process of reshaping SDG 4.2.1 in a way
that enables feasible measurement reflects the challenges in identifying or developing a single
population level measure that can address the needs originally set out by the indicator.5? % That

is, a measure that captures development among children from birth to five years.
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Against this background, the age range of 3 to 5 years was selected as the focus when reviewing
holistic population measures of child development in this thesis for several reasons. Measures
designed to capture children’s development in the first few years of life (i.e., 0 to 2 years) are
focused on mastery of developmental milestones and are typically implemented to screen for
delay, rather than holistic population monitoring (though there are recently developed
exceptions for use in LMICs® %), Measures designed for use among school-aged children (i.e.,
6 years and above) tend to focus on assessment of the skills acquired through education (e.g.,
literacy and numeracy) and thus typically are not holistic in terms of the domains they capture.
Further, an important consideration for population measurement is feasibility (see Section
1.2.6). This includes consideration of how measures can be implemented in a way that allows
access to all children in the age range of focus (if using a census approach), or a representative
sample of children (if using a sampling approach). For instance, in many countries, preschool
(the year before primary school, typically 4 to 5 years dependent on country) is a feasible
population capture point as most children attend. Collecting population data for younger
children is often more difficult due to lack of a feasible and pragmatic touch point between

child and maternal health services in early infancy and preschool at age 4 to 5 years.

Below, instruments identified through the review are presented in chronological order from
time of development, including a description of their purpose, target age range, domains

measured, administration methods, and utilisation (see Table 1.2 for an overview).
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Table 1.2. Overview of existing population measures of early childhood development

Instrument  Age range Domains measured Administration Completion time  Fees Adaptable

EDI 3-6 years  Physical health and wellbeing, social Teacher report 15 minutes Yes Yes (limited)
competence, emotional maturity,
language and cognitive
development, and communication
skills and general knowledge

MICS ECDI 3-4 years  Literacy and numeracy, social- Caregiver report <2 minutes No No
emotional, approaches to learning,
and physical development

EAP-ECDS 3-5years  Cognitive, language, motor, socio- Direct assessment > 60 minutes Yes No
emotional development, health, (LF), 45 minutes
cultural knowledge, and approaches (SF)
to learning

IDELA 3-6 years  Emergent language and literacy, Direct assessment 35 minutes No Yes (limited)

emergent numeracy, motor
development, social-emotional

development
MELQO 3-6 years  Literacy, numeracy, socio- Direct assessment, 25 minutes (DA), No Yes
MODEL emotional, executive function, and caregiver report, 25 minutes (CR),
fine motor skills teacher report 15 minutes (TR)
AIM-ECD  4-6years Early literacy, early numeracy, Caregiver report, 3 minutes (CR), No No
executive functioning, and social- direct assessment 30 minutes (DA)

emotional competencies
Note. EDI = Early Development Instrument, MICS = Multiple Cluster Indicator Survey, ECDI = Early Child Development Index, EAP-ECDS = East Asia Pacific
Early Child Development Scales, IDELA = International Development and Early Learning Assessment, MELQO = Measuring Early Learning and Quality
Outcomes, MODEL = Measure of Development and Early Learning, AIM-ECD = Anchor Items for Measuring Early Childhood Development, DA = direct
assessment, CR= caregiver report, TR = teacher report, LF = long form, SF = short form. Completion time of AIM-ECD estimated by authors of the instrument
(i.e., actual completion time has not been published).®
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Early Development Instrument (EDI)

Established in 2000, the Canadian-developed Early Development Instrument (EDI) described
earlier represents the first effort to measure children’s holistic development at a population
level. Designed for use among children aged 3 to 6 years, the instrument includes about 100
items that measure development across five domains including physical health and wellbeing,
emotional maturity, social competence, language and cognitive development, and
communication skills and general knowledge.’* > Domains include a combination of binary
items as well as 3-point response scales (e.g., poor/very poor to good/very good). The EDI has
been implemented across individual provinces in Canada via a community-led approach.®’
Kindergarten teachers complete the instrument for each child in their class, which takes about
15 minutes per child. Aggregated results report the percentage of children who are classified
to be vulnerable, at risk, or on track in their development, on domains as well as overall, at
either the school, community, or provincial level. The EDI is a copyrighted instrument and
therefore has costs associated with its use, for licensing and scoring, as well as assistance with
adaptation, with all country adaptations requiring maintenance of core items.®® Several
adaptations have been carried out and the EDI has been used across more than 20 countries,
including the United States, Indonesia, Vietnam, and, Australia, whereby the EDI is

implemented nationally every three years as a census of early childhood development.®

Early Child Development Index (ECDI)

The most widely utilised population measure of early childhood development is the Early Child
Development Index (ECDI), implemented since 2009 as part of UNICEF’s Multiple Indicator
Cluster Survey (MICS).%>7° The ECDI includes a set of simple indicators designed to generate
nationally representative, globally comparable data on early childhood development. For this
reason, these indicators are not adapted across countries. The tool includes 10 binary (yes/no)

items that capture key developmental milestones for children aged 3-4 years. Caregivers rate
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their child’s behaviour on four domains of development: literacy and numeracy, social-
emotional, approaches to learning, and physical development. Children are classified as
developmentally on track on each domain, and if on track on three out of the four domains,
they are considered developmentally on track overall.”’ The ECDI has been implemented in
more than 80 countries, including LMICs, through the MICS as well as other national

household surveys throughout the past decade.”® !

With ratification of the SDGs in 2015, the ECDI was proposed as the measure for tracking
progress against Indicator 4.2.1 focused on the development of children aged 24 to 59 months
in health, learning, and psychosocial wellbeing. However, the tool required revision to
adequately capture the domains and age range specified by this indicator, which led to
development of the ECDI20130.7>74 The ECDI2030 includes 20 items that, together, determine
the percentage of children aged 24 to 59 months developmentally on track in three domains:
health, learning, and psychosocial well-being. Administered using the same method as the
ECDI, most items are binary (yes/no), while some of the psychosocial wellbeing items include
a 5-point response scale (e.g., how often children exhibit a behaviour, from daily to never).
Since recognition of the ECDI2030 as the measure for global monitoring on SDG 4.2.1 in 2019,
integration of the tool into national surveys commenced, with the ECDI2030 deemed a standard

inclusion in the MICS7 from 2023 onward.”> 7¢

East Asia-Pacific Early Child Development Scales (EAP-ECDS)

The East Asia-Pacific Early Child Development Scales (EAP-ECDS) were developed in 2010
with support from UNICEF, the Asia-Pacific Regional Network for Early Childhood
(ARNEC), and the Open Society Foundations. There existed no measure that considered the
cultural and contextual diversity within and across the East Asia-Pacific, and so the EAP-ECDS
was developed to provide a culturally relevant assessment of children’s development in the

region.”” The EAP-ECDS is a direct assessment of holistic development, designed for use
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among children aged 3 to 5 years at a population level. The scales include 85 items, covering
domains including cognitive, language, motor, and socio-emotional development, health,
cultural knowledge, and approaches to learning.”® Assessments are conducted in individual
face-to-face sessions by assessors (e.g., teachers, program staff) trained in the use of the tool.
Considering the time required to complete the tool (over 60 minutes), a short form was
developed in 2016/17. The EAP-ECDS short form is implemented in the same way and
captures the same developmental domains as the long form, through administration of 33 items
which typically takes 45 minutes to complete.”%° For both long and short forms, scores across
domains as well as an overall score can be reported. Use of the scales requires paid training,
adaptation, and technical support, as well as data analysis and dissemination support by
members of the EAP-ECDS team. The EAP-ECDS short form was first implemented in
Myanmar in 2017 and both forms are available for use among nationally representative samples

with a focus on informing policy for child development.”’

International Development and Early Learning Assessment (IDELA)

Developed by Save the Children in 2011, the International Development and Early Learning
Assessment (IDELA) is a population level, play-based direct assessment tool designed to
measure holistic learning and development among children aged 3 to 6 years.’! The IDELA
was developed to support early years program evaluation and improvement in Save the
Children sites (primarily LMIC settings), and provide evidence regarding children’s learning
and development across countries to promote best practice in early childhood education and
care. The tool is comprised of 22 items/tasks in four domains: emergent language and literacy,
emergent numeracy, motor, and social-emotional development. Additionally, optional items
can be used together with this core set, covering domains such as executive function, learning
approaches, and health and hygiene.?! Assessment is undertaken by trained assessors which

takes approximately 35 minutes for each child. Scores for each domain, as well as a total score
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(combines all core domains) can be reported. The IDELA toolkit, including training and
assessment materials, as well as resources to support analysis and dissemination, are available
to any organisation for free, given partner registration which requires sharing of data collected,
translated and adapted materials and so on. The IDELA is thus a global, open-access tool,
designed to be implemented across culturally diverse settings. It is recommended the tool
should be adapted (i.e., rephrasing or rewording of items) before use in a new setting to ensure
children’s understanding of items. The IDELA has been used in almost 80 countries for

program evaluation, multi-sectoral studies, and national monitoring.®!- 82

Measurement of Early Learning and Quality Qutcomes (MELQQ)

Developed in 2014, the Measuring Early Learning and Outcomes (MELQO) initiative was
created through partnership among the Brookings Institution, the World Bank, UNICEF, and
United Nations Educational, Scientific and Cultural Organization (UNESCO), with the aim of
facilitating measurement of children’s early learning and development in LMICs. MELQO
includes two modules: (i) the Measure of Development and Early Learning (MODEL; a child-
direct assessment and teacher/caregiver interview), and (ii) the Measure of Early Learning
Environments (MELE; a classroom observation instrument and head teacher and teacher
interviews).% Modules were designed for use at the population level to provide data that inform
early childhood development policy across countries. Further, MELQO tools were intended to
be culturally adapted and aligned with national standards prior to implementation in any new
context. In this way, the initiative seeks to produce globally comparable data while also

incorporating locally relevant measurement to be used for program evaluation.’* 8

Specifically, the MODEL direct assessment was designed for use among children aged 4 to 6
years and captures children’s early literacy, early numeracy, social-emotional development,
and executive function. Accompanying caregiver and teacher surveys collect information

regarding children’s behaviour and learning at home and school. While the MODEL is
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unlicensed and therefore free to use, training of staff to administer the tool/s is required to be
led by an accredited individual (i.e., someone who has undertaken master training with the
MELQO team). Paid support with adaptation is also available. MODEL results can be reported
as domain scores as well as overall scores, or item level reporting according to national
standards (e.g. if a child can write their name).*® Since its development, the MODEL has been

used in several LMICs including Kenya, Tanzania, Lao PDR, Ethiopia, and Pakistan 3% 86:87

Anchor Items for Measuring Early Childhood Development (AIM-ECD)

The World Bank’s Anchor Items for Measuring Early Childhood Development (AIM-ECD)
was most recently developed in 2021. AIM-ECD is a core set of items that measure early
childhood development among children aged 4 to 6 years.*® Core items were identified through
a process of analysing data from existing measures of child development from across 12 LMICs
to identify items with robust psychometric properties (i.e. reliable and valid) across diverse
settings. AIM-ECD includes 20 caregiver report items and 84 direct assessment items spanning
domains including early literacy, early numeracy, executive functioning, and social-emotional
competencies.®® The AIM-ECD, focused on the 4-to-6-year-old age range, is intended to be
used alongside global measures including the Global Scale for Early Development (GSED; 0
to 2 years)®* and the ECDI20307% (2 to 4 years). While details regarding initial implementations
of the AIM-ECD are not yet publicly available, authors of the tool have described that the
addition of data and items from other measures to further develop the tool, as well as field
testing are among next steps for the measure.® It is envisioned that freely available items as
well as training, data collection, analysis, dissemination materials (currently under
development), will serve as a starting point for linkage across different measurement tools and

facilitation of scale up of early childhood measurement globally.5¢ 88

A common feature of all measures described is that they were designed through a process that

involved drawing on existing tools. For instance, the IDELA was created using items drawn
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from the ASQ, Bayley Scales, and the EDI, among other tools.®! Similarly, both the ECDI and
MELQO MODEL were developed through drawing items from the EDI, among other tools.””
87 Indeed, creation of many child development measurement tools has taken an approach that
incorporates identifying items working well (i.e., psychometrically robust) in a particular
setting/s, and then using these (with or without additional items) to achieve a different purpose

(e.g., expand measurement to additional domains, or in a different country/region).

In addition to measuring children’s development, many of these tools also collect information
on aspects such as physical health and nutrition (e.g., anthropometrics) and early learning
opportunities (early childhood education, the home learning environment), in line with the
Nurturing Care Framework.> In doing so, measures seek to capture various inputs for children’s
development, which can be used to investigate the mechanisms working to promote

development, as well as how outcomes could be improved through intervention on such inputs.

1.2.6 Limitations of existing population measurement approaches

There are several population level tools currently used for a range of purposes in various
countries and world regions. As Fernald and colleagues?’ discuss, though many early childhood
development measures work well in different settings for different purposes, no tool meets all
criteria of an ideal measure. Rather, the selection of any assessment requires a compromise
among different priorities and measurement ideals, determined by the purpose of measurement
(e.g., population monitoring, program evaluation), the age range of target children, and any

financial and logistical constraints which are often present in LMICs.

This sentiment is applicable to the existing population measures described. That is, various
characteristics of instruments currently in use, including their costs, the training required prior
to administration, the time they take to administer, how they are administered (e.g., direct

assessment adult report), the aspects or domains of development they capture, their sensitivity
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to capturing variation in children’s abilities, and their applicability across diverse settings, all
constitute significant barriers to their utilisation in low resource settings. These limitations are

described below, highlighting some of the key challenges in using existing instruments.

Feasible for use at scale

A population measure of early childhood development needs to be cost-effective for use at
scale, therefore fees to use the tool (including licensing, training, data analysis, and
dissemination of results), the level of administrator training required, and administration time

must all be minimal.?’

For example, licensing costs of the EDI payable to instrument creators
or costs associated with having EAP-ECDS team members travel to a country to provide
training and implementation support, present a significant financial investment and does not
deem these measures feasible for use at a large scale in low resource settings. Administration
method is also an important consideration. For instance, while direct assessment measures are
typically argued to produce scores with less bias than those through adult report measures®’,

they require highly trained staff to administer measurement, are more time consuming to

conduct, more costly to implement, and thus are not feasible for use across large populations.”®

Sensitive to variation in children’s development

Although adult report measures are generally more cost-effective as they are quick and simple
to administer and do not require developmental expertise’!, often such tools are based on
developmental milestones with a pass or fail outcome, lacking the sensitivity required to
adequately detect variations in children’s development, as well as changes in development over
time.”? Population measures should cover a range of domains to capture children’s holistic
development, as well as levels of ability, from low to high, as is appropriate to the target age
range. This intends to ensure scores on a measure have the sensitivity to detect both variation
in development between children, as well as shifts in patterns of capabilities among cohorts of

children over time, which is an essential aspect of population monitoring for informing policy
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and targeting supports.”* °* For instance, to ensure feasibility for use at scale, the original MICS
ECDI relies on a short set of 10 items designed to identify broad trends in children’s
development across four domains (literacy and numeracy, social-emotional, approaches to
learning, and physical development). As a result, the instrument captures limited information
within these domains of development which hinders its ability to generate meaningful

information required to inform directing of investments in promoting children’s outcomes.?

Culturally adaptable and locally relevant

The measurement of holistic child development is complex as it is influenced by culture,
language, and theory, and thus the concept of what good child development looks like, when it
emerges, and how it is valued, will vary across contexts.”* *> As a result, there are few
internationally accepted measures of early childhood development. This is most often due to
concerns that tools developed for use in high income countries are not appropriate for use in
LMICs due to differences in culture and context and thus early learning frameworks, as well
as a lack of consensus regarding the constructs of development to be measured.”® This has been
an ongoing challenge in the child development field, as the majority of research has been
conducted in high income countries, leaving significant gaps in knowledge regarding the state

of children’s development, as well as measurement approaches, in diverse LMICs.?% %3

Although tools that produce internationally comparable results allow for population monitoring
across countries, such instruments are often not well aligned with local culture, context, or
early learning and development frameworks, and thus the information they produce tends to
have limited utility locally.”® For instance, the MICS ECDI does not enable countries to adapt
or align the global set of items to local expectations for children’s development, which reduces
relevance to local policy and practice.”” A measure of early childhood development should
reflect the capabilities considered to be important in any given cultural or national framework,

as well as be culturally appropriate in terms of administration method and materials.”® Thus,
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tools should be adaptable across diverse cultures and contexts so that they not only accurately
reflect children’s abilities, but also capture locally-relevant and culturally-influenced aspects

of development to inform local policy and practice.”**’

These ideal criteria for population measures are in addition to an instrument being
psychometrically robust (i.e., reliable and valid).”® Evidently, there is need for a solution to
measuring early childhood development that is better aligned with population level
measurement ideals, particularly in diverse, low resource settings. It was against this

background that the early Human Capability Index (eHCI) was developed.

1.2.7 The early Human Capability Index

Initiated by the World Bank in 2014, the Pacific Early Age Readiness and Learning (PEARL)
Program aimed to pilot interventions to promote children’s school readiness and early literacy,
sharing learnings to support children and their families across Pacific Island Countries.” %
Impact evaluation of the PEARL Program in Tonga required an early childhood development
measurement instrument that captured holistic development, was sensitive to changes in
children’s development over time to determine effects of the program, was free, quick and easy
to implement at a population level, and was applicable to the Tongan culture and context.”” No

existing tool met these requirements, and so the eHCI was developed to facilitate program

evaluation via population monitoring of early childhood development.

Designed to capture holistic development among children aged 3 to 5 years, the eHCI was
developed with the vision of being feasible for large-scale use in low resource settings, while
having the sensitivity to detect variation in children’s development and capture change in
development over time.” The tool was intended to be adapted to local cultures and contexts
for purposes including population monitoring, evaluation of early years policies and programs,

and longitudinal studies seeking to predict children’s future capabilities.”
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The eHCI and its supporting materials are available for anyone to use free of charge, without
licensing, training, or data analysis fees.!”! As described by creators on the eHCI website, the
tool requires minimal administrator training and can be completed by an adult familiar with the
child (e.g., caregiver, preschool teacher, health professional) in approximately 10 minutes.
Thus, the eHCI offers a pragmatic, efficient, and affordable solution to measuring early
childhood development across large populations. Designed through a comprehensive process
of local expert consultation together with existing theoretical conceptualisations, the
instrument measures nine domains of development: Physical Health, Verbal Communication,
Cultural Knowledge, Social and Emotional Skills, Perseverance, Approaches to Learning,
Numeracy, Reading, and Writing.”” Figure 1.2 provides an example of items in each domain,
and the full instrument is presented in Paper 1 supplementary materials (Chapter 3). The eHCI
captures both positive and negative aspects of how a child is developing, allowing for a holistic
approach rather than a focus on pathology or developmental delay, as is the case with a
screening or diagnostic assessment tool. In this way, the eHCI places children on a
developmental continuum, from poor to optimal development, which seeks to maximise

sensitivity to detect changes in development over time and/or through intervention.

Overall, the eHCI was created with the goal of overcoming challenges of other available
measures of children’s early development. Not all instruments included in the review presented
above were available at the time the eHCI was developed. Figure 1.3 presents a timeline of the
development of tools, including the eHCI. The tool has since been adapted for use in diverse
contexts and implemented to support various early childhood health, development, and

education projects across several LMICs (see Figure 1.4).%% 102107
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Figure 1.2. eHCI domains and example items
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Figure 1.3. Timeline of development of population measures of early childhood development
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Figure 1.4. Map of countries in which the eHCI has been implemented

101

Note. Information sourced from the eHCI website'’! as well as the instrument’s creator.
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For instance, after the eHCI was developed for use in Tonga, it was adapted to the local context
in several additional Pacific Island Countries including Kiribati, Samoa, and Tuvalu. The eHCI
was then implemented as a national census of children’s development in these countries, as
part of the World Bank PEARL Program, establishing a baseline of early childhood
development with information used to guide early years policies and programs.'°® Another
example includes adaptation of the eHCI to Lao People’s Democratic Republic (PDR). This
adaptation sought to measure impact of the World Bank Early Childhood Education Project; a
large-scale randomised control trial that aimed to increase access to quality early childhood
education and improve the development of children living in disadvantaged villages.!”> The
eHCI was implemented across the study population at three time points over a five-year period,

to capture change in children’s development as a result of project interventions.

With the eHCI adapted for use in multiple countries and data collected at several time points
across diverse settings, the next step in the tool’s ongoing process of development is the
investigation of its psychometric properties. A measure must be reliable and valid; reliable in
that the instrument produces consistent scores across similar measurement conditions, and
valid in that the scores the tool produces reflect the constructs of development that it was
designed to measure. An instrument measuring early childhood development that lacks in
reliability and validity could produce biased scores and lead to ill-informed policy and program
decisions. Thus, evaluating the psychometric properties of a measurement tool is fundamental
for its future utilisation and effectiveness.”® There are a range of aspects of reliability and
validity that need to be established in order to constitute a psychometrically robust measure
(Section 1.2.7 presents a detailed description). Adaptation of the eHCI in each new context was
informed by a combination of both theoretical conceptualisation as well as local expert
consultation. Therefore, while content and face validity were established in each setting,

comprehensive investigation of the reliability and validity of the eHCI was yet to be explored.
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The research presented in this thesis sought to undertake this process of investigation with the
aim of producing evidence to establish the reliability and validity of the tool. An instrument
with the properties of the eHCI that is psychometrically robust across diverse settings could
better enable population level measurement and monitoring of children’s development, as is

required for tracking against SDG 4.2, particularly in low resource settings.

1.2.8 Reliability and validity

This chapter has outlined the opportunities generated by population level child development
data for informing policy and supports to ensure all children thrive. However, these
opportunities can be realised only when data collected are reliable and valid, and thus
accurately capture children’s abilities. This section describes aspects of reliability and validity

required to ensure a measure of early childhood development is psychometrically robust.

Exploring the psychometric properties of a tool designed for use at a population level bring
together disciplines of psychology and public health. Psychometrics, a research discipline
concerned with measurement of latent constructs that cannot be directly observed (e.g.,
intelligence, personality etc), has included development of several measurement theories
including classical test theory and item response theory (a type of modern test theory).!” The
purpose of this section is not to comprehensively describe such theories, their assumptions, and
key concepts. Rather, this section seeks to provide a description of the most common forms of
reliability and validity that need to be established for a population measure of children’s early
development, based on existing literature in the field. Descriptions below include examples, as

relevant to this thesis, to provide background to the research questions to follow.

Reliability
Reliability refers to a measure’s consistency in producing scores across time (test-retest

reliability), items (internal reliability/consistency), and respondents (inter-rater reliability).''%
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""I'While reliability alone is not sufficient in ensuring a measure produces scores that accurately

reflect true ability, it is a necessary component of a psychometrically robust measure.

Test-retest reliability is an indicator of how consistent a measurement score is over time (given
the construct measured is considered to be stable over this period).!'? For instance, if the same
developmental test is administered to a child several times within the period of a month, a
measure with test-retest reliability would produce highly correlated scores on each testing
occasion. Internal reliability/consistency refers to consistency of an individual’s responses
across items in a multiple-item measure.!!® Typically, all items in a measure or scale seek to
capture the same underlying construct, so an individual’s scores across items should be related.
For example, a child’s responses to five items in a scale measuring literacy should be highly
correlated with one another, which would indicate the items capture the same construct and
thus the scale demonstrates internal consistency. Inter-rater reliability tests the extent to which
an individual’s scores on a tool are consistent across different administrators or respondents
(e.g., teacher, caregiver).''* For instance, if two different respondents complete a direct
assessment with the same child, a measure with good inter-rater reliability would produce

highly correlated scores for the child across both administrators.

Validity

Validity refers to the extent to which the scores produced by a measure accurately reflect the
attributes or constructs the tool was designed to measure.!'* !> While definitions of different
aspects of validity can vary across disciplines, validity can typically be described in four

categories including face validity, content validity, construct validity, and criterion validity.

Face validity is the extent to which a measure appears, at face value, to measure the aspects
the tool was designed to measure.!!® For instance, a measure designed to assess children’s early

numeracy skills would be expected to include items about numerical concepts and simple
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mathematical problems. Similarly, content validity refers to when a measure comprehensively
captures all aspects that form the construct of interest.!!” For example, a measure designed to
assess children’s language development would be considered to have good content validity if
it captured both receptive and expressive language abilities. Unlike other types of validity (as
well as aspects of reliability summarised), face and content validity are not typically tested
statistically. Rather, they are generally explored through consultation with content experts as

well as alignment with the theoretical conceptualisation of the construct being measured.

Construct validity is evident when scores on a measure are consistent with theoretical
expectations of the construct it was designed to measure.!!” These expectations can be
established in several ways, including through exploring the internal factor structure (i.e.,
developmental domains) of the measure in observed data and how this aligns with theoretical
conceptualisations of the tool, relationships between responses to different items/scales on the
tool, and relationships between scores on the tool and measures of other constructs. Construct
validity is often described as an overarching concept, with other forms of validity (including

convergent, divergent, and discriminant validity) providing evidence for construct validity.''®

Convergent validity refers to how closely related a measure (or scale) is to other
measures/scales of similar constructs.!!® It posits that a measure accurately reflects a construct
(e.g. social and emotional skills) if it correlates highly with other measures of similar
constructs. In contrast, divergent validity is evident when a measure/scale is not highly
correlated to other measures/scales of different or conceptually unrelated constructs.'!'* Both
convergent and divergent validity can be established by examining correlations among scales
within the measure of focus, or that between the measure of focus and an additional, separate
measure. For example, a holistic measure of children’s development with convergent validity
would show stronger correlations between aspects of development that are more conceptually

related (e.g., literacy and numeracy scales), and demonstrate divergent validity through weaker
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correlations between aspects of development that are less conceptually related according to

theory (e.g., social emotional skills and motor development).

Divergent validity, as per the definition provided above, is often also referred to as discriminant
validity. However, in this thesis the term discriminant validity is used to refer to a measure’s
ability to produce scores that differ according to participant characteristics, such as age and
sex, as theoretically expected. For instance, children’s age has a strong association with
development, therefore a measure of child development would be expected to discriminate
between children of different ages, with younger children scoring lower on average, and older
children scoring higher. This provides additional evidence of construct validity in that it

examines if an instrument is capturing what it was designed to measure.

Finally, criterion validity refers to the extent to which an individual’s score on a measure is
related with other measures or variables (i.e., criteria) as theoretically expected.'?* Typically,
criterion measures are expected to have established reliability and validity and therefore intend
to serve as a “gold standard” measurement of the construct. When the criterion is measured at
the same time as the instrument of focus, criterion validity is referred to as concurrent validity.
For example, a measure of children’s motor development with concurrent validity would have
scores that are closely related to results from a paediatric screen of the child’s developmental
milestones such as crawling and picking up objects. When the criterion is measured at a time
point after the construct has been measured, criterion validity is referred to as predictive
validity. For instance, a measure of children’s early literacy skills with predictive validity

would have scores that predict later outcomes on reading ability in primary school.

1.3 Research aims

The overarching aim of this thesis was to investigate the psychometric properties of the eHCI

within various LMICs. To do so, pre-existing data collected using the eHCI among children
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aged 2 to 6 years in seven countries throughout 2013 to 2020, including Brazil, China, Kiribati,
Lao PDR, Samoa, Tonga, and Tuvalu, was utilised. Various steps in the validation process

were conducted through exploring three research questions:

1. Does the eHCI measure the same underlying constructs (i.e., developmental domains)
in seven LMICs, given the necessary local adaptation of the instrument in each country?

2. Does the eHCI have adequate validity, and does this vary across seven LMICs?

3. Does the eHCI measured at 2 to 5 years have predictive validity for children’s cognitive

development (i.e., literacy, numeracy, and executive function) at 6 to 9 years?

Additionally, this thesis sought to explore whether the eHCI was able to achieve the
measurement ideal of having the sensitivity required to adequately detect variations in
children’s development; a limitation of many existing population measures of early childhood

development. A fourth research question was focused on this aim, as follows:

4. Are scores on the eHCI sensitive to the quality of early education children attend?

Investigation of these research questions seek to advance understanding of how the eHCI can

be used to facilitate population measurement of early childhood development in future.

1.4 Chapter conclusion

This chapter summarised the background against which the eHCI was developed, highlighting
the need for a more pragmatic solution to population level measurement of early childhood
development in LMICs. Against this background, the overarching aims and specific research
questions of this thesis were outlined. The following chapter summarises the methodology that

was applied to explore the research questions this thesis set out to investigate.
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Chapter 2: Methodology

2.1 Chapter outline

This chapter describes the methodological approaches employed throughout this thesis. Given
it is a thesis by publication, there is some overlap in the details presented in this chapter with
those in the methods sections of papers in Chapters 3 to 6. This chapter first provides an
overview of data sources across countries and measures utilised. It then focuses on
methodological approaches employed, describing rationale for approaches selected in research
studies and how they were undertaken. This chapter also includes discussion of how methods

conducted address research questions and contribute to the overarching aims of this thesis.

2.2 Data sources

Pre-existing data, collected in seven LMICs throughout 2013-2020 were utilised. Research
settings included seven countries, predominantly across the East Asia and Pacific region. Data
were collected using different sampling techniques and collection methods, as summarised in
Table 2.1. Datasets used were primarily cross-sectional, with one longitudinal dataset from Lao
PDR. Children in the majority of country samples ranged in age from 2 to 6 years?, with the
longitudinal dataset including children up to 9-years-old at follow up. All datasets included the
eHCI as an indicator of early childhood development, together with other child, caregiver,

household, and village level variables which differed across countries (see Section 2.3).

Data were originally collected as part of four independent projects funded for program

evaluation and population monitoring endeavours by local, national, and international agencies

2 While the eHCI was designed for use among children aged 3 to 5 years, existing projects that utilised the
instrument often included a broader age range of children to achieve project objectives. For this reason, eHCI data
among children aged 2 to 6 years was available and utilised throughout this thesis.
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to support children’s health, development, and education. The following sections provide brief
contextual information regarding each country and original projects for which data were
collected, including their aims and implementation of the eHCI, to provide this background

information prior to describing the specific measures and methods used throughout this thesis.

2.2.1 Brazil

Brazil is the world’s fifth most populous country, occupying a large area on the eastern coast
of South America. Classified as an upper middle-income country, in 2020, Brazil had a
population of approximately 213 million and Gross National Income (GNI) per capita was
USD7850.!2! Early childhood education is a constitutional right for children in Brazil, with
municipalities responsible for service provision. Children aged 0-3 years attend day care
centres and children aged 4 to 6 attend preschool. While not mandatory, both are recognised as
educational institutions.'?> Government spending on education has increased in recent years
(approximately 6% Gross Domestic Product (GDP) in 2018). As a result, almost all children

accessed pre-primary education in 2020, with a gross enrolment ratio of 95%.!!

Led by researchers at the University of Sao Paulo, a project was undertaken with the aim of
enabling school-based population monitoring of early childhood development.'* It was
intended that such monitoring would provide information regarding children who were not
developmentally on track across populations (i.e., classes, schools), as well as evaluate impacts
of early years health and education programs. In 2015, the eHCI underwent local translation
and adaptation and was piloted among children attending public schools in a city in Southern
Brazil (n = 1,810). Data were collected from kindergarten (i.e., preschool) teachers to pilot the
tool and test reliability and validity in the Brazilian context, but also to explore feasibility of
the eHCI for large-scale implementation within a school setting. Resulting data were used to

develop a short form of the instrument and undertake further psychometric testing.!?’
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2.2.2 China

Situated in East Asia, China is the world’s most populous country, accounting for
approximately an eighth of the world’s population under the age of five. Classified as an upper
middle-income country, in 2020, China’s population was approximately 1.4 billion and the
GNI was USD10550 per capita.'?! There are three key forms of early childhood education in
China, including nursery, kindergarten, and pre-primary classes. In 2018, government
expenditure on education represented about 4% of GDP, and the pre-primary gross enrolment
ratio was 90% in 2020.'?! Despite this, there are great inequalities in access to early education
among children living in rural versus urban areas, with access as high as 98% in some urban

areas and as low as 30% in some poor, rural areas.'?*

In 2015, the eHCI was translated and adapted for use in rural China. Led by the China
Development Research Foundation, data collection was undertaken in two of China’s Northern
provinces'®, which were selected on the basis of pre-existing preschool programs in these
areas. Data collection sought to explore inequalities in children’s development across different
population groups and establish a baseline of children’s development in these provinces, prior
to implementation of further early years interventions including the OneSky program.
Respondents included a combination of children’s caregivers and teachers. These initial data
collection efforts (n = 11,421), which constitute the data that have been utilised in this thesis,
demonstrated feasibility of use of the tool at scale in China. The eHCI has since been employed
to collect information on more than 200,000 children across both rural and urban settings in

China for various population monitoring and program evaluation endeavours.'?

2.2.3 Lao PDR

A landlocked country in Southeast Asia, in 2020 the population of Lao PDR was approximately

7.3 million and the GNI was USD2520 per capita.'?! As one of the fastest growing economies
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in East Asia and the Pacific, Lao PDR recently moved to lower middle-income classification.
However, there exist significant health, education, and economic disparities between different
ethnicities and geographies.'?¢ Prominent early childhood education programs provided by the
government include kindergarten and pre-primary targeting children aged 3-5, prior to
compulsory primary education. In 2014, government expenditure on education was

approximately 3% and in 2020, the pre-primary gross enrolment ratio was about 49%.'?!

The World Bank Early Childhood Education Project (herein ECE Project) aimed to increase
access to quality early childhood education (ECE) services among children aged 3 to 5 years
in Lao People’s Democratic Republic (PDR).!?” The project was implemented by the
Government of Lao PDR in almost 400 villages across five northern provinces. Project
interventions included three components designed to increase demand for, coverage, and
quality of ECE, as well as strengthening monitoring and evaluation in the early childhood
sector. Three clustered randomised control trials were employed to evaluate the impact of
interventions on children’s development over a four-year period.'? Data were collected at three
time points throughout 2015 to 2020, two of which were included in the studies presented in
this thesis; baseline in 2015/6 (n = 7,493) and endline in 2020 (n = 13,896). Endline data
collection included follow up of children from baseline, as well as data collection among a new
cohort of children aged 2 to 6 years.!?® Data collection utilised various measurement tools and
respondents including village head, household head, and caregiver questionnaires (including

the eHCI), a child direct assessment, and an ECE classroom observation measure.

2.2.4 Pacific Island Countries

Kiribati
Comprised of 33 coral atolls in the Central Pacific, the population in Kiribati was

approximately 119,000 in 2020'?!. Classified as a lower middle-income country, the GNI in
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2020 was USD2960 per capita.'?! Kiribati is one of the world’s nations most vulnerable to
rising sea levels as a result of climate change. Early childhood education in Kiribati was
recently formalised in 2017, with preschool services provided by the non-government sector
including churches and community groups, predominantly for children aged five years. In
2020, the pre-primary gross enrolment ratio was 89%.'?! Government expenditure on education
represented 12% of the country’s GDP in 2019'%!, and this is reflected in that the first nine

years of education in Kiribati are free and compulsory.!?’

Samoa

Samoa is comprised of two main islands in the South Pacific. In 2020, Samoa’s population was
approximately 198,000 and the GNI was USD4050 per capita.'?! Classified as a lower middle-
income country, Samoa has experienced less frequent natural disasters relative to other Pacific
Island Countries, though has been devastated by significant economic and social shocks
resulting from previous weather events. In 2020, government expenditure on education
represented 5% of Samoa’s GDP.'?! Early childhood education is provided primarily for
children aged 3 to 4 years (with 2-year-old children also eligible to attend) by non-government
organisations including churches and other organisations.'*° In 2019, the pre-primary gross

enrolment ratio in Samoa was 41%.!2!

Tonga

Tonga is an archipelago of more than 170 South Pacific islands, 36 of which are inhabited. In
2020, the population in Tonga was 106,000, with 70% residing on the main island (Tongatapu).
Tonga is an upper middle-income country, and in 2020, had a GNI of USD5190 per capita.
Like many Pacific Island Countries, emigration out of Tonga is high with remittances
accounting for almost 40% of GDP."*! In 2020, the Education Act was revised to include early
childhood education (primarily provided by non-government organisations including churches

and community groups) for children aged 4-5 in the compulsory education system.!'*?
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Government expenditure on education in 2019 was 8% of GDP, and in 2020, the pre-primary

gross enrolment ratio in Tonga was 48%.

Tuvalu

Situated in the South Pacific, Tuvalu comprises 9 small islands totalling just 26 square
kilometres. In 2020 the population of Tuvalu was approximately 12,000'?!, with a third of the
population under 15 years of age. While Tuvalu is classified as an upper middle-income
country, it is considered one of the most economically vulnerable countries globally'** due to
limited resources as well as risk of adverse impacts of climate change and extreme weather
events. Primary and secondary education is free and compulsory, with preschool provided by
church, community, and private organisations for children under 6 years of age. The education
sector in Tuvalu receives the largest proportion of the national budget (18% in 2019)®. In 2020,

the pre-primary gross enrolment ratio was 79%.'%!

Initiated by the World Bank in 2014, the Pacific Early Age Readiness and Learning (PEARL)
Program supported capacity building to design, implement, and monitor evidence-based
policies and programs that prepare children and families for school.”” 1%° Measurement of child
development, among other aspects, and the design of interventions to improve these outcomes
were supported in Kiribati, Samoa, Tonga, and Tuvalu. Across countries, a census approach to
measuring children’s development was employed, using the eHCI to collect information for
every child aged 3 to 5 years nationally. This was enabled through a combination of teacher
and caregiver reported information. In Tonga, data collection was designed to establish a
baseline of children’s development and evaluate the impact of project interventions. A census

of children’s development was conducted in 2013/14 across Tonga’s 54 inhabited islands (n =

b Recent government expenditure (since 1997) on education as a proportion of country’s GDP was not available
in Tuvalu. Proportion of the national budget allocated to the education sector has been described in place of this.
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6,214), from which data are utilised in this thesis, with a repeat census in 2017 indicating
positive impacts on school readiness. In Kiribati (n = 8,339), Samoa (n =12,191), and Tuvalu
(n = 549), data collection sought to understand the current status of children’s health and
development. For instance, in 2015, Tuvalu implemented the eHCI census across all nine
islands. Results informed health and development supports, with repeat data collection in future
intended to enable monitoring and evaluation.!® Samples from these additional three

collections were also utilised throughout this thesis.

2.2.5 Data access and ethics approval

Access to data sources was existing through the roles of researchers Sincovich and Brinkman
in the adaptation of the eHCI in the seven countries described. Approval to use data was granted
by data custodians within each country, including the University of Sao Paulo (Brazil); the
China Development Research Foundation (China); and the World Bank (Lao PDR and Pacific
Island Countries including Kiribati, Tonga, Tuvalu, and Tonga). Approval was granted to use
data for the purposes of exploring the reliability and validity of the eHCI within and across

countries, with results to be published within this thesis as well as academic journals.

Research activities undertaken for this thesis included secondary analyses of pre-existing, de-
identified data and thus were deemed exempt from requiring ethical review by the University

of Adelaide Human Research Ethics Committee (see Appendix A).
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Country Year Research design Sampling technique Respondents  Age range Sample
le; children fi 11 37 publi Preschool
Brazil 2015 Cross-sectional Sample; chi r en‘ roma bt 1c‘ FESEnen 2-5 years 1,810
schools one city in Southwest Brazil teachers
Sample; children from two provinces Preschool
China 2015/16 Cross-sectional pre; ) P teachers & 2-6 years 11,421
across Northern China )
caregivers
. . . 2-6 years
2015/16 (BL); o Sample; children from 376 villages in . 7,493 (BL);
Lao PDR Longitudinal BL); 2-9
a0 2020 (EL) ongftudina 5 provinces across Northern Lao PDR Caregivers (BL); 13,896 (EL)
years (EL)
Preschool
; ai to collect data for all
Kiribati 2017 Cross-sectional Ce'nsus, aimed to collec da. atora teachers & 2-6 years 8,339
children aged 3-5 years nationally )
caregivers
. Preschool
Samoa 2016 Cross-sectional Ce'nsus, aimed to collect da.ta for all teachers & 2-5 years 12,191
children aged 3-5 years nationally .
caregivers
Preschool
; ai to collect data for all
Tonga 2013/14 Cross-sectional Ce.nsus, aimed to collee da. atora teachers & 2-6 years 6,214
children aged 3-5 years nationally )
caregivers
Preschool
C ; aimed to collect data for all
Tuvalu 2015 Cross-sectional e'nsus, atmed 10 cofiee a' atora teachers & 2-6 years 549
children aged 3-5 years nationally .
caregivers

Note. Respondents refers to those who completed the eHCI in each country. BL = baseline, EL = endline. While in some countries the objective was to collect data
among children within a specified age range (e.g., 3-5 years), the resulting sample often had a wider age range (2-6 years) due to small numbers of children falling
outside of the intended age range
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2.3 Measures

In this section, the measures and variables collected previously as part of original projects
summarised and used in the four studies that form this thesis, are described. Table 2.2 provides
an overview of the information for this thesis used within each country. While measures used
across countries and papers differed (see Section 2.4), the eHCI was collected in all countries
and used across all four research studies in this thesis. Additional child, caregiver, household,

and village level information, collected alongside the eHCI in each country, were also used.

2.3.1 Early childhood development — early Human Capability Index (eHCI)

The eHCI includes approximately 60 items (dependent upon country adaptation, ranging from
56 in Lao PDR to 66 in Tuvalu) measuring children’s development across nine domains:
Physical Health, Verbal Communication, Cultural Knowledge, Social and Emotional Skills,
Perseverance, Approaches to Learning, Numeracy, Reading, and Writing. The eHCI underwent
a local adaptation process in each country to ensure the tool’s content and face validity, as
described in Chapter 1. Therefore, although there are many similarities across adaptations of
the tool, some items and domains differ across countries. For example, the Perseverance
domain is measured by the same four items across all adaptations. The Physical Health domain,
however, varies from 2 items in Brazil to 5 items in Kiribati and Tuvalu, while the Laotian
version of the eHCI does not capture Physical Health. Each countries’ version of the adapted

instrument is presented in Paper 1 supplementary materials (Chapter 3).
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Table 2.2. Overview of variables across countries utilised

. . . Lao PDR L

Measurement level ~ Variable Brazil ~ China BL EL_ Kiribati Samoa  Tonga Tuvalu

Child level Early childhood development (eHCI) v v v v v v V4 v
Sex v v v v v v v v
Age v v v v v v v v
Ethnicity v v
Preschool attendance v v v v N v v
Stunting v v Vv v v v v
Health status N4 N4
Home learning environment Vv Vv v v v
Cognitive development (direct assessment) v v

Caregiver level Education v v v v v v
Literacy v

Household level Socioeconomic status v

Village level Geographical remoteness v
Early childhood education quality v

Note. BL = baseline, EL = endline.
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The eHCI is completed by an adult who knows the child. Respondents included children’s
teacher or primary caregiver in the studies presented throughout this thesis. Response options
for each item are binary (yes/no, able/unable, can do already/cannot do yet). All items are
completed for all children (i.e., no skip functions are employed, items do not differ according
to children’s age). The majority of items are positively worded so that the yes/able/can do
already responses are scored as 1, and the no/unable/cannot do yet responses are scored as 0.
A small number of items (ranging from 4 in Kiribati to 6 in Tonga) are negatively worded and
were reverse scored. Derivation of domain scores and overall development scores were
completed in accordance with guidelines provided by instrument creators.!! Individual item
scores were averaged so that children receive a score for each domain ranging from 0 to 1, with
higher scores indicating better development. Where > 20% of items in a domain had a missing
response, children were allocated a missing value for that domain. An overall development
score was derived by taking the average of domain scores, also ranging from O to 1, with higher
scores indicating better development. Children with missing scores on > 20% domains were

allocated a missing value for the overall development score.
2.3.2 Demographic and contextual characteristics

Various demographic and contextual information were collected alongside the eHCI in each
country, at the child, caregiver, household, and village level, with some variation in information

available across countries. This information is summarised below.

Child level
Child level information included children’s age in years (calculated using child’s date of birth
and date of data collection), sex (male, female), and preschool attendance (yes, no).

Additionally, child ethnicity (Lao Tai, Khmu, Hmong, Other), as well as caregiver-reported
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child health status (very healthy, normal, unhealthy/often sick, or don’t know based on the item

“What do you think is the current health status of the child?”’) were used in Lao PDR.

Caregiver level

Caregiver level information included children’s mother’s highest level of education (collected
in all countries except Brazil), with response categories varied across countries. In Lao PDR,
caregiver literacy was also utilised, measured through asking the caregiver to read a short

sentence (cannot read at all, can read a little, can read well, vision problem).

Household level

In Lao PDR, several household level variables indicative of socioeconomic status (e.g., assets,
number of household members, house construction materials etc), collected through household
head interview, were used to derive an indicator of socioeconomic status, with five quintiles

from least to most advantaged (see Section 2.4.4 for further details).

Village level

Also in Lao PDR, information collected via a village head questionnaire included an indicator

of remoteness based on the item “Can cars access the village during rainy seasons?” (yes, no).

2.3.3 Stunting

Children’s height and weight, measured in centimetres and kilograms by trained
administrators, were recorded at the time of data collection in each country (except Brazil).
Anthropometric measures were converted into WHO Child Growth Standards height-for-age
z-scores, and stunting was defined as a height-for-age z-score < -2.!** For example, 95.0cm is
the average height for a girl aged 36 months (standard deviation = 3.8). A z-score of -2
corresponds to a height of 87.4cm (i.e., z = (87.4 — 95.0)/3.8 = -2.0) Therefore, a 3-year-old

girl equal to or less than 87.4cm in height would be classified at stunted.
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2.3.4 Home learning environment

Information about caregiver-child engagement in six types of learning activities in the home
was also collected alongside the eHCI in each country (except in China and Brazil). These
binary questions (yes, no) were based on items from the MICS questionnaire for children under
five!*> and asked if, in the last 3 days (or in the last 7 days in Lao PDR and Tonga), a member
of the household aged 15 years or above had: read books or looked at picture books with the
child; told stories to the child; sang songs or danced with the child; played with the child; took
the child outside of the home; and named, counted or drew with the child. In Kiribati, Samoa,
and Tonga, respondents were also asked if there were children’s reading materials (e.g., picture

books) in the home (also based on the MICS with a yes/no response).

2.3.5 Cognitive development

Concurrent to administration of the eHCI in Lao PDR, children’s literacy, numeracy, and
executive function were measured via 92 direct assessment items. Assessment was
administered by a trained administrator who asked children to complete a series of activities in
a one-on-one setting. Items formed an early working version (2014/5) of the Measurement of
Development Early Learning (MODEL; part of the MELQO initiative)®*, prior to validation
studies.®* ¥7 Literacy and numeracy assessments were based on items from the Early Grade
Reading Assessment and the Early Grade Maths Assessment and adapted to the context in Lao
PDR.!% Both assessments have been adapted for use in a number of countries, with established
reliability and validity.'3® Executive function assessments were based on items from two sub-
tests from the Wechsler Intelligence Scale for Children (WISC-IV; digit span forward and digit
span backward) and the Head-Toes-Knees-Shoulders task.'*” '3 Overall, children were
assessed on 6 sub-domains of literacy (37 items e.g., print familiarity, letter knowledge), 9
aspects of numeracy (39 items e.g., number identification, spatial vocabulary), and 3 aspects

of executive function (16 items e.g., backward digit span) (a list of sub-domains is included in
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Paper 3; Chapter 5). Correct item responses were scored as 1 and incorrect responses scored 0.
Skip functions were employed in sub-domains that included a large number of items. For
instance, the number identification sub-domain involved children reading a sheet of 20
numbers, with administrators instructed to skip remaining items if children respond incorrectly
to five numbers consecutively. For sub-domains measured via multiple items, individual item
scores were averaged so that children received a score for each sub-domain, ranging from 0 to
1. Sub-domain scores were then averaged to provide a total score for literacy, numeracy, and

executive function, ranging from 0 to 1, with 1 indicating better development.

2.3.6 Early childhood education quality

The Measure of Early Learning Environments (MELE) captures constructs related to the
quality of children’s early learning environments.®* The MELE does not intend to evaluate
teachers or schools. Rather, it was designed to enable tracking of the quality of children’s
learning environments at a population level and identify areas in which training and supports
might be needed to promote early learning outcomes. Several adaptations of the MELE have

been developed and field-tested, with validation established in selected LMICs.34 86: 139

The MELE classroom observation tool was adapted and implemented to capture early
childhood education quality as part of the ECE Project in Lao PDR!%°. The tool measures four
key domains of quality: Learning Activities (8 items); Classroom Interactions and Approaches
to Learning (10 items); Classroom Arrangement, Space, and Materials (14 items); and
Facilities and Safety (6 items). A description of domains and items is included in Paper 4,
Chapter 6. With the exception of the Classroom Arrangement domain, items were scored from
1 to 4, with 4 representing high quality. Items in the Classroom Arrangement domain were
either binary (yes/no) or multiple choice to indicate presence of materials (no materials

present/materials present but children do not use/materials present and children use). Domain
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scores were calculated by summing scores on all items. Domain scores were transformed to
range from O to 10, so that all domains were on the same scale to aid in interpretability, with
10 indicating high quality. An overall quality score was derived by taking the average of

domain scores, also ranging from 0 to 10, with higher scores indicating better quality.

2.4 Research methodology

The overarching objective of this thesis was to investigate the psychometric properties of the
eHCI using data collected across several LMICs. Additionally, it aimed to explore whether the
tool was able to achieve the measurement ideal of having adequate sensitivity to detect
variations in children’s development according to the quality of ECE children attend. Together,
this research sought to advance understanding of how the eHCI can be used to facilitate

population measurement of early childhood development in future.

Four research questions were investigated to achieve this aim:

1. Does the eHCI measure the same underlying constructs (i.e., developmental domains)
in seven LMICs, given the necessary local adaptation of the instrument in each country?

2. Does the eHCI have adequate validity, and does this vary across seven LMICs?

3. Does the eHCI measured at 2 to 5 years have predictive validity for children’s cognitive
development (i.e., literacy, numeracy, and executive function) at 6 to 9 years?

4. Are scores on the eHCI sensitive to the quality of early education children attend?

Each research question was explored separately in four studies, which align with the four
chapters presented in this thesis to follow. Table 2.3 provides an overview of the aspects of
reliability, validity and sensitivity that were explored by each research study, as described in
Chapter 1. The first two studies focused on investigating various aspects of the reliability and
validity of the eHCI using data sources in all seven LMICs. The third and fourth studies focused

on exploring additional properties of the tool in one country, Lao PDR. This included whether
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scores on the eHCI predicted children’s later outcomes and were sensitive to variation in
children’s development based on the quality of early education children attended, both of which

are desirable characteristics of a population measure of early childhood development.

Findings from the four studies are integrated in Chapter 7 to address the overarching research
aims. The research questions that were able to be addressed in this thesis were conducted within
the context of the available data at the time the project was conceived. Thus, Chapter 7 also
includes discussion of additional aspects of reliability and validity that were not able to be

explored here but are important steps in the process of instrument validation.

All four research questions were investigated using quantitative methods. These methods, as
well as descriptions of how data sources were used and analyses were conducted to address
research questions, are described separately for each study in sections to follow. This chapter

then concludes with information regarding how missing data were accounted for in analyses.
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Description Study 1 Study2 Study3 Study 4
o D Evident wh t of items that fi 1
Reliability Internal reliability vigent w en.a Set Of Thetnis Tiat 1ot a seale of v
measure are highly correlated.
Evident when scores on domains demonstrate
Internal factor structure v

alignment to the measure’s theoretical structure.

Evident when measures of theoretically related

Convergent validity constructs are highly correlated. v
Construct validity . - Evident when measures of theoretically less related

Divergent validity . v
constructs are not highly correlated.
Evident when measures produce scores that differ

Discriminant validity according to participant characteristics, such as age v
and sex, as theoretically expected.
Evident when measures of constructs are highly

Concurrent validity correlated with established measures of the same or v

similar constructs, measured at the same time.

Criterion validity

Predictive validity

Evident when measures of constructs are highly
correlated with established measures of the same or
similar constructs, measured at a later time.

Additional ideals  Sensitivity

Evident when scores on a measure reflect differences

based on inputs as theoretically expected (e.g.,
intervention/treatment quality or dose).
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2.4.1 Research question 1

Does the eHCI measure the same underlying constructs (i.e., developmental domains) in seven

LMICs, given the necessary local adaptation of the instrument in each country?

Development of the eHCI, and each country adaptation of the instrument, was informed by a
combination of both theoretical conceptualisation as well as local expert consultation regarding
the key aspects of children’s development that are predictive of future capabilities.”® This process
was intended to produce an instrument that measures children’s development relative to what is
considered a well-developed child in a particular culture or context, producing locally relevant and
meaningful information. While items differ across adaptations of the eHCI, the same nine
developmental domains were maintained across countries. One exception was in Lao PDR,

whereby the adaptation of the eHCI did not include the Physical Health domain.

Although the eHCI was designed to measure a specific set of developmental domains, this
theoretical factor structure had not been explored using factor analysis methods. Confirmatory
factor analysis (CFA) is an analytical approach used to verify the structure of items/variables that
form a measure, testing the hypothesised relationship between items and underlying constructs.
This study used CFAs to explore whether eHCI data across seven countries fit the theoretical
structure of the instrument (i.e., 9 developmental domains, or 8 in Lao PDR), given the necessary
adaptation of the instrument within each country. That is, whether the tool captured nine distinct
underlying constructs (or domains) across countries, and the degree to which items designed to
measure each of these constructs loaded onto the relevant factor (e.g., whether all items in the
numeracy domain captured the same construct). Overall, this sought to provide evidence for the

tool’s construct validity across countries, indicating it is measuring what it was designed to
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measure. This enabled confirmation of the theoretical structure of the tool before subsequent
psychometric analyses were conducted based on this structure. Internal reliability of eHCI domains

was also examined in each country, using Cronbach’s alpha as well as Ordinal alpha.

This study utilised cross-sectional data from seven countries (baseline data in Lao PDR; Table
2.1). A series of CFAs were conducted in three steps, summarised in Figure 2.1. First, 9-factor
CFAs (or an 8-factor CFA in Lao PDR) were conducted separately for each country, addressing
the primary research question of this study by exploring the fit of data in each country to the
theoretical structure of the eHCI (i.e., 9 developmental domains, or 8 in Lao PDR). Two additional
steps explored any variation in the fit of eHCI data according to children’s age or respondent’s
education. Specifically, 9-factor CFAs (or an 8-factor CFA in Lao PDR) were conducted
separately for children aged 3, 4, and 5 years in each country (as this was the age range that was
consistent in datasets across countries). Lastly, using Lao PDR data, the sample was split into two
groups (low and high maternal education) and 8-factor CFAs were conducted separately for each
group. This analysis was conducted among the Lao PDR sample only, as it was the only sample

for which data were available on the education of all respondents (caregivers).

Figure 2.1. Confirmatory factor analyses conducted

e N
Step 1 Separate CFA in each country
\ ) L. 7
Separate CFA for 3-year-olds in each country
Step 2 Separate CFA for 4-year-olds in each country
Separate CFA for 5-year-olds in each country
4 )\ f )
Separate CFA for low maternal education in Lao PDR
9 ) Separate CFA for high maternal education in Lao PDR
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CFAs were conducted using MPlus 7.31'*!, employing polychoric correlation matrices and
weighted least square mean and variance adjusted (WLSMV) estimation, both of which are most

appropriate for use with binary data!4?!144

, as well as oblique (goemin) factor rotation which
assumes correlations among factors.'** Various goodness-of-fit indices, together with standardised
factor loadings were used to evaluate model fit to the eHCI data in each country. Specifically, fit
indices included %2 (p > 0.05 indicates good model fit)!*4, root mean square error of approximation
(RMSEA; values < 0.06 indicate good model fit, values between 0.06-0.08 indicate satisfactory
fit)!4> 146 and the Comparative Fit Index and the Tucker-Lewis Fit Index (CFI and TLI,
)145-

respectively; values > 0.95 indicate good fit, values between 0.90-0.95 indicate satisfactory fit

147 Factor loadings > 0.40 deemed items a good indicator of the underlying latent construct.'*

The internal reliability of eHCI domains was also examined in each country. This is often
conducted in conjunction with factor analysis to assess how interrelated a set of items are and thus
how well they, collectively, measure the underlying construct.!* For instance, the relatedness of
items in the eHCI numeracy domain will indicate whether items are capturing similar skills. Many
psychometric research studies assess the internal reliability of scales/domains using Cronbach’s
alpha. Increasingly, ordinal reliability coefficients, specifically ordinal alpha, have been deemed
more appropriate to evaluate the internal reliability of scales comprised of items with binary or
ordinal response options, such as the eHCI.!*® Thus, ordinal alpha coefficients were calculated for
each eHCI domain separately for each country, along with Cronbach’s alpha to enable comparison
with previous research. Coefficients > 0.70 are deemed acceptable for both internal reliability

113,150

indicators and were calculated using package ‘psych’ in R Statistical Software.!>!
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2.4.2 Research question 2

Does the eHCI have adequate validity, and does this vary across seven LMICs?

With internal factor structure and reliability of the eHCI investigated, this research study focused
on exploring the validity of the tool. As described in Table 2.3, this study evaluated convergent
and divergent validity, discriminant validity, and concurrent validity. This sought to provide
further evidence that the eHCI was measuring what it was designed to measure across diverse
settings (i.e., construct and criterion validity). Evaluation of these aspects of validity required
investigation of how eHCI domain scores were associated with one another, as well as other
measures. Using cross-sectional data from seven countries (baseline data in Lao PDR; Table 2.1),
descriptive statistics, correlations, and linear regressions were calculated together with density
plots in each country, to determine psychometric robustness of the tool. Results in each country
were examined to identify any variations in validity across countries. Analyses were conducted

using IBM SPSS Statistics 25'°2, with density plots generated using R Statistical Software 3.6.0.!5

Convergent and divergent validity were tested by examining correlations amongst eHCI domains

within each country. Two-tailed Spearman’s rho correlations, appropriate for use with ordinal
scales, were used to indicate associations between domains, where r = 1 indicates a perfect positive
correlation and r = -1 indicates a perfect negative correlation.'>* It was predicted that the strongest
associations would be observed between eHCI domains measuring children’s literacy (i.e., reading
and writing) and numeracy across countries, with smaller correlations between remaining domains
(e.g., physical health and social and emotional development). This hypothesis was based on the

intertwined nature of children’s literacy and numeracy development, relative to other domains.
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Discriminant validity of eHCI domains was tested using various child and family characteristics

in each country, including child age, sex, stunting status, preschool attendance, maternal education,
and home learning environment. Whether eHCI scores could discriminate amongst children’s
development by these characteristics was examined by first calculating the mean and standard
deviation of eHCI domain scores separately across countries, stratified by response values for each
of the child and family variables. This enabled comparison of scores for males versus females,
children who attended and did not attend preschool and so on. It was predicted that higher domain
scores would be observed among females, older children, those not stunted, children who attended
preschool, children of more educated mothers, and children with learning opportunities at home.
It was also hypothesised that, if measuring children’s development as intended, differences in
scores by child and family characteristics would vary across eHCI domains. For instance, it was
predicted there would be a larger difference in mean literacy and numeracy domain scores between
children who were and were not stunted, compared to the social and emotional domain, because

of the well-established adverse impacts stunting has on children’s cognitive development. !>

Kernel density plots were generated to provide a visual representation of the distribution of eHCI
scores for different demographic groups within each country. Density plots, a smoothed variation
of the histogram, represent the distribution of one or multiple numerical variables. An example is
provided in Figure 2.2 below. In this instance, density plots help to highlight variations in the
discriminant ability of eHCI domains for different demographic variables across countries, which
may not be as apparent from examining domain mean and standard deviation scores. For example,
plots may help to demonstrate the difference in age gradient in children’s scores on Literacy versus

Social and Emotional Skills domains, and the extent to which this varies across countries.
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Figure 2.2. Example of density plot utilised to investigate discriminant validity of eHCI domains

Unadjusted linear regressions were used to test associations between child and family
characteristics (independent variables) and eHCI domains (dependent variables) in each country.
Regressions, rather than correlations, enabled exploration of the increase or decrease in eHCI
domain scores associated with various characteristics explored. Unstandardised beta coefficients
were reported with 95% confidence intervals. Coefficient size together with confidence intervals

that did not overlap zero were interpreted as meaningful associations. >

Concurrent validity was investigated using baseline data in Lao PDR, as in this study, children’s

development was measured via direct assessment in addition to the eHCI (see Section 2.3.5). This
analysis sought to demonstrate criterion validity of the eHCI (though noting lack of a gold standard
measure discussed in Chapter 1) and was tested through exploring the association between
children’s scores across both measures. Two-tailed Spearman’s rho correlations among eHCI
domains and direct assessment literacy and numeracy domains were calculated. It was predicted
that the strongest associations would be observed between direct assessment scores and eHCI
domains measuring literacy and numeracy, as these domains measure the same constructs, with

smaller correlations between direct assessment scores and remaining eHCI domains.
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2.4.3 Research question 3

Does the eHCI measured at 2 to 5 years have predictive validity for children’s cognitive

development (i.e., literacy, numeracy, executive functioning) at 6 to 9 years?

The first two studies explored whether the eHCI was psychometrically robust across diverse
contexts using cross-sectional data. This research study was conducted with the aim of exploring
the ability of the eHCI to predict children’s later abilities, establishing the predictive validity of
the tool. Longitudinal data in Lao PDR enabled this investigation, and Receiver Operator

Characteristic curve analyses were conducted to explore this research question.

The ECE Project in Lao PDR, for which data were utilised for this study, included three waves of
data collection; baseline (November 2015 to March 2016), midline (November to December
2017), and endline (February to March 2020). The eHCI and direct assessments of children’s
literacy, numeracy, and executive function (see Section 2.3.5) were employed at all waves. Table
2.4 depicts child age ranges at each data collection time point®. Children for whom data were
collected at both baseline and endline (as opposed to baseline and midline, or midline and endline)
were selected as the sample for this study. This enabled investigation of the ability of eHCI scores
at ages 2 to 5 years predicting cognitive development outcomes at 6 to 9 years, four years later. A
longer time frame between measurement of the eHCI and the criterion (direct assessments) enabled

the most rigorous investigation of the predictive validity of the eHCI possible with available data.

¢ Age ranges indicate ages of the majority of children. Each data collection was undertaken over a period (from two
to five months) and child age differs based on the child’s birth date and data collection date across time points. For
instance, some children who were aged 2 at baseline will have been 4 years, rather than 3 years, at midline.
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Table 2.4. Child age across data collection points for ECE Project in Lao PDR

Collection Year Child age (years)

Baseline 2015/6 2 3 4 5

Midline 2017 3 4 5 6
2018 4 5 6 7
2019 5 6 7 8

Endline 2020 6 7 8 9

Limited early childhood development measures have established predictive validity. Predictive
validity has typically been undertaken using methods, such as correlations and regression analyses,
that demonstrate an association between scores on the measure and a later outcome. For instance,
predictive ability of scores on the EDI at age 5 for literacy and numeracy skills at ages 8-12 was
established using correlations and regressions.'>” Similar methods were used to explore the ability
of the IDELA among children in pre-primary school to predict literacy and numeracy skills 2.5
years later.!>® While an association between scores is important, it does not demonstrate the ability
of a measure to discriminate between groups of children with different outcomes in future (e.g.,

developing well versus poorly). This can also be described as predicting a particular outcome.

Although it is not the intention of a population measure of child development, such as the eHCI,
to provide an individual diagnosis for poor development, it is intended that data collected be used
to inform investment in supports to promote children’s outcomes. Thus, establishing that a poor
score on the eHCI discriminates between children doing well versus poorly on later indicators of
ability, is important to demonstrate results are meaningful and bolster confidence in use of the tool.
In this study, methods designed to investigate the ability of eHCI domains to predict scores on

direct assessment measures (i.e., literacy, numeracy, and executive function) were employed.

Receiver Operator Characteristic (ROC) curve analyses have commonly been used to evaluate

diagnostic accuracy of a clinical assessment for a dichotomous outcome.'** '%° In this study, ROC
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curves were used to explore the predictive validity of the eHCI and are presented alongside the
area under the ROC curve (AUC), or C-statistic, to determine the ability of measures at ages 2 to
5 to predict (discriminate between) outcomes at ages 6 to 9. An AUC of 0.5 indicates the measure
is no better than chance at discriminating between later outcomes. The ROC curve graphs
sensitivity (percentage of true positive outcomes) as a function of 1-specificity (percentage of true
negative outcomes) with the diagonal reference line equal to chance (see Figure 2.3 for an
example). The AUC or C-statistic represents the probability that a randomly selected case who
experienced an outcome will have a higher predicted probability of experiencing the outcome,
compared to a randomly selected case who did not experience the outcome. Therefore, an AUC of
1.0 indicates the predictor perfectly discriminates between outcomes (i.e., 100% sensitivity and
100% specificity). Typically, for clinical diagnostic purposes, an AUC between 0.5 to 0.7 is
considered low, 0.7 to 0.9 moderate, and greater than 0.9 indicates high predictive ability for the
measure to discriminate between two outcome groups.'®! However, these guidelines should not be

applied as strict "rules" and are dependent on context and purpose of assessment.

Figure 2.3. Example of Receiver Operator Characteristic curve utilised to investigate predictive

validity of the eHCI
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ROC curve analyses were conducted in three steps. First, ROC curves were calculated to explore
the ability of eHCI overall development and direct assessment literacy, numeracy, and executive
function domain scores at baseline to predict poor development on the same direct assessments at
follow up. Poor development in outcome measures was defined as scores in the bottom 10
percentile (for each age in years stratum). Second, a sensitivity analysis was conducted by varying
the definition of poor development to scores in the bottom 20™ percentile. Third, additional ROC
curve analyses explored the ability of the eight individual eHCI domain scores at baseline to
predict poor development scores at follow up, as defined as scores in the bottom 10" percentile on
the direct assessment literacy, numeracy, and executive function. To help interpret the size of
effects in all ROC curve analyses, the relationship between two measures of socioeconomic status
(caregiver education and literacy) at baseline and poor development at follow up was also
explored, as these factors would also be expected to predict children’s developmental outcomes.

Analyses for this study were conducted using IBM SPSS Statistics 27.!%2

All analyses were stratified by child age in years at baseline. This step was critical because of the
strong positive association between age and children’s development. As analyses explored ability
to predict scores in the bottom 10™ percentile on direct assessment measures, use of a single cut-
off score for poor development among children of all ages would have ignored this age gradient.
Classification of poor development would have been unequally applied across ages, resulting in
an over-representation of the youngest children in the bottom 10% of scores and erroneous

conclusions regarding the ability of the eHCI to predict ability at later ages.
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2.4.4 Research question 4

Are scores on the eHCI sensitive to the quality of early education children attend?

The first three research studies explored the psychometric properties of the eHCI across diverse
contexts, including whether scores on the tool were able to predict children’s later outcomes. The
eHCI was designed to be sensitive to variation in children’s development to facilitate program
evaluation. Indeed, this is why the tool was originally developed in Tonga. This final study was
designed to investigate the sensitivity of eHCI scores to inputs or supports designed to promote
children’s development, namely quality of ECE. This sought to further explore whether the eHCI
has the sensitivity to detect these variations in children’s development, which is a limitation of

many existing population measures of child development, as discussed in Chapter 1.

Higher quality ECE typically results in improved child development outcomes.'®® Quality of ECE
was measured in the final wave of data collection for the ECE Project in Lao PDR, alongside both
the eHCI and direct assessment of children’s development (Table 2.2). It was hypothesised that,
on average, children attending better quality ECE would have higher development scores on the
eHCI and direct assessment of children’s development, after adjusting for child, household, and
village level confounders. As described in Section 2.3.6, the measure of ECE quality utilised was
the MELE. Being a relatively new measure of ECE quality, the MELE had not previously been
validated in Lao PDR, and research had demonstrated mixed evidence regarding the measure’s
relationship with child development across selected LMICs. Therefore, this study had the unique
opportunity to test application of both the eHCI and MELE in Lao PDR. Inclusion of direct
assessments (i.e., literacy, numeracy, executive function) as an outcome measure, alongside the

eHCI, enabled comparison of the sensitivity of both measures to ECE quality.
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Descriptive statistics for MELE, eHCI, and direct assessment measures were assessed to
investigate distribution of scales (i.e., identify any floor or ceiling effects). Two-tailed Spearman’s
rho correlations, appropriate for use with ordinal scales, were used to explore associations between

exposure (MELE) and outcome (eHCI, MODEL) variables.

A directed acyclic graph (DAG) was used to depict the hypothesised effect of ECE quality on early
childhood development (see Figure 2.4 below). DAGs are commonly used in epidemiologic
research to describe the causal relationships between variables, and help to identify confounding

variables (i.e., factors that influence both ECE quality and children development).!®*

Figure 2.4. Directed acyclic graph of the association between early childhood education quality

and child development

e S
Village remoteness

Household SES

ECE qu Child development

W/

Child ethmcny
Child gender Child health Child stunting

Child age

Note. ECE = early childhood education, SES = socioeconomic status
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A household SES index was derived using Principal Components Analysis and included the
following items: number of household members, assets (e.g., electronics, vehicles, animals), house
construction materials, caregiver literacy, access to electricity, receipt of financial aid, and
purchasing ability (e.g., school supplies, food.). A continuous factor score was created using the
first component for each household which was then divided into quintiles to create five levels of
SES.'% Standard errors were clustered on village as children living in the same village were likely

to have more similar levels of SES compared to children living in different villages.

A series of linear regressions were then conducted to explore the association between ECE quality
(MELE overall quality and individual domain scores) and both adult reported and directly assessed
child development (eHCI and MODEL overall development and domain scores). Models were
adjusted for confounding variables including child age, sex, ethnicity, stunting, household SES,
and village remoteness. Unstandardised beta coefficients were reported with 95% confidence
intervals, and coefficient size together with confidence intervals that did not overlap zero were

interpreted as meaningful associations.'>® Analyses were conducted using Stata/SE 17.16

2.5 Missing data

Missing data is typical in epidemiological research due to non-response to items or questionnaires,
or participant attrition in longitudinal studies. Missingness can be classified as missing completely
at random (no systematic differences between observed and missing data; MCAR), missing at
random (systematic differences between observed and missing data can be explained by
associations with the observed data; MAR), and missing not at random (associations with the
observed data is not able to explain all systematic differences between the observed and missing
data; MNAR).'%” Failure to account for missingness in analyses can lead to bias in results.'®® Over

the past few decades, there has been considerable development in the statistical methods for
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analysis of data with missing values, including full maximum likelihood estimation, multiple
imputation, and weighting adjustment methods.!®® Recent advances demonstrate that there is no
best, single method for accounting for missing data in all studies. Rather, choice of method is

dependent on the mechanisms of missingness as well as analytical methods employed.

However, as argued by Hughes and colleagues'®” among others'® 7, there are instances in which
a complete case analysis (i.e., one that is restricted to participants with complete information
available on variables included in the main analysis) is appropriate, and multiple imputation or
alternative methods are not required. While a detailed exploration of mechanisms for missingness
in eHCI data across countries was not within scope for this thesis, complete case analysis was
employed throughout analyses presented. For instance, in study four (Chapter 6), analysis was
limited to children with development (¢HCI and MODEL; outcome) and ECE quality (MELE;
exposure) scores, as well as the child, family, and village level characteristics included as

confounders. Missing data in each research study in this thesis are described in respective chapters.

2.6 Chapter conclusion

This chapter described the methodological approaches employed to address the four research
questions explored throughout this thesis, as well as how each study contributes to advancing
understanding of how the eHCI may be used to facilitate population measurement of early
childhood development. Next, Chapters 3 to 6 present the four research studies described; each in

the form of a journal article (published or under review) with supplementary materials appended.
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Chapter 3: Does the eHCI measure the same underlying constructs (i.e., developmental
domains) in seven LMICs, given the necessary local adaptation of the instrument in each

country?

3.1 Chapter outline

This chapter presents the first of four papers contributing to this thesis. The article was published

in BMC Pediatrics in December 2019 and is presented in Appendix B.!"!

As described in Chapter 1, to generate locally relevant data and meaningfully inform supports to
promote children’s outcomes, a measure of early childhood development should reflect the skills
and capabilities considered to be important in any given cultural or contextual setting. The eHCI
was designed to be adaptable across diverse settings and therefore underwent a process of local
adaptation in each country. While some items and domains differ across countries, adaptations of
the tool maintained the same theoretical structure as was originally developed in Tonga (with the
exception of Lao PDR). Although the eHCI was designed to measure a specific set of
developmental domains, this theoretical factor structure had not been explored using factor
analysis methods. Demonstrating a consistent internal factor structure is one important aspect of
the comprehensive evaluation of a measurement instrument’s validity and reliability. This study
explored whether eHCI data across seven LMIC:s fit the theoretical structure of the instrument (i.e.,
nine developmental domains, or eight domains in Lao PDR), providing evidence for the tool’s

construct validity and internal reliability.

Confirmatory factor analyses and internal consistency coefficients demonstrated that after local

adaptation, translation, and different implementation methods across countries, the eHCI
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maintained the same factor structure of nine theoretically based developmental domains in each
countries: Physical Health, Verbal Communication, Cultural Knowledge, Social and Emotional
Skills, Perseverance, Approaches to Learning, Numeracy, Reading, and Writing (with the
exception of Lao PDR, for which the local adaptation did not include the Physical Health domain).
While some domains were found to be operating consistently across countries (e.g., Numeracy,
Reading), others tended to demonstrate greater variation across country samples (e.g., Verbal
Communication, Social and Emotional Skills) highlighting the important influence of culture on
the measurement of children’s development. Further, additional analyses stratified by children’s
age (i.e., 3 to 5 years) and respondent education provided insights into how these characteristics

may play a role in the functioning of the eHCI.

Finally, most domains demonstrated adequate internal reliability within all countries. However,
two domains (Physical Health, Perseverance) exhibited less than satisfactory internal reliability in
multiple countries. These findings may be due to a large proportion of reverse-scored items in
these domains, which could be measuring constructs separate to those intended. Nevertheless, local
adaptation of the tool in each country deemed all items important in capturing the skills and
capabilities of a well-developing child in their respective contexts, and thus it was not the intention

of this research to exclude items on the basis of psychometric results.

Overall, findings from this study lend support to the aims of the eHCI in being adaptable and
applicable for use within a range of LMIC:s to facilitate population measurement of children’s early
development. Subsequent psychometric analyses, presented in chapters to follow, were conducted

based on the confirmed structure (domains) of the instrument.
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3.3 Measuring early childhood development in multiple contexts: the internal factor structure and

reliability of the early Human Capability Index in seven low- and middle-income countries
3.3.1 Abstract

The fourth year of the Sustainable Development Agenda era calls for countries to continue to invest
not only in interventions and policies that will promote global equity and sustainability, but also
in the monitoring systems required to track progress against these targets. A more pragmatic
solution to measuring children’s early development in low- and middle-income countries in
particular, is required. This study explores the psychometric properties of the early Human
Capability Index (eHCI), a population measure of holistic development for children aged 3—-5
years, designed with the vision of being flexible and feasible for use in low resource and capacity
settings. Utilising data from seven low- and middle-income countries: Brazil (n = 1,810), China (n
= 11,421), Kiribati (n = 8,339), Lao People’s Democratic Republic (n = 7,493), Samoa (n =
12,191), Tonga (n = 6,214), and Tuvalu (n = 549), analyses explored the internal factor structure
and reliability of scores produced by the tool within each country. Confirmatory factor analyses
and internal consistency coefficients demonstrated that after local adaptation, translation, and
different implementation methods across countries, the eHCI maintained the same factor structure
of nine theoretically based developmental domains: Physical Health, Verbal Communication,
Cultural Knowledge, Social and Emotional Skills, Perseverance, Approaches to Learning,
Numeracy, Reading, and Writing. Findings support the aims of the eHCI in being adaptable and
applicable for use within a range of low- and middle-income countries to facilitate measurement
and monitoring of children’s early development, as is required for the tracking of progress towards

the Sustainable Development Agenda.
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3.3.2 Introduction

Global endorsement of the United Nations Sustainable Development Goals (SDGs), an agenda for
which the healthy development of children is central'’?, together with burgeoning evidence
regarding the value of investing in children’s early years®, have highlighted the need for services

and supports that provide children with the opportunity not only to survive, but to developmentally
thrive.? In turn, the creation and utilisation of instruments that measure such development in
children has gained momentum. The early Human Capability Index (eHCI), a population measure
designed to capture the holistic development of children aged 3—5 years, represents one such effort.
This paper presents preliminary evidence of the psychometric properties of the eHCI and
highlights how the tool could make an important contribution to the task of evaluating early

childhood policies and programs as well as monitoring children’s development in the early years.

Tracking progress towards healthy child development

Ratified by United Nations member countries in 2015, the Sustainable Development Agenda
specifies 17 goals and 169 targets to end poverty, mitigate inequality, and protect the planet for a
better future?’. The fourth year of the SDG era calls for countries to continue to invest not only in
interventions and policies that will promote global equity and sustainability, but also in the
monitoring systems required to track progress against these targets and thus identify those at risk
of falling behind. Of particular relevance to early childhood development, SDG 4.2 states that by
2030, countries must ensure that all girls and boys have access to quality early childhood
development, care and pre-primary education so that they are ready for primary education. To
track progress against this target, countries are required to monitor (i) the percentage of children
under 5 years of age who are developmentally on track in health, learning and psychosocial

wellbeing, and (ii) national participation rates in early childhood education.
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While many countries monitor national enrolment rates in early childhood education®®, few track
the status of children’s early development. Measuring progress toward SDG 4.2 calls for
population monitoring of children’s early health and development outcomes. Indeed, child
development contributes to a number of SDG targets, including those related to health, gender
equity, and poverty reduction, and thus global monitoring of children’s early development is key
to supporting progress toward the broader Sustainable Development Agenda.'” Faced with
limitations in terms of the measurement instruments available as well as the resources and capacity
required to implement such monitoring systems, tracking children’s health and development in
low- and middle-income countries will be a challenge. In this, however, lies an important
opportunity to promote and address the current obstacles associated with measuring children’s

early development.

A call for new measurement solutions

Measurement of children’s development is influenced by culture, language, and theory. What are
considered important aspects of and appropriate goals for children’s development, as well as what
are deemed suitable assessment techniques to capture this information, can vary considerably
across cultures.”® *+ ¢ Consequently, although tools need to capture aspects of child development
that are important to outcomes throughout the life course, they should also be aligned with local
culture and early learning and development frameworks, so that they not only accurately reflect

children’s capabilities, but also produce information relevant to local policy and practice.”® 72

A number of measurement initiatives are currently underway to monitor children’s early
development at national, regional, and global levels. Some examples include the Early
Development Instrument (EDI), the Early Childhood Development Index (ECDI), the Caregiver

Reported Early Development Instrument (CREDI), the International Development and Early
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Learning Assessment (IDELA), the East Asia-Pacific Early Chid Development Scales (EAP-
ECDS), the Malawi Developmental Assessment Tool (MDAT), the Measurement of Development
and Early Learning (MODEL), and the Regional Project on Child Development Indicators
(PRIDI).? Various characteristics of the instruments in use however, including the cost of
licensing fees, the level of enumerator training required prior to administration, the time they take
to administer, how they are administered, and their applicability and adaptability within different
contexts, constitute considerable barriers to their utilisation. This is especially the case in contexts
where resources and capacity are limited. To overcome these challenges, international leaders in
early childhood have called for a more pragmatic and reliable solution to measuring children’s
early development in low- and middle-income countries in particular. It was against this

background that the eHCI was developed.

Early Human Capability Index

Designed to capture key aspects of holistic development in children aged 3-5 years, the eHCI was
developed with the vision of being feasible for use in low resource and capacity settings while
having the ability to capture change in children’s development over time.” The tool includes
approximately 60 items (dependent upon country adaptation) spanning nine developmental
domains (Physical Health, Verbal Communication, Cultural Knowledge, Social and Emotional
Skills, Perseverance, Approaches to Learning, Numeracy, Reading, and Writing) and can be
completed via adult report (e.g., by children’s caregivers, teachers, or early childhood
practitioners) in less than 10 min. The eHCI requires minimal resources to be implemented; the
tool is available for anyone to use free of charge, little enumerator training is required, and it can
be completed quickly and easily by any adult who knows the child. Further, the tool was designed

so that it can be easily adapted and utilised within diverse contexts for a range of purposes,
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including population monitoring, the evaluation of effects of early childhood policies and

programs, as well as longitudinal studies seeking to predict children’s future capabilities.

Development of the eHCI

The eHCI was originally developed in 2013 for the purposes of evaluating a program designed to
support children and families to be better prepared for school in Tonga.!”” Consultations were
undertaken to understand locally, what good child development at school entry looks like, first
establishing broad areas (i.e., domains) of development and then identifying specific items within
these areas. On the basis of consultations and the child development literature, a draft instrument
was developed and independently reviewed by child development experts. Once translated into
Tongan, stakeholders originally consulted reviewed the instrument to ensure content and face
validity. Piloting was then conducted to determine respondent understanding of items, efficiency
of data collection methods, if scale distributions were discriminating between children as
theoretically expected, as well as any floor or ceiling effects (i.e., if items were too hard or too
easy) for the targeted range of children aged 3—5 years. After revisions based on findings from the
pilot as well as a final review by local stakeholders, the eHCI was implemented nationally.
Exploration of the psychometric properties of scores produced by the eHCI census in Tonga
demonstrated adequate discriminant validity (comparison of mean scores across children grouped
by demographic characteristics met theoretical expectations, i.e., older children scored higher than
younger children, girls received slightly higher scores than boys, children of more educated
mothers received higher scores than those of less educated mothers) and internal scale reliability

(through Rasch analysis).”
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Utilisation of the eHCI

The eHCI has since been adapted and utilised to support a range of early childhood development
projects in several low- and middle-income countries, predominantly across the Asia-Pacific
region.'*21%7 Similar to a number of tools designed to measure children’s development®® 8% 173,
development and adaptations of the eHCI in each new context were informed by a combination of
both theoretical conceptualisation as well as local expert consultation regarding the key aspects of
children’s development that are predictive of future capabilities. Through these consultative
processes, content and face validity of the instrument were established and adaptations and
translations were ensured to be capturing the true intent of each item.!” The internal factor
structure of the instrument, however, is yet to be explored within multiple countries. Evaluating
the psychometric properties of scores produced by a measurement tool is fundamental for its future
utilisation and effectiveness.”® An instrument measuring children’s development that lacks in
reliability and validity could produce biased scores that lead to ill-informed decisions. With eHCI
data now available in multiple countries, work is needed to explore the tool’s validity and
reliability. An instrument with the properties of the eHCI that produces scores that are
psychometrically robust and appropriate for use within diverse settings has potential for global
applicability. Such a tool could better enable population monitoring of children’s development, as
is required for SDG 4.2, particularly in low- and middle-income countries, with the ultimate goal

of shaping services and policy to promote global equity of children’s health and development.

The current study
This research is a first step in working to establish the psychometric properties of scores produced
by the eHCI within different cultures and contexts. Utilising data previously collected from seven

low- and middle-income countries, Brazil, China, Kiribati, Lao People’s Democratic Republic
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(PDR), Samoa, Tonga, and Tuvalu, analyses sought to explore the internal factor structure and
reliability of scores produced by the tool within each country. Findings will be used to guide

recommendations regarding the reporting of eHCI results moving forward.

3.3.3 Method

Measures

The early Human Capability Index

Completed by an adult who knows the child, the eHCI includes approximately 60 items (dependent
upon adaptation) measuring children’s development across nine domains: Physical Health, Verbal
Communication, Cultural Knowledge, Social and Emotional Skills, Perseverance, Approaches to
Learning, Numeracy, Reading, and Writing. Response options to each item are binary (yes/no or
able/unable). The majority of items are positively worded so that the yes/able responses are scored
as 1, and the no/unable responses are scored as 0. A small number of items (ranging from 4 in
Kiribati and Lao PDR to 6 in Tonga) are negatively worded and thus are reverse scored. Individual
item scores in each domain are averaged so that children receive a score for each developmental

domain ranging from 0 to 1, with higher scores indicative of better development.

The eHCI underwent a local adaptation process to ensure the tool’s content and face validity in
each country. Thus, although many items are similar across different adaptations of the eHCI,
some items and domains differ across countries. To illustrate, the Perseverance domain is
measured by the same 4 items across all adaptations of the eHCI. In contrast, the Physical Health
domain varies from 2 items in Brazil, 3 items in Samoa and China, 4 items in Tonga, and 5 items
in Tuvalu and Kiribati, while the Laotian version of the eHCI does not capture physical health as
a result of local expert consultation. Table 3.1 presents the Tongan eHCI and the percentage of

children for whom respondents reported yes/able for each item, while Supplementary Tables 3.1-
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3.6 (Appendix C) present the same information for remaining countries, highlighting similarities

and differences between adapted versions of the instrument.

Demographic characteristics

In addition to measuring children’s development, the eHCI collects information about children’s
demographic characteristics as well as relevant contextual information. Specifically, respondents
provide information about children’s age, gender, and special needs status, and then dependent
upon country adaptation, they also provide information about children’s height and weight, their
mother’s highest level of education, whether the child has attended preschool, if there are reading
materials (i.e., books) in the child’s home, and caregivers’ engagement in six different types of
stimulating activities with their children in the home (e.g., reading a book, playing, counting etc).
Variables presented in this manuscript include children’s age, gender, preschool attendance, as

well as maternal education.

Data collection procedures
Data included in this manuscript were collected from seven countries between 2013 and 17,
utilising different sampling techniques and data collection methods. Contextual information

regarding data collection procedures in each country are summarised in Table 3.2.

Participants

Characteristics of each country sample are presented in Table 3.3. Samples ranged in size from
549 children in Tuvalu to 12,191 in Samoa, with children ranging in age from 2 to 6 years. Though
the eHCI was designed to capture the development of children aged 3—5 years, the tool has also
been used to collect data on children who fall slightly outside of this age range. This is a result of

varied data collection purposes across countries. For instance, in Lao PDR, 2-year-olds were
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included in data collection as this dataset serves as the baseline measure for a randomised control
trial; younger children needed to be included at baseline to ensure they also fall into midline and
endline data collections in years to come. Each country sample had a relatively even split of males
and females; maternal education ranged from the majority of children with mothers who had never
attended school (30.2%), started (27.3%), or finished primary school in Lao PDR (29.1%), to the
majority of children with mothers who had completed secondary school (42.2%) or tertiary studies
in Tonga (17.8%); while the percentage of children who had attended preschool ranged from

23.2% in Lao PDR to 100.0% in Brazil.

Statistical analysis

First, confirmatory factor analyses (CFAs) were conducted separately for each country to
determine the fit of eHCI data to the theoretical structure of the instrument (i.e., nine
developmental domains, or eight domains in the case of Lao PDR). Next, CFAs were conducted
separately for children aged 3, 4, and 5 years old in each country (as this was the age range
consistent across all countries) to explore any variation in fit based on children’s age. Children
with missing age data were excluded from this analysis (Brazil n = 2, China n = 56, Kiribati n =
884, Lao PDR n =852, Tonga n = 53, Tuvalu n = 3). Additional CFAs were conducted for the Lao
PDR sample stratified by maternal education, to explore if fit of data to the theoretical structure of
the eHCI varied by respondent’s level of education. Specifically, the sample was split into two
groups: low maternal education (i.e., no school, started primary, finished primary) and high
maternal education (i.e., finished secondary, tertiary) and CFAs were conducted separately for
each group. Children with missing maternal education data were excluded from this analysis (n =
5). This analysis was conducted for the Lao PDR sample only, as it was the sole sample for which

data were available on the education level of all respondents.
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Table 3.1. Tongan eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Domain Item Yes/Able Missing

Is this child sickly or looked after poorly?* 826 (13.3)  5(0.1)

Physical Health Does this child have good hygiene (i.e., always wash their hands after toileting)? 4,929 (79.3) 13(0.2)
Does this child have positive habits? 4,073 (65.5) 16(0.3)

Does this child know good foods from bad foods? 3,710 (59.7) 25(0.4)

Can this child use a group of words in talking? 5,705 (91.8)  8(0.1)

Verbal Can th@s ch%ld converse with oth§rs? 5,988 (96.3) 8(0.1)
Communication Can this child talk about something that he/she has done? 5,619 (90.4) 10(0.2)
Can this child give detail with good Tongan words? 3,844 (61.9) 10 (0.2)

Can this child hold an adult like conversation (for example talkative, always questioning)? 5,078 (81.7) 16 (0.3)

Shows compassion, understanding and tolerance of others? 5,229 (84.1) 15(0.2)

Can this child identify two culturally important foods/dishes? 5,043 (81.1) 11(0.2)

Can this child identify two local plants that provide food/fruits? 4,741 (76.3) 14 (0.2)

Cultural Does this child show the Tongan cultural values of humility? 2,892 (46.5) 21(0.3)
Knowledge Does this child show the Tongan cultural values of devotion/commitment/obligation/responsibility? 2,745 (44.2) 16(0.3)
Does this child show the Tongan cultural values of reciprocity in relationships? 2,849 (45.8) 14 (0.2)

Does this child participate in cultural routines? 4,764 (76.7) 11(0.2)

Is this child able to say a short prayer? 5,503 (88.5) 16(0.3)

Is this child happy to share their toys and belongings? 5,296 (85.2)  9(0.1)

Does this child take care of their own things? 4,579 (73.7)  4(0.1)

Does this child demonstrate respect for adults? 3,870 (62.3) 11(0.2)

Does this child demonstrate respect for other children? 3,945 (63.5) 11(0.2)

Does this child accept responsibility for their actions? 4,264 (68.6) 9(0.1)

Social and Is this child considerate of other people's feelings? 4274 (68.8) 6(0.1)
Emotional Does this child repeatedly do something wrong even though he/she has been told to stop?* 3,612 (58.1) 9(0.1)
Is this child always helpful? 5,445 (87.6) 6(0.1)

Is this child friendly to other children? 5,644 (90.8)  9(0.1)

Does this child kick, bite or hit adults or other children?* 2,294 (36.9) 12(0.2)

Is this child impatient?* 3,868 (62.2) 11 (0.2)

Does this child always understand the difference between acceptable and unacceptable behaviour? 4,522 (72.8)  8(0.1)

Does this child follow simple directions on how to do something? 5,210 (83.8) 6(0.1)
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Does this child always perform tasks independently? 4,583 (73.8) 8(0.1)
Perseverance Does this child always keep at a task until they are finished? 3,348 (53.9) 9(0.1)
Does this child need constant reminding to finish something off?* 4,468 (71.9) 10(0.2)
Does this child get easily distracted from a task?* 4,664 (75.0) 14 (0.2)
Does this child show more curiosity about something new in comparison to something familiar? 4,976 (80.1) 10(0.2)
Approaches to Doe; this‘ child investigat.e/explore the functjon of a new toy/game/puzzle or object? 4,900 (78.8) 9(0.1)
Learning Is this child always wanting to learn new things? 4,850 (78.0) 12(0.2)
When in an unfamiliar environment with a familiar person, does this child feel free to explore? 3,611 (58.1) 15(0.2)
Is this child diligent in their approach to a new job or task? 3,840 (61.8) 19(0.3)
Can this child recognise geometric shapes (e.g., triangle, circle, square)? 3,322 (53.5) 13(0.2)
Can this child name and identify at least 3 colours? 4,278 (68.8)  8(0.1)
Can this child sort and classify objects by common characteristics (e.g., shape, colour, size)? 3,218 (51.8) 12(0.2)
Can this child name and recognise the symbol of all numbers from 1 to 10? 3,020 (48.6) 15(0.2)
Can this child count to 10? 5,053 (81.3) 7(0.1)
Numeracy Can this child count to 20? 2,073 (33.4) 9(0.1)
Can this child count to 100? 430 (6.9) 13(0.2)
Does this child know that a horse is taller than a dog? 4,464 (71.8) 11(0.2)
Does this child know the order of the day (e.g., morning, then afternoon and then evening)? 2,411 (38.8) 17(0.3)
Does this child understand the concepts of yesterday, today and tomorrow? 1,812 (29.2) 14(0.2)
Does this child know that a vehicle weighs more than a cup? 4,197 (67.5) 11(0.2)
Does this child know that the number 8 is bigger than the number 2? 2,258 (36.3) 16(0.3)
Does this child know the sounds of three letters of the alphabet? (phonics) 3,932 (63.5) 16(0.3)
Can this child identify at least 3 letters of the alphabet? 3,263 (52.5) 13(0.2)
Reading Can this child identify at least 10 letters of the alphabet? 2,232 (35.9) 14(0.2)
Can this child hold a book and turn the pages in the right way? 3,811 (61.3) 10(0.2)
Can this child follow reading directions (i.e., left to right, top to bottom)? 1,799 (28.9)  9(0.1)
Can this child read at least 4 popular words? 2,263 (36.4) 13(0.2)
Can this child draw something identifiable? (e.g., a stick person) 3,531 (56.8) 9(0.1)
Can this child copy (trace) the shape of a letter (e.g., A, E, F)? 3,392 (54.6) 5(0.1)
Writing Can this child write their own name? 2,428 (39.1)  9(0.1)
Can this child write short and simple words? 1,452(23.4) 9(0.1)
Can this child write short and simple sentences? 778 (12.5)  9(0.1)

Note: * = reverse scored items
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Table 3.2. Data collection contexts and procedures

Country context Year/s Respondent/s Method Data collection purpose Sample
Occupies a large area on the eastern

Children from one

Brazil coast of South America. In 2017, 2015 Preschool Penand Adaptation of the eHCI for city in Southwest
population was approx. 209000 and teachers paper the Brazilian context!'"’ BrZzil
GNI was USD8600 per capita.

In East Asia, the world’s most . Preschool Evaluate inequality in Children from two
: populous country. In 2017, population Pen and ) , .

China o1 2015/16  teachers and children’s outcomes across provinces across
was approx. 1.4 billion and GNI'was caregivers paper population groups'® Northern China
USD8690 per capita.

Comprlsed of 33 (?oral atolls and isles Preschool National baseline of child Population; aimed

Kiribati the Central Pacific. In 2017, 2017 teachers and  Tablet development to guide polic to collect data for
population was approx. 116000 and careeivers and rcl)) ramsl%g POHEY " all children aged 3-
GNI was USD3010 per capita. & Prog 5 years nationally
A landlocked country in the Southeast Baseline data for an RCT Children from five

Lao of Asia. In 2017, population was . 1 . hil , .

PDR approx. 6.9 million and GNI was 2015/16  Caregivers Tablet designed to support children’s provinces across
USD2270 ver capita early development!? Northern Lao PDR
Comprlseq of 2 main islands in the Preschool National baseline of child Population; aimed

Samoa South Pacific. In 2017, population was 2016 teachers and  Tablet development to guide policy to collect data for
approx. 196000 and GNI was careivers and droerams!® all children aged 3-
USD4090 per capita. & prog 5 years nationally
An archipelago of more than 170 Population: aimed
South Pacific islands (36 inhabited). Preschool Pen and Baseline data for an RCT to Eollec ¢ d’ata for

Tonga  In 2017, population was approx. 2013/14  teachers and aver designed to support children’s all children aced 3-
108000 and GNI was USD4010 per caregivers pap school readiness” 5 years natio r%ally
capita.

An 1slqn.d country in the South Pacific, Preschool National baseline of child Population; aimed

Tuvaly COMPrising 9 small islands. In 2017, 2015 teachers and Pen and development to guide policy to collect data for
population was approx. 11000 and paper all children aged 3-

caregivers and programs'%

GNI was USD4970 per capita.

Note. GNI = Gross National Income. RCT = Randomised Control Trial. Population and Gross National Income figures sourced from World Bank'?!

5 years nationally
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Brazil China Kiribati Lao PDR Samoa Tonga Tuvalu
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Child gender
Male 853 (47.1) 5,587 (48.9) 4,269 (51.2) 3,824 (51.0) 6,293 (51.6) 3,247 (52.3) 272 (49.5)
Female  855(47.2) 5,338 (46.7) 3,915 (46.9) 3,669 (49.0) 5,898 (48.4) 2,967 (47.7) 277 (50.5)
Missing 102 (5.6) 496 (4.3) 155 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Child age
2 years 57 (3.1) 54 (0.5) 948 (11.4) 1,410 (18.8) 1,159 (9.5) 13(0.2) 1(0.2)
Jyears 571 (31.5) 3,396 (29.7) 2,185(26.2) 1,749 (23.3) 4,377(359) 1,609 (25.9) 163 (29.7)
4years 760 (42.0) 3,329 (29.1) 2,136 (25.6) 1,867 (24.9) 4,616(37.9) 2,058 (33.1) 180 (32.8)
Syears  420(23.2) 3,360 (29.4) 2,013 (24.1) 1,599 (21.3)  2,039(16.7) 2,038 (32.8) 195(35.5)
6 years 0(0.0) 1,226 (10.7) 173 (2.1) 16 (0.2) 0 (0.0) 443 (7.1) 7(1.3)
Missing 2 (0.1) 56 (0.5) 884 (10.6) 852 (11.4) 0 (0.0) 53(0.9) 3(0.5)
Child preschool attendance
Yes 1,810 9,159 (80.2) 7,665 (91.9) 1,738 (23.2) 4,657 (38.2) 2,701 (43.5) 498 (90.7)
(100.0)
No 0(0.0) 2,176 (19.1) 674 (8.1)  5,755(76.8) 7,534 (61.8) 3,513 (56.5) 51(9.3)
Missing 0 (0.0) 86 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Maternal Education
No school - 307 (2.7) - 2,265(30.2) - - -
Started Primary - 1,242 (10.9) 714 (8.6) 2,045 (27.3) - - -
Finished Primary - 3,372(29.5) 1,438 (17.2) 2,182 (29.1) 222 (1.8) 81 (1.3) 47 (8.6)
Started Secondary - 3,563 (31.2) 2,319 (27.8) - 603 (4.9) 2,399 (38.6) 89 (16.2)
Finished Secondary - 1,358 (11.9) 2,710 (32.5) 754 (10.1) 10,037 (82.3) 2,621 (42.2) 107 (19.5)
Tertiary - 751 (6.6) 785 (9.4) 242 (3.2) 1,329(10.9) 1,107 (17.8) 117 (21.3)
Missing - 828 (7.2) 373 (4.5) 5(0.1) 0 (0.0) 0(0.0) 189 (34.4)
Total n 1,810 11,421 8,339 7,493 12,191 6,214 549

Note. Maternal education data were not collected in Brazil. In Samoa, Tonga, and Tuvalu, when responding to the maternal education item, respondents could select only one
response option pertaining to primary school and so the proportions represented against the ‘finished primary school’ category for these countries may include a combination
of children for whom their mother either started or finished primary school.
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Goodness-of-fit indices including %2 (p > 0.05 indicates good fit'**), root mean square error of
approximation (RMSEA; values < 0.06 indicate good model fit while those between 0.06 and 0.08
indicate satisfactory fit!4> 14%) the Comparative Fit Index and the Tucker-Lewis Fit Index (CFI
and TLI, respectively; values > 0.95 indicate good fit while values between 0.90 and 0.95 indicate
satisfactory fit!4147), as well as standardised factor loadings (> 0.4 considered high and thus
deemed a good indicator of the underlying construct!#®) were used to evaluate model fit. CFAs

were conducted in MPlus 7.31'4!

utilising polychoric correlation matrices and the weighted least
squares mean and variance adjusted (WLSMV) estimation method, both of which are deemed most
appropriate for use with binary-type data such as that of the eHCI'**'*, as well as oblique

(geomin) factor rotation which assumes correlations amongst factors.!**

The internal reliability of eHCI domains was also examined for each country, which is often
conducted in conjunction with factor analysis to measure how interrelated a set of items are and
thus how well they, collectively, measure the underlying construct of focus.'* Although the

majority of similar research assesses internal reliability using Cronbach’s alpha®*!73

, increasingly,
ordinal reliability coefficients, specifically ordinal alpha, are deemed to be more appropriate in the
case of evaluating the internal reliability of scales including items with binary response options in
particular.'>® As such, ordinal alpha coefficients were calculated as well as Cronbach’s alpha (>

0.70 deemed acceptable for both coefficients!'* 1°%) to allow for comparison with previous

research. These analyses were conducted using the package ‘psych’ in R-Studio.!>

3.3.4 Results

Model fit indices yielded from a CFA for each country are presented in Table 3.4. Although a
statistically significant 2 indicates poor model fit, this test is sensitive to sample size and thus

large samples are likely to yield significant %2 values.'*> !> Considering country samples were
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large, we instead rely more heavily on other fit indices. While y2 values were statistically
significant in all countries, RMSEA values indicated good model fit (i.e., < 0.06) in each country
with the exception of Samoa, for which the RMSEA value (0.07) indicated satisfactory fit. CFI
and TLI values were > 0.90 in all countries, again indicating satisfactory fit of eHCI data to the
theoretical structure of the instrument (i.e., 9 developmental domains, or 8 domains in Lao PDR).
Table 3.4 also presents model fit indices from CFAs conducted separately for 3, 4, and 5-year-old
children, demonstrating relatively inconsistent results across countries. For instance, although
model fit indices indicated better fit of data to the theoretical structure of the eHCI for 5-year-old
children in Brazil and Samoa, slightly better fit was observed for 3-year-olds in Tonga and Tuvalu,

relative to that of older children.

Table 3.4. Model fit indices from confirmatory factor analyses in each country

X2 (df) RMSEA (90% CI) CFI TLI

Brazil  Full sample 459548 (1503)  0.034 (0.033-0.035)  0.94 0.94
3-year-olds 3772.55(1394)  0.055(0.053-0.057)  0.75 0.74
4-year-olds 4413.833 (1503)  0.050 (0.049-0.052)  0.82 0.80
5-year-olds 2157.71 (1448)  0.034 (0.031-0.037)  0.92 0.92

China  Full sample 35272.80 (1616)  0.043 (0.042-0.043)  0.92 0.92
3-year-olds 10356.63 (1616)  0.040 (0.039-0.041)  0.94 0.93
4-year-olds 12039.11 (1616)  0.044 (0.043-0.045)  0.87 0.86
5-year-olds 9892.98 (1616)  0.039 (0.038-0.040)  0.84 0.83

Kiribati  Full sample 28191.32(1979)  0.040 (0.039-0.040)  0.93 0.93
3-year-olds 8200.71 (1979)  0.038 (0.037-0.039)  0.92 0.92
4-year-olds 7057.17 (1682)  0.039 (0.038-0.040)  0.91 0.91
5-year-olds 6245.19 (1979)  0.033 (0.032-0.034)  0.91 0.91

Lao PDR Full sample 22116.62 (1456)  0.044 (0.043-0.044)  0.90 0.90
3-year-olds 4744.53 (1456)  0.036(0.035-0.037)  0.87 0.86
4-year-olds 5528.15(1456)  0.039 (0.038-0.040)  0.86 0.85
5-year-olds 5379.22 (1456)  0.041 (0.040-0.042)  0.89 0.89

Samoa  Full sample 89517.11 (1674)  0.066 (0.065-0.066)  0.94 0.93
3-year-olds 31146.12 (1616)  0.065 (0.064-0.065)  0.93 0.93
4-year-olds 3471258 (1674)  0.065 (0.065-0.066)  0.94 0.93
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5-year-olds 14613.05 (1674)  0.062 (0.061-0.062)  0.94 0.94
Tonga  Full sample 23936.63 (1793)  0.045 (0.044-0.045)  0.93 0.93
3-year-olds 6172.07 (1793)  0.039 (0.038-0.040)  0.91 0.91
4-year-olds 7724.07 (1793)  0.040 (0.039-0.041)  0.92 0.92
5-year-olds 7839.75 (1793)  0.041 (0.040-0.042)  0.90 0.90
Tuvalu  Full sample 414474 (2043)  0.043 (0.041-0.045)  0.95 0.94
3-year-olds 254033 (2043)  0.039 (0.033-0.043)  0.95 0.95
4-year-olds 2483.74 (1854)  0.043 (0.039-0.048)  0.89 0.88
5-year-olds 2600.80 (2043)  0.037 (0.033-0.042)  0.89 0.89

Note. p < .001 for all models, df = degrees of freedom, CI = confidence interval. Differing df across CFAs within a
country highlight instances where items were dropped from the model to enable estimation of model parameters. In
Brazil, read6 and write6 were dropped from the 3yo CFA, and writel was dropped from the Syo CFA. In Kiribati, all
phys items were dropped from the 4yo CFA. In Samoa, phys2 was dropped from the 3yo CFA. In Tuvalu, phys3,
phys4, and phys5 were dropped from the 4yo CFA.

Standardised factor loadings yielded from full sample CFAs are presented in Table 3.5 for Tonga,
and Supplementary Tables 3.7-3.12 (Appendix C) for remaining countries. Items had factor
loadings > 0.40 across domains and countries with few exceptions. Items that form Numeracy,
Reading, and Writing domains in particular had high factor loadings (> 0.80 on average)
consistently across countries with few exceptions, while the strength of factor loadings for
remaining developmental domains tended to be more varied across countries. For example, factor
loadings for items in the Verbal Communication domain in China ranged from 0.52-0.90, while
those in Lao PDR ranged from 0.73—0.94. Similarly, factor loadings for items in the Cultural
Knowledge domain in Lao PDR ranged from 0.58—0.83, while those in Brazil ranged from 0.76—
0.99. Reverse scored items in Physical Health, Social and Emotional Skills, and Perseverance
domains had weak factor loadings in all countries but Brazil. In contrast, Brazil was the only
country in which some non-reverse-scored items had weak factor loadings. Specifically, Reading
item 6 for which just under 2% of children were reported to be able to read complex sentences had
a factor loading of 0.36, and Writing item 1 for which all but just under 2% of children were

reported to be able to scribble on paper had a factor loading of 0.21.
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F1

F2

F3

F4

F5

Fo6

F7

F8

F9

Phys 1
Phys 2
Phys 3
Phys 4
Comm 1
Comm 2
Comm 3
Comm 4
Comm 5
Cult 1
Cult 2
Cult 3
Cult 4
Cult 5
Cult 6
Cult 7
Cult 8
Soc 1
Soc 2
Soc 3
Soc 4
Soc 5
Soc 6
Soc 7
Soc 8
Soc 9
Soc 10
Soc 11
Soc 12
Soc 13
Persev 1
Persev 2
Persev 3
Persev 4
Appr 1
Appr 2
Appr 3

0.10
-0.73
-0.69
-0.82

0.81
0.91
0.96
0.85
0.65

0.81
0.88
0.88
0.88
0.88
0.88
0.66
0.73

0.65
0.70
0.88
0.88
0.61
-0.10
-0.73
0.69
0.65
0.05
-0.14
0.81
0.82

0.76
0.77
-0.11
-0.46

0.82
0.90
0.90
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Appr 4 0.68

Appr 5 0.93

Num 1 0.86

Num 2 0.85

Num 3 0.86

Num 4 0.86

Num 5 0.79

Num 6 0.79

Num 7 0.76

Num 8 0.84

Num 9 0.85

Num 10 0.85

Num 11 0.84

Num 12 0.87

Read 1 0.77

Read 2 0.93

Read 3 0.92

Read 4 0.78

Read 5 0.89

Read 6 0.75

Writ 1 0.86
Writ 2 0.94
Writ 3 0.93
Writ 4 0.96
Writ 5 0.94

Note. Phys = Physical Health, Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and
Emotional, Persev = Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ =
Writing.

Table 3.6 presents model fit indices for CFAs for low versus high maternal education in Lao PDR,
with standardised factor loadings presented in Supplementary Tables 3.13-3.14 (Appendix C).
RMSEA, CFI and TLI values indicated better fit of eHCI data to the theoretical structure of the
instrument (i.e., 8 domains in Lao PDR) when respondents had a higher level of education. Factor

loadings for reverse-scored items in Social and Emotional Skills and Perseverance domains,

however, were weak across both education groups.
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Table 3.6. Model fit indices from confirmatory factor analyses in Lao PDR grouped by maternal

education
X2 (df) RMSEA (90% CI) CFI TLI
Low maternal education 19188.69 (1456)  0.043 (0.043-0.044)  0.90  0.89
High maternal education 3222.03 (1456)  0.035(0.033-0.037)  0.94  0.93

Note. p < .001 for all models, df = degrees of freedom, CI = confidence interval.

Finally, Table 3.7 presents internal consistency coefficients for eHCI domains in each country,
demonstrating varied results across domains. The Numeracy domain had consistently high internal
reliability across countries, with ordinal a > .91, which is considered high.'>" Verbal
Communication (ordinal a > 0.87), Cultural Knowledge (ordinal o > 0.79), Social and Emotional
Skills (ordinal a > 0.70), Approaches to Learning (ordinal a > 0.86), Reading (ordinal o > 0.87),
and Writing (ordinal a > 0.78) domains also yielded internal consistency coefficients deemed to
be acceptable across countries. In contrast, the remaining two domains, Physical Health and
Perseverance, demonstrated less than satisfactory internal reliability with ordinal a < 0.70 in all
countries with the exception of Tuvalu and Kiribati on the Physical Health domain (ordinal a =
0.77 and 0.76, respectively) and Tuvalu (ordinal o = 0.75) and Brazil (ordinal a = 0.75) on the

Perseverance domain.

3.3.5 Discussion

The current study presents the psychometric properties of scores produced by the eHCI in seven
low- and middle-income countries. Results demonstrated adequate fit of eHCI data to the
theoretical structure of the instrument measuring children’s development across 9 domains (or 8
domains in the case of Lao PDR). Overall, findings lend support to the aims of the eHCI in being
adaptable and applicable for use within a range of low- and middle-income countries to facilitate

measurement of children’s early development.®
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Brazil China Kiribati Lao PDR Samoa Tonga Tuvalu

Ca Oa Ca Oa Ca Oa Ca Oa Ca Oa Ca Oa Ca Oa

Physical Health 20 .52 25 .43 61 .76 - - 34 48 47 .56 61 .77
Verbal Communication 67 .93 67 .87 78 91 70 .88 78 .90 69 .92 73 .93
Cultural Knowledge 52 .89 .80 .90 .84 .93 53 .79 .89 .95 79 .89 82 .92
Social and Emotional .85 .95 71 .84 .83 91 73 .84 .85 .90 S50 .70 .80 .91
Perseverance 75 .89 A48 .62 26 .33 A5 .17 38 45 23 31 .60 .75
Approaches to Learning .71 .91 .70 .86 .67 .86 74 .88 85 94 .80 .91 73 .90
Numeracy .84 .94 .87 .95 .86 .94 .80 91 92 .97 .89 .96 90 .97
Reading .61 .87 79 .90 79 91 72 91 87 .95 82 .92 82 .93
Writing 78 .87 59 78 .83 .94 .65 .93 .89 .96 .83 .96 83 94

Note. Ca.= Cronbach’s alpha, Oa = Ordinal alpha
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Psychometric findings

Samples utilised in this research differed considerably across countries in terms of children’s
demographic backgrounds, data collection methods and purposes, as well as sampling
techniques and sizes. Although it might be argued that such differences present a challenge to
exploring and comparing the validity and reliability of the eHCI within multiple contexts, this
is the pragmatic nature in which the instrument was intended to be used; for a range of purposes
and across varied contexts. As Yapa and Bérnighausen discuss, the resource constraints that
come with research in low- and middle-income countries are often the driving force behind
creative solutions.'’® As such, we argue that there is strength in that the eHCI was found to
demonstrate a common underlying factor structure within the varied contexts in which the

instrument has been implemented.

Numeracy, Reading, and Writing domains in particular were found to be working consistently
across countries. Items that form these domains had high factor loadings and these scales had
high internal reliability across countries. Similar results have been reported for other measures
of children’s development, for instance, factor analyses of domains that constitute the EDI, a
teacher-completed checklist measuring children’s holistic development in their first year of
school, have demonstrated the Language and Cognitive Development domain (which captures
children’s literacy and numeracy skills) to have the best fit across multiple countries.>
Examination of items that form Numeracy, Reading, and Writing domains in the eHCI
highlight that little adaptation of these items was required across countries. For instance, the
Numeracy domain covers the same concepts of shape, colour, and number recognition,
counting ability, and knowledge of numerical concepts such as time and weight, across
countries. This might suggest these domains to be the more universal aspects of children’s
development, indeed such skills have been demonstrated to be important predictors of

157, 177

outcomes throughout the life course , and thus results are consistently strong across
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countries. Such skills are also arguably more easily observable (i.e. it is likely that a caregiver
or teacher knows if a child can read or count, as opposed to whether they know if a child is
always wanting to learn new things as measured in the Approaches to Learning domain, or if a
child knows good from bad foods as captured in the Physical Health domain), which may also

have had an influence on results.

In contrast, results across Physical Health, Verbal Communication, Cultural Knowledge, Social
and Emotional Skills, Perseverance, and Approaches to Learning domains tended to
demonstrate more variation across country samples. This is unsurprising considering the nature
of the skills measured by these domains, including health and hygiene practices, verbal
communication abilities, knowledge of culture and culturally acceptable behaviours, social
interactions and emotional regulation, as well as how tasks are approached and the ability to
complete them, which are aspects of development that would be considered to be more
contextually and culturally specific. To illustrate, although Social and Emotional Skills was
demonstrated to be one of the distinct domains that the eHCI captures within each country,
variation in the strength of factor loadings of items that form this domain between Brazil and
Lao PDR might be, in part, explained by cultural differences in social interactions and the
expression of emotions between the two countries. Item factor loadings were lower in Lao PDR
(on average around 0.65-0.70), an individualistic culture in which emotion is perceived to be
experienced internally within an individual, whereas the same item loadings were higher in
Brazil (on average around 0.80—0.85), a collectivist culture whereby emotions are thought to
occur between people and thus are expressed openly.'”® These results could also be attributed
to variation in methodological bias across countries.!” For instance, acquiescence, the
tendency to agree with statements, has been demonstrated to be more common in collectivist
cultures.'®® Variation of results across countries in this way highlights the important influence

of culture on the measurement of children’s development, and the need for tools to capture not
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only the aspects of children’s development that are important predictors of later outcomes, but
to also be aligned with local culture in order to produce information that both accurately reflects

children’s abilities and is relevant to local policy and practice.”® 72

Reverse-scored items in the Physical Health, Social and Emotional, and Perseverance domains
had weak factor loadings in all countries but Brazil, indicating that, compared to other items,
they are poorer measures of the underlying constructs being measured by these domains. These
results reflect initial findings from analyses conducted in Tonga following the development of
the tool, with Rasch analyses indicating that a number of reverse-scored items did not fit the
model well relative to other items.”® It is possible that enumerators and/or respondents had
difficulty in understanding and/or responding to these negatively worded items. Previous
research has shown that reverse-scored items tend to load onto a factor separate to the construct
they are intended to measure, that instead reflects aspects of item method.!8! '¥2 This was not
observed in Brazil however, and this could be due to sample differences in this context relative
to other countries. Specifically, Brazil was the only sample for which only preschool teachers
completed the eHCI, as opposed to a combination of children’s caregivers and teachers, or
caregivers only as in other samples. It might be that children’s caregivers and teachers do not
respond to the eHCI in the same way, or that a minimum level of education or literacy is
required to understand and respond to items. Indeed, results demonstrated better fit of data to
the theoretical structure of the eHCI in Lao PDR amongst more educated caregivers who
responded to the tool, compared to those less educated. However, weak factor loadings for
reverse-scored items were maintained when analyses were run separately for caregivers who
had low versus high education. Together, results raise important questions regarding

respondent reliability that need to be explored by future research.

When considering children’s age in determining how the instrument is operating, results were

inconsistent across countries (i.e., in some countries best fit was observed for 3-year-olds and
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in others for 5-yearolds), and with the exception of Brazil, model fit indices did not vary in
magnitude greatly, indicating that he eHCI appears to work relatively consistently across the
age range of 3-5 years. Although these results provide some insight into how effective the
eHCI is in measuring development across children of different ages, analyses focused on the
discriminant validity of the tool, including if items capture a continuum of development for

children of different ages, are needed to further explore this question.

Finally, internal reliability results for Physical Health and Perseverance domains indicated that
items that form these domains, collectively, are not a good measure of these underlying
constructs. It is possible that this is a result of reverse-scored items (which could be measuring
constructs separate to that intended) making up a large proportion of these domains (i.e. one in
two items in the Perseverance domain are reverse-scored across countries, while for the
Physical Health domain this is the case for one in two items in Brazil, one in three items in
Samoa and China, one in four items in Tonga, and one in five items in Tuvalu and Kiribati).
Nevertheless, local adaptation of the tool in each country deemed all items important to
children’s early development in their contexts, and thus it was not the intention of the current
research to exclude items on the basis of psychometric results. An example is the first item in
the Physical Health domain regarding children being frequently sick. Although we would not
naturally assume that this item measures a child’s skills or capabilities (and subsequently it
does not work well in the model), in the contexts of countries of focus whereby illness is
common, it was deemed important for the eHCI to provide information regarding children’s

experience of illness as one aspect of their holistic development.

Study limitations
When interpreting results of the study, it is important to be cognisant of three limitations. First,
although the majority of countries studied utilized a census approach to data collection and thus

are considered nationally representative, sampling strategies employed in Brazil, China, and
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Lao PDR (see Table 3.2) posit that results may differ if eHCI data were to be collected on
nationally representative samples in these countries. Next, results indicate that reverse-scored
items may not be operating as intended. Beyond analyses presented in this study, however, the
information required to be able to explore this further (for example, insight into respondents’
understanding of reverse-scored items) is not currently available. Finally, it is important to
reiterate that demonstrating consistent internal factor structure and reliability, as has been done
in this study, is not complete evidence of a valid tool and must be considered together with

results from additional psychometric analyses.

Study implications

Relative to other measures of early childhood development currently utilised, the eHCI requires
minimal resources to be implemented. Initial psychometric results suggest that this has not
come at the cost of the validity and reliability of the instrument. Demonstrating a consistent
internal factor structure and reliability is one important aspect of the comprehensive evaluation
of an instrument’s validity and reliability. Although not within the scope of the current study,
additional work is underway to explore the extent to which eHCI domains can discriminate
amongst children’s abilities by a range of demographic and contextual variables, are associated
with scores on other measures of child development, show reliability amongst respondents, and
are able to predict children’s future outcomes. A low-burden instrument that is both easily
adaptable and psychometrically robust within multiple contexts in this way has potential utility
internationally. Indeed, such a tool might better enable population monitoring of children’s
development, as is required for the tracking of progress towards the Sustainable Development

Agenda, particularly in low- and middle-income countries.

In terms of the reporting of and utilisation of data produced by the eHCI, results suggest that
eHCI data should continue to be reported across the instrument’s 9 theoretically based

developmental domains, or 8 domains in the case of Lao PDR. Reporting of children’s
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development across different areas of development in this way enables the identification of
areas of both strength and need, and as a result can help to shape more targeted approaches to
intervention or policy development. SDG 4.2 however, calls for the monitoring of children who
are “developmentally on track”, a concept that, as with children’s development more broadly,
is likely to vary across contexts. As such, if the eHCI is to be recommended to track progress
against SDG 4.2 in future, research needs to not only work to further validate the instrument,

but also determine how “developmentally on track™ might be classified utilising eHCI data.

Conclusion

Initial psychometric results demonstrate that scores produced by the eHCI, after processes of
local adaptation, translation and implementation, maintained a similar factor structure of 9
theoretically based developmental domains (or 8 domains in the case of Lao PDR) within a
range of low- and middle-income countries. Future research is needed to build on these results
and help to determine if the eHCI is able to fulfil its purpose of being a reliable, valid, and
feasible tool which can help to facilitate the evaluation of early childhood policies and
programs as well as measurement and monitoring of children’s development in the early years,

particularly in low- and middle-income countries.
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Chapter 4: Does the eHCI have adequate validity, and does this vary across seven

LMICs?

4.1 Chapter outline

With the internal factor structure and reliability of the eHCI established, the next study focused
on investigating the validity of the instrument. This chapter presents the second paper
contributing to this thesis. The article was published in Social Science and Medicine —

Population Health in June 2020 and is presented in Appendix D.!

Relative to other population measures of early childhood development available at the time the
tool was developed, the eHCI requires minimal resources to be implemented. Specifically, it is
available for anyone to use free of charge, little training is required, and it can be completed by
an adult who knows the child (e.g., caregiver, teacher) in approximately 10 minutes. It was
important to investigate whether such characteristics, designed to maximise feasibility for use
at scale, compromised the validity of scores produced by the tool. This study used data from
across seven LMICs to explore the convergent, divergent, and discriminant validity (i.e.,
aspects of construct validity), as well as concurrent validity (i.e., an aspect of criterion validity)
of the eHCI, through correlations and linear regressions, seeking to provide further evidence

that the eHCI was capturing what it was designed to measure.

The strongest associations across eHCI domains in all countries were observed among those
measuring literacy and numeracy, demonstrating convergent and divergent validity. Findings
demonstrated that eHCI domain scores discriminated between the development of children as
theoretically expected, across countries. For instance, development scores increased with child
age and on average, girls scored slightly higher than boys across developmental domains. Being

stunted was associated with poorer eHCI scores, while attending preschool was associated with
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better development. Further, differences between scores among older and younger children,
stunted and non-stunted children, and children who did and did not attend preschool, were
largest on domains capturing literacy and numeracy skills, with smaller differences on
remaining domains. This was aligned with theoretical expectations considering the
relationships between children’s age, preschool attendance, and stunting with cognitive
development. Overall, results provided evidence for the discriminant validity of the tool across
countries. Lastly, concurrent validity was evident through associations with direct assessment

of children’s literacy and numeracy skills in Lao PDR, as hypothesised.

Although associations observed among eHCI domains and with child and family characteristics
were relatively consistent overall, some variation in results across countries reflected the
context-specific nature of early childhood development measurement, lending support to the
need for measures to generate information that reflects local settings. For example, variation in
the strength of the association between caregiver-child interactions and eHCI scores may
reflect cultural and/or contextual factors, including those related to caregiving practices and
early years service provision. Importantly, findings from this study also suggested that although
the eHCI was designed to measure development among children aged 3 to 5 years, the
instrument may be validly applied to children aged 2 to 6 years. This expands potential
application of the tool as discussed in Chapter 7. Additionally, results indicated that both
caregivers and teachers provided responses to the eHCI that were valid. This is aligned with
the instrument’s intended pragmatic, feasible nature in that information can be collected

through methods (i.e., respondents) most convenient in any particular setting.

Together, the first two papers in this thesis demonstrated that the eHCI was able to provide
valid measurement of early childhood development in a range of countries, among children of

a wide age range, with various respondents. With these aspects of reliability and validity
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established, the next step undertaken in the process of exploring the psychometric properties

of the tool was assessment of how well the eHCI predicts children’s later outcomes.
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4.3 Measuring early child development in low- and middle-income countries: Investigating the

validity of the early Human Capability Index
4.3.1 Abstract

Inclusion of early child development in the United Nations Sustainable Development Agenda
raises issues of how this goal should be monitored, particularly in low resource settings. The
aim of this paper was to explore the validity of the early Human Capability Index (eHCI); a
population measure designed to capture the holistic development of children aged 3-5 years.
Convergent, divergent, discriminant and concurrent validity were examined by exploring the
associations between eHCI domains and child (sex, age, stunting status, preschool attendance)
and family (maternal education, home learning environment) characteristics. Analyses were
repeated using data from seven low- and middle-income countries: Brazil (n = 1,810), China
(n = 11,421), Kiribati (n = 8,339), Lao PDR (n = 7,493), Samoa (n = 12,191), Tonga (n =
6,214), and Tuvalu (n = 549). Correlations and linear regressions provide evidence that within
these country samples, the tool is capturing the aspects of early child development that it was
designed to measure. Although the tool was intended to measure development of children aged
3-5 years, results suggest it can be validly applied to children aged 2-6 years. The eHClI is free,
requires minimal implementation resources, captures development across domains and
abilities, and is designed to allow cultural and contextual concepts to be included. The eHCI
appears psychometrically robust in diverse country contexts and could enable evaluation of
early years policies and programs, as well as monitoring of children’s development to track

progress towards the Sustainable Development Agenda.
4.3.2 Introduction

Monitoring children’s outcomes is key to improving understanding of the early determinants

of health and development because it helps identify the supports required to enable children to
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reach their developmental potential.®! Tracking child health and development in low- and
middle-income countries (LMICs) is a challenge due to lack of appropriate tools and capacity
to implement measurement. The early Human Capability Index (eHCI) was designed to
measure holistic development in children aged 3-5 years, be feasible for use in low resource
settings, and capture locally-relevant early child development (ECD).!®* This paper explores
the convergent, divergent, discriminant, and concurrent validity (Figure 4.1) of the eHCI in

several LMICs, highlighting how the tool could enable ECD measurement in these contexts.

Figure 4.1. Types of validity explored in the current study

Convergent validity is evident when measures of theoretically related constructs are highly correlated.

Divergent validity is evident when measures of theoretically less related constructs are not highly correlated.

Discriminant validity is evident when measures produce scores that differ according to participant
characteristics, such as sex and age, as theoretically expected.

Concurrent validity is evident when measures of constructs are highly correlated with previously established

measures of the same construct.

The SDG challenge: characteristics of a useful measure of ECD in LMICs

Sustainable Development Goal (SDG) 4.2 is focused on ECD. To track progress against this
target, countries are seeking population measures to better understand their children’s early
health and development. In addition to being psychometrically robust, such a measure needs to
be cost-effective, therefore fees to use the tool, enumerator training required, and
administration time need to be minimal.?® It should cover a range of development as well as
levels of ability, and importantly, be sensitive enough to detect changes in children’s
capabilities.’® Further, such a tool should be adaptable across diverse cultures and contexts so
that it not only accurately reflects children’s abilities, but also captures locally-relevant and

culturally-influenced aspects of development to inform local policy and practice.”’
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The selection of a tool for the purposes of measuring ECD requires compromise among
different priorities and measurement ideals determined by the aims of assessment, the age range
of children, and any financial and logistical constraints. For instance, although the direct
assessment of ECD® is often argued to produce scores with less bias than those through a
measure of adult report!83, this method of assessment requires highly trained enumerators, is
more time consuming to conduct, more costly to implement and is infeasible for whole-of-
population implementation.”® Although adult report measures are generally more cost-effective
as they are quick and simple to administer and do not rely on developmental expertise to be
delivered °!, often such tools are based on developmental milestones with a pass or fail
outcome, lacking the sensitivity required to detect changes in development over time.>

Although tools that produce globally comparable results '3

allow for monitoring of ECD across
countries, such instruments may not be aligned with local culture or early learning and

development frameworks, and thus the information they produce may have limited utility

locally.”® Local ‘ownership’ of results is crucial for local action to invest in ECD.

Measuring ECD at a population-level

Existing population-level measures of ECD include the Early Development Instrument (EDI)
and UNICEF’S Multiple Indicator Cluster Survey-Early Childhood Development Index
(MICS-ECDI). The EDI was the first population-level measure of ECD to be implemented in
multiple countries including Canada, the United States, Jamaica, and Australia.'®” The 100-
item checklist is completed by teachers of children in the first year of full-time school. The
EDI formed the basis of the Australian Early Development Census (AEDC), a triennial national
census of ECD which has captured over 1.2 million children across Australia to date.’ The
most widely utilised population-level measure of ECD is the MICS-ECDI. Consisting of 10
caregiver-reported items for children aged 3-4 years, the ECDI has been embedded in the MICS

(i.e. a household survey) to collect globally comparable ECD information in more than 80
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countries.”® Characteristics of both tools pose challenges to their use in diverse, low resource
settings. For instance, the EDI licensing requirements and the specific intention of the ECDI

for international comparison limit adaptation to local culture and context.

Early Human Capability Index

The eHCI was developed to facilitate program evaluation in Tonga by monitoring population-
level child development.” % The tool has been adapted to support a range of early child
education and development projects in several LMICs.!>197 Utilising these data, the internal
structure of the eHCI was explored, with results demonstrating a similar factor structure of nine
theoretically-based developmental domains across countries.'3* The current study examines the
tool’s convergent, divergent, discriminant, and concurrent validity using data from seven
LMICs: Brazil, China, Kiribati, Lao People’s Democratic Republic (PDR), Samoa, Tonga, and
Tuvalu. We examine associations between eHCI domain scores for evidence of convergent and
divergent validity; the ability of eHCI domain scores to discriminate among children of
different age, sex, stunting status, preschool attendance, maternal education, and home learning
environments (discriminant validity); and associations between scores on eHCI domains and

direct assessment of literacy and numeracy for evidence of concurrent validity.

4.3.3 Method

Participants

Data from seven country samples were utilised (Table 4.1). Sample sizes ranged from 549 in
Tuvalu to 12,191 in Samoa, with children aged between 2-6 years. Data were collected from
2013-17 through studies funded for program evaluation and population monitoring purposes
by local, national, and international agencies that utilised different sampling techniques and
data collection methods (Supplementary Table 4.1; Appendix E). In Brazil, data were collected

from teachers for children attending all 37 public schools in a city in Southern Brazil, to identify
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areas of intervention and enable evaluation of ECD programs.'®” In China, data were collected
for children in two Northern provinces selected by the China Development Research
Foundation on the basis of pre-existing programs in these areas.'”> Respondents were a
combination of children’s caregivers and teachers, with data collected to explore development
across different population groups, as well as to form a baseline of ECD before further
intervention. In Lao PDR, data were collected from children’s caregivers to form the baseline
for a randomised control trial. Five Northern provinces were selected by the Government of
Lao PDR based on high levels of poverty, and 14 districts within these provinces were selected
on the basis of presence of a district level education office. All villages within selected districts
in which at least 20 children resided were sampled, and random sampling methods were used
to select 20 households in each village.!%? In Kiribati, Samoa, Tonga, and Tuvalu, a census
approach was employed with data collection seeking to capture information from a

combination of caregivers and teachers for every child aged 3-5 years nationally.”- 102104

Measures

Early Human Capability Index

The eHCI is unlicensed and free to use, requires minimal enumerator training, and can be
completed quickly by an adult familiar with the child. Thus, the eHCI can be implemented
feasibly across large populations in low resource settings. The tool captures both positive and
negative aspects of how a child is developing, rather than developmental delay only. The eHCI
places children on a developmental continuum which improves ability to detect changes in
development over time and/or through intervention. Further, the eHCI was designed to be
adapted to local culture and context for a range of purposes, including population monitoring,
evaluation of early years policies and programs, and longitudinal studies seeking to predict

children’s future capabilities.
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Brazil China Kiribati Lao PDR Samoa Tonga Tuvalu
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Female 855(47.2) 5338(46.7) 3,915(46.9) 3,669 (49.0) 5,898 (48.4) 2,967 (47.7) 277 (50.5)
Missing 102 (5.6) 496 (4.3) 155 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Age
2 years 57 (3.1) 54 (0.5) 948 (11.4) 1,410 (18.8) 1,159 (9.5) 13(0.2) 1(0.2)
3 years 571 (31.5) 3,396(29.7) 2,185(26.2) 1,749 (23.3) 4,377 (35.9) 1,609 (25.9) 163 (29.7)
4 years 760 (42.0)  3,329(29.1) 2,136 (25.6) 1,867(24.9) 4,616(37.9) 2,058 (33.1) 180 (32.8)
5 years 420 (23.2) 3,360(29.4) 2,013(24.1) 1,599 (21.3) 2,039(16.7) 2,038 (32.8) 195 (35.5)
6 years 0(0.0) 1,226 (10.7) 173 (2.1) 16 (0.2) 0 (0.0) 443 (7.1) 7(1.3)
Missing 2(0.1) 56 (0.5) 884 (10.6) 852 (11.4) 0 (0.0) 53(0.9) 3(0.5)
Stunted
Yes - 1,602 (14.0) 1,935(23.2) 3,652(48.7) 2,332(19.1) 374 (6.0) 132 (24.0)
Missing - 1,342 (11.8) 1,401 (16.8) 852 (11.4) 0 (0.0) 91 (1.5) 98 (17.9)
Preschool
Attended 1,810 (100.0) 9,159 (80.2)  7,665(91.9) 1,738 (23.2) 4,657 (38.2) 2701 (43.5) 498 (90.7)
Missing 0 (0.0) 86 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Maternal Education
No school - 307 (2.7) - 2,265(30.2) - - -
Started Primary - 1,242 (10.9) 714 (8.6) 2,045 (27.3) - - -
Finished Primary - 3,372(29.5) 1,438(17.2)  2,182(29.1) 222 (1.8) 81 (1.3) 47 (8.6)
Started Secondary - 3,563 (31.2) 2,319(27.8) - 603 (4.9) 2,399 (38.6) 89 (16.2)
Finished Secondary - 1,358 (11.9) 2,710 (32.5) 754 (10.1) 10,037 (82.3) 2,621 (42.2) 107 (19.5)
Tertiary - 751 (6.6) 785 (9.4) 242 (3.2) 1,329(10.9) 1,107 (17.8) 117 (21.3)
Missing - 828 (7.2) 373 (4.5) 5(0.1) 0 (0.0) 0 (0.0) 189 (34.4)
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Home learning environment

Read to ; _3,930(47.1)  2,149(28.7)  2,424(19.9) 3,566 (57.4) 297 (54.1)

Missing ; ; 6(0.1) 0(0.0) 3,470(28.5) 704 (11.3) 164 (29.9)

Tell story - _ 5,.886(70.6) 1,903 (254) 2,856 (23.4) 3,836(61.7) 337 (61.4)

Missing - - 6(0.1) 0(0.0) 3,470(28.5)  702(11.3) 165 (30.1)
Sing/dance - - 4964(59.5) 2215(29.6) 5,043 (41.4) 5,025(80.9) 353 (64.3)
Missing . . 6(0.1) 0(0.0) 3,470(28.5)  700(11.3) 165 (30.1)

Play - _ 4774(572)  1341(17.9) 4800 (39.4)  5180(83.4) 359 (65.4)

Missing ; ; 6(0.1) 0(0.0) 3470(28.5)  699(11.2) 165 (30.1)

Go outside - _ 3455(41.4)  1775(23.7) 4722(38.7)  5174(83.3)  338(61.6)
Missing . . 6(0.1) 0(0.0) 3470(28.5)  700(11.3) 165 (30.1)

Name, count, draw - - 3380(40.5) 2280(30.4) 2720(22.3) 3152(50.7) 309 (56.3)
Missing . . 6(0.1) 0(0.0) 3470(28.5)  701(11.3) 166 (30.2)

Books in home - 3,948 (47.3) ~ 6253(51.3) 4129 (66.4) -
Missing ; ; 267 (3.2) : 0(0.0) 11(0.2) ;

Total n 1,810 11,421 8,339 7,493 12,191 6,214 549

Note. Children’s height and weight, maternal education, and home learning environment data were not collected in Brazil. Home learning environment data were not collected
in China. Information regarding books in the home was not collected in Lao PDR and Tuvalu. In Samoa, Tonga, and Tuvalu, when responding to the maternal education item,
respondents could select only one response option pertaining to primary school and so the proportions represented against the ‘finished primary school’ category for these

countries may include a combination of children for whom their mother either started or finished primary school.
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The eHCI includes approximately 60 items (ranging from 56 in Lao PDR to 66 in Tuvalu)
designed to measure ECD across nine domains: Physical Health, Verbal Communication,
Cultural Knowledge, Social and Emotional Skills, Perseverance, Approaches to Learning,
Numeracy, Reading, and Writing. The eHCI underwent a local adaptation process to ensure
the tool’s content and face validity in each country. Thus, although many items are similar
across different adaptations of the eHCI, some items and domains differ across countries. For
instance, the Perseverance domain is measured by the same four items across all adaptations
of the instrument, while the Physical Health domain varies from 2 items in Brazil to 5 items in
Kiribati and Tuvalu, while the Laotian version of the eHCI does not capture physical health.!”!
In each country, all items are applied to all children (i.e., rather than a sub-group of items for
different age groups). Response options for each item are binary (yes/no, able/unable, can do
already/cannot do yet). Most items are positively worded so that the yes/able/can do already
responses were scored as 1, and the no/unable/cannot do yet responses were scored as 0. A
small number of items (ranging from 4 in Kiribati and Lao PDR to 6 in Tonga) are negatively
worded and were reverse scored. Individual item scores were averaged so that children received
a score for each domain ranging from 0 to 1, with higher scores indicative of better

development.

Demographic characteristics
Children’s demographic characteristics were collected alongside the eHCI in each country,
including child age, sex, previous or current preschool attendance, and their mother’s highest

level of education (except in Brazil).

Stunting
Children’s height and weight were also recorded at the time of data collection in each country

(except in Brazil). Anthropometric measures were converted into World Health Organization
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Child Growth Standards height-for-age z-scores, and stunting was defined as a height-for-age

z-score < -2.134

Home learning environment

Information about caregiver-child engagement in six types of learning activities at home was
also collected alongside the eHCI in each country (except in China and Brazil). These binary
questions (yes/no) were based on items from the Multiple Indicator Cluster Surveys (MICS)
questionnaire for children under five'*® and asked if, in the last 3 days (or in the last 7 days in
Lao PDR and Tonga), a member of the household aged 15 years or above had: read books or
looked at picture books with the child; told stories to the child; sang songs or danced with the
child; played with the child; took the child outside of the home; and named, counted or drew
with the child. In Kiribati, Samoa, and Tonga, respondents were also asked if there were

reading materials in the home (also based on the MICS with a yes/no response option).

Literacy and numeracy

Concurrent to administration of the eHCI in Lao PDR, children’s literacy and numeracy were
measured via direct assessment. These assessments were based on items from the Early Grade
Reading Assessment (EGRA) and the Early Grade Maths Assessment (EGMA), and adapted
to the context in Lao PDR.!%2 The EGRA and EGMA have been adapted for use in a number
of countries, with the reliability and validity of the EGRA in particular, well established.!3® In
Lao PDR, children were assessed on six aspects of early literacy and eight aspects of early
numeracy (Supplementary Table 4.2; Appendix E). Correct item responses were scored as 1,
and incorrect responses were scored as 0. For domains measured via multiple items, individual
item scores were averaged so that children received a score for each domain, ranging from 0 to
1, with higher scores indicative of better literacy and numeracy. All literacy domain scores
were averaged to provide a total literacy score, and all numeracy domain scores were averaged

to provide a total numeracy score.
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Statistical analysis

Convergent and divergent validity were tested by examining patterns of correlation
(Spearman’s rho) amongst eHCI domains in each country. We predicted that the strongest
associations would be observed between eHCI domains measuring children’s literacy and
numeracy, with smaller correlations between remaining domains. The ability of eHCI domains
to discriminate amongst children’s development by a range of child and family characteristics
was tested in each country. Discriminant ability according to child age (2-6 years), child sex
(female, male), child stunting status (yes, no), child preschool attendance (yes, no), maternal
education (no school, started primary school, finished primary school, started secondary
school, finished secondary school, tertiary education), and home learning environment items
(yes, no) were examined using linear regressions. Children with missing data were excluded
from relevant analyses. Density plots for eHCI domains were generated to further explore the
distribution of domain scores by child and family characteristics in each country, and
unstandardised regression coefficients were graphed to examine associations amongst eHCI
domains and child and family characteristics in each country. We expected that higher domain
scores would be observed among females, older children, those not stunted, children who
attended preschool, children of more educated mothers, and children with learning
opportunities at home. Concurrent validity was tested by exploring correlations (Spearman’s
rho) among eHCI domains and literacy and numeracy direct assessment in Lao PDR. We
hypothesised that the strongest associations would be observed between direct assessment
scores and eHCI domains measuring literacy and numeracy, with smaller correlations between

direct assessment scores and remaining eHCI domains.

4.3.4 Results

Correlations amongst eHCI domains are shown in Table 4.2. The largest correlations were

observed amongst Numeracy, Reading, and Writing domains in all countries (ranging from rs
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= .54 in Lao PDR to rs = .85 in Tuvalu between Numeracy and Reading). Smaller correlations
were observed between Physical Health and other domains in Brazil and China (rs = .16 with
Writing in China), and between Perseverance and other domains in Kiribati, Lao PDR, Samoa,

and Tonga (rs = .08 with Approaches to Learning in Samoa).

Table 4.2. Convergent and divergent validity: correlations among scores on eHCI domains in

7 LMICs

Phys Comm  Cult Soc  Persev Appr Num Read

Brazil
Comm 13
Cult 10 37
Soc .08 .26 .19
Persev 14 38 32 43
Appr 12 43 .30 29 29
Num .16 47 .50 41 34 34
Read 15 37 .38 31 24 .67 .67
Writ 15 32 43 15 29 22 .63 .66
China
Comm .20
Cult 32 48
Soc 32 43 .70
Persev A2 28 34 45
Appr 23 .54 57 .54 34
Num 27 40 47 45 25 47
Read 42 .39 47 45 32 44 .67
Writ .16 .29 32 32 26 31 .62 .66
Kiribati
Comm 40
Cult 46 .61
Soc 42 .53 71
Persev 21 21 27 .30
Appr 31 .39 A48 A48 21
Num 43 53 .61 52 24 46
Read .39 47 .54 45 22 41 .76
Writ 37 43 Sl 42 20 .36 72 .70
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Lao PDR
Comm -
Cult - 31
Soc - 31 46
Persev - .09 .24 27
Appr - 43 .36 45 .14
Num - .30 42 .50 25 37
Read - .16 38 41 .20 27 52
Writ - 12 35 42 21 28 .50 .55
Samoa
Comm .56
Cult 57 .61
Soc .57 .64 .81
Persev 16 .10 25 22
Appr 45 .63 .53 .61 .08
Num 48 S .69 .70 26 47
Read 46 .54 .68 71 .20 S1 78
Writ 46 46 .63 .64 25 43 75 77
Tonga
Comm .34
Cult 48 Sl
Soc 46 38 48
Persev 22 21 21 24
Appr 34 38 46 36 .20
Num 46 37 49 40 25 43
Read .39 33 42 .36 25 38 .76
Writ 38 26 40 32 21 .34 .76 .73
Tuvalu
Comm 44
Cult .55 .67
Soc 48 Sl .67
Persev .36 .39 45 .56
Appr 29 .36 44 41 32
Num 52 .67 .69 .54 44 40
Read .56 .66 .69 55 42 43 .85
Writ A7 .54 .57 44 42 44 74 .76

Note. p <.001 for all correlations (Spearman’s rho). The Lao PDR version of the eHCI does not include a Physical
Health domain. Phys=Physical Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social
and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading, and

Writ=Writing

Mean eHCI domain scores according to child and family characteristics are presented in

Supplementary Tables 4.3-4.8 (Appendix E). Regression coefficients demonstrating

associations among eHCI domain scores and these characteristics are shown in Supplementary

Table 4.9 (Appendix E), with Figures 4.2 and 4.3 providing examples for Tonga and Lao PDR.
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Data for remaining countries are shown in Supplementary Figures 4.1-4.5 (Appendix E).
Results show a positive association between child age and eHCI domain scores in all countries.
Generally, the largest differences between older and younger children were found on
Numeracy, Reading, and Writing domains, with smaller differences on remaining domains
(e.g., a year increase in age was associated with a score 0.23 (95% CI 0.22, 0.24) points higher
on the Writing domain and 0.04 (95% CI 0.03, 0.04) points higher on Social and Emotional
Skills in Tonga). Figure 4.4 shows a visual representation of these age gradients for Numeracy
and Social and Emotional Skills domains in each country. On average, girls scored slightly
higher than boys across domains, except in Brazil. This association was strongest in Tuvalu
(e.g., female sex was associated with a score 0.10 (95% CI 0.06, 0.14) points higher on Social
and Emotional Skills and 0.11 (95% CI 0.05, 0.17) points higher on Reading). A negative
association between child stunting and eHCI domain scores was observed, with stunted
children scoring lower across domains in all countries, compared to children not stunted.
Differences in scores tended to be larger on Numeracy, Reading, and Writing domains, and
smaller on Social and Emotional Skills and Perseverance domains (e.g., being stunted was
associated with a score 0.14 (95% CI -0.22, -0.07) points lower on the Writing domain and
0.02 (95% CI1-0.07, 0.03) points lower on Social and Emotional Skills in Tuvalu), though this
association was less clear in Tonga whereby prevalence of stunting was low. Children who
attended preschool had better development than those who did not, with the largest differences
in scores on Numeracy, Reading, and Writing domains (e.g., preschool attendance was
associated with a score 0.44 (95% CI 0.43, 0.45) points higher on the Numeracy domain and
0.17 (95% CI 0.16, 0.19) points higher on Approaches to Learning in China). Figure 4.5
demonstrates these differences in eHCI scores for children who did and did not attend

preschool on the Numeracy and Social and Emotional Skills domains in each country.
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Figure 4.2. Discriminant validity: linear regression coefficients and 95% confidence intervals

of eHCI domain scores on demographic and contextual variables in Tonga (n=6,214,2013/14)
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Note. Female, stunted, attended preschool, home learning environment yes = 1; male, not stunted, did not attend preschool,
home learning environment items no = 0. Phys = Physical Health, Comm = Verbal Communication, Cult = Cultural
Knowledge, Soc = Social and Emotional, Persev = Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read
= Reading, and Writ = Writing.
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Figure 4.3. Discriminant validity: linear regression coefficients and 95% confidence intervals

of eHCI domain scores on demographic and contextual variables in Lao PDR (n = 7,493,

2015/16)
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Note: The Lao PDR version of the eHCI does not include a Physical Health domain. Information regarding books in the home
were not collected in Lao PDR. Female, stunted, attended preschool, home learning environment items yes = 1; male, not
stunted, did not attend preschool, home learning environment items no = 0. Comm = Verbal Communication, Cult = Cultural
Knowledge, Soc = Social and Emotional, Persev = Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read =

Reading, and Writ = Writing.
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Figure 4.4. Discriminant validity: distribution of eHCI Numeracy and Social and Emotional

Skills domains by age (years) in 7 LMICs

Note. X-axis = eHCI domain score, y-axis = proportion of children e.g., in Brazil the largest proportion of 3-year-olds scored
approximately 0.40 on the Numeracy domain.
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Figure 4.5. Discriminant validity: distribution of eHCI Numeracy and Social and Emotional

Skills domains by preschool attendance in 7 LMICs

Note. X-axis = eHCI domain score, y-axis = proportion of children e.g., in China the largest proportion of children who attended
preschool scored approximately 0.75 on the Numeracy domain. Results are not presented for Brazil as 100% of the sample
were attending preschool.
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Results also demonstrate a positive association between maternal education and eHCI domain
scores, with children of more educated mothers scoring slightly higher across eHCI domains
relative to children of less educated mothers in all countries but Tuvalu (e.g., a category
increase in maternal education was associated with a score 0.09 (95% CI 0.07, 0.10) points
higher on the Reading domain in Samoa). A positive association was also observed between
home learning activities and eHCI domain scores in each country. Of all home environment
items, the largest differences in scores were observed between children who did and did not
have access to books at home on Numeracy, Reading and Writing domains (e.g., having books
in the home was associated with a score 0.21 (95% CI 0.19, 0.22) points higher on the Writing
domain and 0.12 (95% C1 0.11, 0.13) points higher on Physical Health in Kiribati). Differences
in scores between children who were and were not read to, told stories, and named, counted
and drew with were also larger across domains, while differences in scores were smaller for
remaining activities (e.g. naming, counting, or drawing was associated with a score 0.18 (95%
CI 0.16, 0.19) points higher on the Numeracy domain, while taking the child outside was

associated with a score 0.16 (95% CI 0.05, 0.08) points higher on Numeracy in Lao PDR).

Table 4.3. Concurrent validity: correlations among eHCI domain scores and literacy and

numeracy direct assessment scores in Lao PDR (n = 7,493, 2015/16)

Total numeracy score Total literacy score
Verbal Communication 18 .06
Cultural Knowledge .29 24
Social and Emotional 33 .26
Perseverance 22 18
Approaches to Learning .24 .16
Numeracy .50 42
Reading 40 .39
Writing 37 .39

Notes: p < .05 for all correlations (Spearman’s rho).
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Correlations between eHCI domains and literacy and numeracy direct assessment in Lao PDR
are shown in Table 4.3. Both direct assessment scores had the largest positive correlations with
eHCI Numeracy, Reading, and Writing (rs = .50 between direct assessment and eHCI numeracy
domains), and smaller correlations with remaining domains (rs = .18 between literacy direct

assessment and eHCI Perseverance).

4.3.5 Discussion

We examined the convergent, divergent, and discriminant, validity of the eHCI in Brazil,
China, Kiribati, Lao PDR, Samoa, Tuvalu, and Tonga, and the concurrent validity of the tool
in Lao PDR. Despite different sampling methods and items used across countries, the overall

pattern of results suggests the eHCI provides valid measurement of ECD in these contexts.

Evidence for validity of the eHCI

The strongest associations were observed amongst eHCI Numeracy, Reading, and Writing
domains in all countries. Literacy and numeracy are often intertwined; indeed some ECD tools
combine items measuring these skills into one domain because of their strong relationship.'®’

Overall results provided evidence for the convergent and divergent validity of the eHCI.

eHCI domain scores discriminated between children’s development according to age and sex
in all countries. This is consistent with results of other measures of ECD in LMICs, including
the East Asia Pacific Early Child Development Scales (EAP-ECDS), a direct assessment of
development in children aged 3-5 years, across Cambodia, China, Mongolia, Timor-Leste,
Papua New Guinea, and Vanuatu.'®® Although the eHCI was designed to measure ECD in
children aged 3-5 years, results suggest it can be validly applied to children aged 2-6 years.
Stunting impairs children’s development with effects particularly detrimental to cognitive
abilities.!> In all countries eHCI scores were lower among stunted children, with the largest

differences in scores on cognitive domains capturing literacy and numeracy. This is also
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aligned with results of other tools, such as the Caregiver Reported Early Development
Instrument (CREDI) for children aged 0-2 years across 17 low, middle, and high middle
income countries.!® A positive association between early education and ECD was also
observed, with differences in scores between children who did and did not attend preschool
largest on Numeracy, Reading, and Writing. In contrast, results from a direct assessment,
Measure of Development and Early Learning (MODEL), of children aged 4-8 years in
Tanzania did not find a relationship between pre-primary education and children’s
development as was expected®’, whereas cognitive, language and socio-emotional
development as measured by the EAP-ECDS was higher amongst children aged 3-5 years who
had attended early education in Cambodia, China, Mongolia, and Vanuatu.'”® Higher eHCI
scores were generally observed among children born to better educated mothers, except in
Tuvalu. This sample represents poor families from a small island nation with a community-
based economy. It is likely that advantages of maternal education are transferred to the whole
community rather than biological children only and thus the association may not be seen.
Similar results were observed when using the International Development and Early Learning
Assessment (IDELA) in Ethiopia. A direct assessment of children aged 3-6 years, maternal
education did not predict IDELA scores in this context.!®! Stimulating home environments have
positive effects on ECD and this pattern was also evident among eHCI scores in all countries,
with the strongest associations observed for literacy and numeracy. This finding was aligned

with analysis of the CREDI in Brazil amongst children aged 0-2 years.®

The strongest associations with direct assessment of literacy and numeracy in Lao PDR were
observed for eHCI Numeracy, Reading, and Writing domains as expected. Few similar ECD
measures have published concurrent validity evidence with the IDELA an exception.
Specifically, the IDELA and the Ages and Stages Questionnaire (ASQ) were used to measure

development of children aged 4-5 years in Bangladesh, with results indicating medium
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correlations between respective IDELA and ASQ domains when examining children’s literacy
(r =.36) and larger correlations between domains measuring numeracy (r =.48).3 Concurrent
validity of eHCI scores were stronger than those reported for the IDELA. Together, results

provide evidence for the concurrent validity of the eHCI in this setting.

Implications of findings

Inclusion of ECD in the Sustainable Development Agenda raises issues regarding how this goal
should be monitored. Relative to other measures of ECD, the eHCI can be implemented
feasibly in low resource settings, captures development across domains and abilities, and
produces information relevant to local policy and practice. Results demonstrate that the eHCI
discriminated between the development of children and captured the intended aspects of ECD

h184

within a range of LMICs. Together with previous researc findings indicate the tool can

provide valid measurement of ECD in diverse contexts.

Although associations observed among eHCI domains and with child and family characteristics
were relatively consistent overall, some variation in results across countries highlights the
context-specific nature of ECD measurement. For instance, varied strength of the association
between caregiver-child interactions and eHCI scores could be a reflection of cultural and/or
contextual factors, including those related to caregiving practices and early years service
provision. This lends support to the need for ECD measures to produce information that reflects
local settings. Global comparability and cultural neutrality are the focus for tracking progress
toward SDG 4.2'%2, however this approach will not have the sensitivity to capture change in
ECD as a result of local interventions or policy shifts, and will not reflect aspects of ECD
important to the local context. Experts in ECD measurement continue to be challenged by
striking a balance between producing globally comparable data and producing information

relevant to local policy and practice.”?
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Conclusion

Results demonstrate the eHCI is psychometrically robust in diverse country contexts and could
enable the evaluation of early years policies and programs, as well as monitoring of children’s
development to track progress towards the Sustainable Development Agenda in LMICs.
Existing ECD measurement tools range from short adult-report tools designed for population
monitoring (e.g., MICS ECDI), to detailed, multi-domain direct assessment batteries designed
to aid program evaluation. Findings indicate the eHCI is suitable for both applications. Indeed,
the eHCl is a feasible and valid population monitoring measure when applied through either a
census or sample approach. The eHCI is free, requires minimal implementation resources,
captures development across domains and abilities, and allows local culture and context to be
reflected. Results presented in this paper together with previously published evidence
demonstrate that the tool is able to provide valid measurement of ECD. The next step in
assessing the validity of the eHCI is exploring how well it predicts later outcomes of interest

such as academic achievement and social and emotional skills.
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Chapter 5: Does the eHCI measured at 2 to 5 years have predictive validity for children’s

cognitive development (i.e., literacy, numeracy, and executive function) at 6 to 9 years?

5.1 Chapter outline

The first two studies used cross-sectional data from across several LMICs to demonstrate that
the eHCI was psychometrically robust. Next, longitudinal data previously collected as part of
the ECE Project in Lao PDR, enabled investigation of the predictive validity of the tool. This
chapter presents the third paper contributing to this thesis, which was submitted to PLOS

Global Public Health in April 2022 and is currently under review.

As described in Chapter 1, predictive validity (i.e., a form of criterion validity) refers to the
extent to which scores on a measure are related with other constructs measured at a later time,
as theoretically expected. Measures of children’s development need to be predictive of
meaningful outcomes throughout childhood and adolescence, considering results are intended
to be used to inform investment in supports to promote children’s outcomes. Despite this,
limited child development measures have established predictive validity. More broadly, there
exists little evidence regarding how early development influences later outcomes among
children in LMICs. This study focused on exploring the ability of the eHCI to predict children’s
cognitive outcomes (i.e., literacy, numeracy, and executive function) four years later.
Additionally, predictive ability of the eHCI was compared to that of measures of
socioeconomic position and direct assessment measures of children’s development. In doing
so, findings from this study are also able to contribute to the debate surrounding whether direct
assessment of early childhood development provides more accurate information on children’s

abilities, or if adult-reported measures can provide equally valid results.
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Using Receiver Operator Characteristic (ROC) curve analyses, results from this study provide
evidence that poor scores on the eHCI in early childhood predict poor cognitive outcomes once
children reach primary school age in Lao PDR, establishing predictive validity of the tool in
this setting. Specifically, eHCI overall development scores typically had the largest area under
the ROC curve for all outcomes, indicating that the summary measure signalled risk for poor
future cognitive development with similar ability to direct assessment of child development, as
well as measures of socioeconomic position. These results represent the first predictive validity
evidence for an adult report population-level measure of child development in LMICs. Indeed,
respondents to the eHCI in Lao PDR were children’s caregivers, many of which had low
literacy and education. Based on findings from the first two studies (e.g., better fit of data to
the theoretical structure of the eHCI amongst more educated caregivers, compared to those less
educated), we would expect to see stronger predictive ability of the eHCI in settings where the

tool is completed by children’s teachers or more educated caregivers.

Together with the first two studies, findings indicate that costly and time-intensive
measurement approaches (i.e., direct assessment) may not be necessary to inform investments
and supports to promote children’s outcomes. Rather, the eHCI appears to strike a balance
between pragmatism (i.e., feasible for use at scale in low resource settings) and rigour (i.e.,
comprehensively capturing aspects of development that are predictive of future capabilities),
while generating locally relevant information. Although it will be important for future research
to further explore predictive validity in additional settings and when predicting difference
outcomes (e.g., social and emotional skills, school completion), initial results suggest that data
collected using the eHCI could be used to appropriately inform the investments required to

promote children’s early development and improve later outcomes.
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5.3 Child development at ages 2-5 and cognitive outcomes at ages 6-9 in Lao PDR: Measuring

children’s development using the early Human Capability Index
5.3.1 Abstract

The Sustainable Development Agenda, together with burgeoning evidence for the need to
support early development, has spurred increased use of population measures of early child
development in low- and middle-income countries, despite lack of evidence on whether
measures predict later outcomes. This study explored the predictive validity of the early Human
Capability Index (eHCI), an adult-reported population measure of early child development. We
used longitudinal data (n = 5,222) collected as part of the Early Childhood Education Project
in Lao People’s Democratic Republic. Receiver Operator Characteristic (ROC) curve analysis
was used to estimate the ability of the eHCI and direct assessments of literacy, numeracy, and
executive function at ages 2-5 to predict poor development as measured by the same direct
assessments at ages 6-9, four years later. The eHCI overall development score typically had
the largest area under the ROC curve for all outcomes, ranging from 0.60 to 0.68, indicating
that the summary measure signalled risk for poor future cognitive development with similar
ability to measures of socioeconomic position. Results highlight that time and resource
intensive direct assessment of child development may not be necessary to identify where
supports are required to improve children’s outcomes. Rather, the eHCI, a pragmatic and freely
available tool that generates contextually relevant child development information, could be

used to guide early years interventions and policy, as well as evaluate their impacts.

5.3.2 Introduction

Pressing need for interventions to support early development has been propelled by recent
estimates that 250 million children under 5 years in low- and middle-income countries (LMICs)

are at risk of not achieving their developmental potential.® Child development assessment tools
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are used to monitor the impact of specific interventions, as well as health and education policy
more broadly. Child development assessments thus serve as both lead and lag indicators
between early years interventions and formation of capabilities later in life, but there is limited
evidence on how well scores on such measures predict later outcomes.? 13 Measures of child
development must have predictive validity for meaningful outcomes throughout school and
into adulthood, if the expectation is that investing early to enhance these capabilities will reap
longer-term benefits. It is critical that governments, researchers, and communities use
measurement tools that generate child development data in a way that is not only feasible and

locally relevant®® but also predictive of future cognitive and social-emotional capabilities.

Although there are various lines of evidence from high income countries that early
development sets trajectories throughout childhood and adolescence and across the life course®
157 there is much less evidence of these effects in LMICs. Studies in LMICs have typically
focused on specific pathology and developmental delay. For instance, considerable research
has demonstrated the association between low birth weight and later cognitive outcomes'**,

and stunted linear growth and both cognitive and non-cognitive outcomes. ' 196

The Sustainable Development Agenda has recently shone a spotlight on tracking children’s
holistic development. Indicator 4.2.1 requires global monitoring of the proportion of children
aged 24-59 months who are developmentally on track in health, learning and psychosocial
well-being. UNICEF, custodian agency for reporting progress toward indicator 4.2.1, has
promoted the Early Childhood Development Index (ECDI2030) as the global indicator for
early child development.®* However, there have also been other recent efforts to establish
multidimensional and psychometrically robust assessments to monitor children’s development
internationally. Examples include the Global Scale for Early Development (GSED) for use
among children aged 0-23 months, and a set of items that capture development of children aged

48-83 months identified through the Measuring Early Learning Quality and Outcomes
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(MELQO) initiative.®® These tools were selected based on their reliability and validity across
diverse contexts (e.g., scores on items/tools demonstrate associations with children’s
demographic and contextual characteristics as expected according to existing evidence).

However, the predictive validity of these instruments has yet to be explored.

Use of multidimensional assessments of children’s development is becoming more prevalent
in LMICs, despite lack of evidence on whether measures predict children’s later abilities or
academic outcomes. One exception is the International Development and Early Learning
Assessment (IDELA), a direct assessment of children’s literacy, numeracy, motor, and social-
emotional development, for which predictive validity has been recently established.!*® Scores
on the IDELA in pre-primary school predicted literacy and numeracy skills 2.5 years later
among 2,080 children in Ghana. These findings provide the first evidence of how directly
assessed early child development predicts later academic performance in a LMIC. Although
direct assessments (i.e., conducted one-on-one with a child) are often considered more
objective than adult reported assessments®, the implementation of population-wide direct

assessment of children’s development poses significant barriers in resource poor settings.

Building on global efforts advancing population monitoring of child development, this study
examines the predictive validity of the early Human Capability Index (eHCI). The eHCI is a
population measure of development across nine domains among children aged 2-6 years.
Collected via adult report, the eHCI was designed to be feasible for use in low resource settings,
be adapted to produce locally relevant results, and predict human capability relevant outcomes.
The eHCI is psychometrically robust in diverse contexts and has been adapted to support early
childhood education and development projects in several LMICs®® 102-104. 106, 183, 184 ‘The e HC]
has also contributed items to development of both the ECDI2030 and the GSED. Indeed, many
of the items within these instruments overlap, as through continuous improvement, the best

performing items from former instruments are selected for use in new measures.
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This paper explores the ability of the eHCI as well as direct assessments of literacy, numeracy,
and executive function at ages 2-5 to predict literacy, numeracy, and executive function
outcomes at ages 6-9 in Lao People’s Democratic Republic (PDR) among over 5,000 children.
Lao PDR has a population of approximately 7.3 million and is one of the poorest countries in

East Asia with a Gross Domestic Product (GDP) ranked 112 internationally.'?!

5.3.3 Method

Data sources

We used data collected as part of the World Bank Early Childhood Education Project (ECE
Project; P145544) impact evaluation in Lao PDR.'?” The project aimed to increase access to
quality early childhood education (ECE) in disadvantaged villages in Northern Lao PDR.
Baseline data were collected from November 2015 to March 2016 as part of three clustered
randomized control trials evaluating the impact of ECE on developmental outcomes. Five
northern provinces were selected by the Government of Lao PDR based on high levels of
poverty, and 14 districts within these provinces were selected based on presence of a district
level education office. Randomly selected villages within these districts in which a minimum
of 20 children aged 3-5 years resided were selected, and 20 households in each village were

randomly sampled.'? Follow-up data were collected from February to March 2020.

Participants

The current study population included children aged 2-5 years at baseline, for whom data were
collected at both time points (n = 5,275). A small number of children were excluded due to
missing data on child development measures (i.e., the caregiver and/or child did not take part

in assessments) (n = 53), resulting in an analysis sample of 5,222 children.

Measures

Demographic characteristics
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Children’s demographic characteristics were collected via primary caregiver report at baseline,
and included child age (calculated using child’s date of birth and date of data collection, or
caregiver reported age in years when date of birth was unknown), sex (male, female), highest
level of caregiver education (no school, primary school (incomplete), primary school
(completed), lower secondary school, upper secondary school, vocational training or tertiary
education), and caregiver level of literacy (cannot read at all, can read a little, can read well,

vision problem; measured through asking the caregiver to read a short sentence).

Early Human Capability Index (eHCI)

The eHCI was collected via primary caregiver report through a household survey administered
by trained enumerators at baseline. The Lao PDR adaptation of the eHCI includes 56 items
designed to measure development across 8 domains: Verbal Communication, Cultural
Knowledge, Social and Emotional Skills, Perseverance, Approaches to Learning, Numeracy,
Reading, and Writing (Supplementary Table 5.1; Appendix F).!%* Response options for each
item are binary (yes/no). Most items are positively worded so that “yes” responses were scored
as 1. Negatively worded items were reverse scored. Individual item scores were averaged so
that children received a score ranging from 0 to 1 for each domain, with higher scores indicative
of better development. An overall development score was derived by taking the average of 8
domain scores, also ranging from 0 to 1, with higher scores indicative of better development.
Overall development is the summary indicator most often used in the reporting of eHCI results.

The eHCI is psychometrically robust across diverse contexts, including Lao PDR .33 105 183, 184

Literacy, numeracy, and executive function direct assessment

Children’s literacy, numeracy, and executive function were measured via 92 direct assessment
items at baseline and follow up. Assessment was administered by a trained enumerator who
asked children to complete a series of activities/tasks in a one-on-one setting. Iltems formed an

early working version (2014/5) of the Measurement of Development Early Learning (MODEL;
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part of the MELQO initiative)®*, prior to validation studies.’* 87 The key differences between
earlier and later versions of the tool are that the version used in the current study did not include
some of the more advanced executive function (e.g., mental transformation) and some of the
social and emotional items (e.g., perspective taking) used in the later versions. Literacy and
numeracy assessments were based on items from the Early Grade Reading Assessment and the
Early Grade Maths Assessment and adapted to the context in Lao PDR.'* Both assessments
have been adapted for use in a number of countries, with well-established reliability and
validity.!3® Executive function assessments were based on items from two sub-tests from the
Wechsler Intelligence Scale for Children (WISC-1V; digit span forward and digit span
backward) and the Head-Toes-Knees-Shoulders task.!*”> 13¥ Taken together, children were
assessed on 6 sub-domains of literacy, 9 sub-domains of numeracy, and 3 sub-domains of
executive function (Supplementary Table 5.2; Appendix F). Correct item responses were
scored as 1, and sub-domain scores were averaged to provide a total domain score for literacy,

numeracy, and executive function, ranging from 0 to 1, with 1 indicating better development.

Statistical analysis

Analyses were stratified by age in years at baseline (2-5), as age has a strong positive
association with development. Descriptive statistics (mean, standard deviation, interquartile
range) for eHCI domain and overall development scores as well as direct assessment domain
scores were calculated to explore distribution of scales and the extent to which they captured a

range of children’s abilities.

Receiver Operator Characteristic (ROC) curves were used to explore the ability of eHCI overall
development and direct assessment literacy, numeracy, and executive function domain scores
at baseline (ages 2-5) to predict poor development on the same direct assessments at follow up
(ages 6-9). Poor development in outcome measures was defined as scores in the bottom 10

percentile (for each age in years stratum), with sensitivity analysis conducted by varying this
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definition to scores in the bottom 20™ percentile. Additional ROC curve analyses explored the
ability of 8 individual eHCI domains at baseline (ages 2-5) to predict direct assessment literacy,
numeracy, and executive function scores in the bottom 10" percentile at follow up (ages 6-9).
To help interpret the size of effects in all ROC curve analyses, we also explored the relationship
between two measures of socioeconomic position (caregiver education and literacy) at baseline
and poor development at follow up, as these factors would also be expected to predict

developmental outcomes. Analyses were conducted using IBM SPSS Statistics 27.'%

ROC curves have commonly been used to evaluate diagnostic accuracy of a clinical assessment
for a dichotomous outcome.!'>* !0 In this paper, ROC curves summarise the predictive validity
of the eHCI and are presented with the area under the ROC curve (AUC), or C-statistic, to
determine the ability of measures at ages 2-5 to predict (discriminate) outcomes at ages 6-9. A
series of univariate ROC analyses were conducted for each outcome, with results presented on
a single graph to aid the presentation of the predictive ability of each measure. An AUC of 0.5
indicates the development measure at ages 2-5 is no better than chance at discriminating
between outcomes at ages 6-9 (i.e., bottom 10% of the various developmental outcomes). The
ROC curve graphs sensitivity (% true positive outcomes) as a function of 1-specificity (% true
negative outcomes) with the diagonal reference line equal to chance. An AUC of 1.0 indicates
the predictor perfectly discriminates between outcomes. Typically, for clinical diagnostic
purposes an AUC between 0.5 to 0.7 is considered low, 0.7 to 0.9 moderate, and greater than
0.9 indicates high predictive ability for the measure to discriminate between two outcome

groups.'®! However, these should not be applied as strict "rules" and are context dependent.

5.3.4 Results

Table 5.1 shows that, at baseline (ages 2-5) the majority of children had caregivers who had

either not attended school (28.6%), started but not completed primary school (26.8%) or had
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completed primary school (31.0%). Almost half of all children had caregivers who could not

read (44.1%), 16.8% had caregivers who could read a little, and 39.0% had caregivers who

could read well. Descriptive statistics of child development measures (Supplementary Table

5.3; Appendix F) showed that, at baseline (ages 2-5), children scored lowest on measures of

literacy (both eHCI and direct assessment), and mean scores at follow up (ages 6-9) indicated

the expected increases in development with age. Generally, there was evidence of ceiling

effects (i.e., items too easy) on some eHCI domains among older children (e.g., verbal

communication), and floor effects (i.e., items too hard) on some direct assessment domains

among younger children (e.g., literacy).

Table 5.1. Sample characteristics at baseline (ages 2-5) (n = 5,222)

n (%)
Child age
2 years 1,325 (25.4)
3 years 1,685 (32.3)
4 years 1,739 (33.3)
5 years 473 (9.1)
Child sex
Male 2,686 (51.4)
Female 2,536 (48.6)
Caregiver education
No school 1,492 (28.6)
Primary school (incomplete) 1,402 (26.8)
Primary school (completed) 1,617 (31.0)
Lower secondary school (completed) 411 (7.9)
Upper secondary school (completed) 118 (2.3)
Vocational training or tertiary education 179 (3.4)
Don’t know 3(0.1)
Caregiver literacy
Cannot read at all 2,301 (44.1)
Can read a little 878 (16.8)
Can read well 2,036 (39.0)
Vision problem 7 (0.1)
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Figures 5.1 to 5.3 show ROC curves depicting the ability of eHCI overall development and
direct assessment literacy, numeracy, and executive function at baseline (ages 2-5) to predict
direct assessment scores in the bottom 10th percentile at follow up (ages 6-9). Table 5.2 shows
that, across ages, AUCs ranged from 0.52 to 0.68 when predicting literacy, 0.55 to 0.70 when

predicting numeracy, and 0.52 to 0.65 when predicting executive function.

When examining the predictive ability of eHCI overall development scores, there was some
variation in results dependent on children’s age as well as outcome measures. AUCs were
lowest among children aged 3 years (ranging from 0.60 (95% CI 0.55-0.64) when predicting
direct assessment numeracy to 0.64 (95% CI 0.57-0.71) when predicting direct assessment
literacy), while slightly higher among children aged 2, 4 and 5 years (ranging from 0.64 (95%
CI 0.55-0.73) when predicting direct assessment executive function at age 9 to 0.68 (95% CI
0.60-0.75) when predicting direct assessment literacy at age 9). AUCs tended to increase with
children’s age when predicting direct assessment literacy, though this pattern was not evident
on other outcome measures. Further, across ages, AUCs for eHCI overall development scores
were typically slightly higher when predicting children’s literacy and numeracy, relative to
executive function. While C-statistics for eHCI overall development scores ranged from 0.60
to 0.68 and therefore would be considered to have predictive ability in the “low” range
according to rules of thumb designated for diagnostic testing!®!, interpretation of these results
in conjunction with the predictive ability of socioeconomic measures helps to contextualise
findings. Indeed, caregiver education and literacy C-statistics had a similar range to that for
eHCI overall development, from 0.61 (95% CI 0.56-0.66) when predicting literacy at age 6, to
0.68 (95% CI1 0.64-0.71) when predicting numeracy at age 8, with little difference in predictive

ability between both measures of socioeconomic position.
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Figure 5.1. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting literacy scores in the bottom 10% at ages 6-9
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Figure 5.2. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting numeracy scores in the bottom 10% at ages 6-9
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Figure 5.3. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting executive function scores in the bottom 10% at ages

6-9
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Table 5.2. AUC (95% CI) for eHCI, DA, and socioeconomic measures at ages 2-5 predicting DA

scores in the bottom 10% at ages 6-9
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DA literacy

DA numeracy

DA executive
function

Age 2 (n=1,325)

Age 6

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.64 (0.60-0.67)
0.53 (0.48-0.59)
0.57 (0.52-0.62)
0.52 (0.47-0.58)
0.61 (0.56-0.66)
0.62 (0.57-0.67)

0.67 (0.62-0.71)
0.55 (0.50-0.60)
0.62 (0.57-0.67)
0.55 (0.51-0.60)
0.61 (0.58-0.68)
0.63 (0.62-0.71)

0.65 (0.60-0.70)
0.52 (0.47-0.57)
0.58 (0.53-0.62)
0.53 (0.48-0.57)
0.61 (0.57-0.64)
0.62 (0.57-0.67)

Age 3 (n=1,685)

Age 7

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.64 (0.57-0.71)
0.58 (0.51-0.65)
0.60 (0.53-0.67)
0.56 (0.50-0.63)
0.67 (0.60-0.73)
0.66 (0.60-0.72)

0.60 (0.55-0.64)
0.57 (0.52-0.61)
0.60 (0.56-0.65)
0.58 (0.53-0.62)
0.63 (0.59-0.68)
0.63 (0.59-0.67)

0.61 (0.57-0.66)
0.56 (0.52-0.60)
0.61 (0.56-0.65)
0.57 (0.53-0.61)
0.62 (0.58-0.66)
0.61 (0.57-0.66)

Age 4 (n=1,739)

Age 8

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.66 (0.62-0.70)
0.59 (0.55-0.63)
0.63 (0.59-0.67)
0.57 (0.53-0.62)
0.67 (0.63-0.71)
0.63 (0.59-0.67)

0.67 (0.63-0.71)
0.61 (0.57-0.65)
0.63 (0.58-0.67)
0.59 (0.55-0.63)
0.68 (0.64-0.71)
0.67 (0.63-0.71)

0.64 (0.61-0.68)
0.61 (0.57-0.64)
0.63 (0.59-0.66)
0.59 (0.55-0.63)
0.63 (0.59-0.66)
0.63 (0.59-0.67)

Age 5 (n=473)

Age9

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.68 (0.60-0.75)
0.68 (0.61-0.75)
0.66 (0.59-0.74)
0.60 (0.52-0.68)
0.63 (0.56-0.70)
0.63 (0.55-0.70)

0.65 (0.56-0.73)
0.68 (0.60-0.75)
0.70 (0.62-0.77)
0.62 (0.54-0.70)
0.62 (0.54-0.69)
0.60 (0.52-0.68)

0.64 (0.55-0.73)
0.62 (0.54-0.69)
0.64 (0.56-0.72)
0.58 (0.49-0.67)
0.61 (0.53-0.69)
0.61 (0.55-0.73)

Note. AUC = Area Under the Curve, CI = confidence interval, eHCI = early Human Capability index, DA = Direct

Assessment.
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Of all child development measures, eHCI overall development typically had the highest (or equal
highest) AUC when predicting all outcomes four years later. For example, eHCI overall
development at age 2 had the highest AUC when predicting direct assessment numeracy at age 6
(AUC 0.67, 95% C1 0.62-0.71), followed by direct assessment numeracy at age 2 (AUC 0.62, 95%
CI 0.57-0.67). One exception to this finding was among children aged 5 at baseline; direct
assessment literacy and numeracy yielded the highest AUCs when predicting numeracy scores
(direct assessment numeracy AUC 0.70 (95% CI 0.62-0.77), direct assessment literacy AUC 0.68

(95% CI 0.60-0.75), eHCI overall development AUC 0.65 (95% CI 0.56-0.73)).

Sensitivity analyses using direct assessment scores in the bottom 20" percentile (Supplementary
Table 5.4 and Supplementary Figures 5.1-5.3; Appendix F) produced results similar to the main
analysis, with slightly lower C-statistics observed across all measures. Results from additional
ROC curve analyses including individual eHCI domains are presented in Supplementary Table 5.5
and Supplementary Figures 5.4-5.6 (Appendix F). Developmental domains that yielded the highest
AUC:s varied across children’s age as well as outcome measures. For instance, at age 2, the eHCI
cultural knowledge domain had the largest AUCs across outcomes, while at age 4, eHCI reading,
writing, and numeracy domains had the highest AUCs. However, C-statistics of individual eHCI
domains did not exceed that of the eHCI overall development score when predicting direct

assessment outcomes.

5.3.5 Discussion

Scores on the eHCI at ages 2-5 demonstrated some ability to discriminate between children with
and without poor cognitive development at ages 6-9 in Lao PDR. Results represent the first

predictive validity evidence for a population-level measure of child development in LMICs.
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While we used techniques (ROC curves) that are typically applied to screening tools in healthcare,
the eHCI was not designed to provide an individual diagnostic test but rather an indication of where
a child sits on a developmental continuum. Information collected via the eHCI was intended to be
used for purposes including population monitoring, evaluation of early years policies and
programs, as well as longitudinal studies seeking to predict children’s future capabilities.!”! The
ROC curve analyses in this study were designed to show that the eHCI contained developmental
‘signal’ for later cognitive outcomes. Findings supported this aim, with results indicating the
ability of eHCI overall development scores at ages 2-5 to discriminate between children with and
without poor cognitive development, approximately four years later. Predictive ability was
considered low according to diagnostic accuracy rules of thumb.!¢! However, results indicated
eHCI overall development scores signalled risk for poor future cognitive development with similar
ability to that of caregiver literacy and education; both well-established predictors of children’s
developmental outcomes.'” Further, caregivers in this study had low literacy and education, with
the majority of respondents having not completed primary school. Based on existing evidence for
the tool (e.g., better fit of data to the theoretical structure of the eHCI amongst more educated
caregivers, compared to those less educated)'®> 134 we anticipate stronger predictive performance

of the eHCI when completed by children’s teachers or more educated caregivers.

There was some variation in findings dependent on children’s age as well as outcome measures.
Results indicated eHCI overall development scores had slightly lower predictive ability among 3-
year-olds relative to children of other ages, particularly when predicting poor scores on direct
assessment numeracy and executive function domains. It may be that growth in development (i.e.,
trajectories) between ages 3 (baseline) and 7 (follow up) was particularly varied among children

in the study sample, which could be unique to this age cohort because of the interventions
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implemented as part of the ECE Project (e.g., introduction of playgroups for children aged 3-4
years) that underlay the data used in this study.'”” Results also suggested eHCI overall
development scores were better able to predict direct assessment literacy and numeracy, relative
to executive function which may be due to differences in the range of skills captured by these
domains. Executive function included three sub-domains (two measuring working memory) and
16 items, while literacy and numeracy domains included 6 and 9 sub-domains and 37 and 39 items,
respectively. It is possible that with fewer items and sub-domains, the executive function domain
captured less developmental variation among children and therefore was more difficult for

measures to predict low scores.

These results highlight that findings from our study are limited by the measures used. That is, there
are no gold standard measures of child development and direct assessment measures included here
had not been validated for use in Lao PDR prior to this study. Future research could explore the
ability of the eHCI to predict children’s academic outcomes and school completion; both of which

are important indicators for future labour market participation.'*8

Of all child development measures included in this study, eHCI overall development scores
demonstrated the greatest ability to predict poor cognitive development at follow up. Direct
assessments of children’s development are time and resource intensive and usually require existing
qualifications and/or significant training of enumerators. The eHCI is an adult-report (e.g.,
caregiver, teacher) measure of child development that takes less than 10 minutes to complete and
requires minimal training of enumerators. Our findings suggest the eHCI is not inferior to direct
assessment of children’s capabilities and offers a valid and reliable measurement choice,
particularly in low resource settings. Further, the eHCI is a multidimensional measure capturing

children’s development across nine domains (or eight in the case of the Lao PDR adaptation).
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Many direct assessment measures are limited to literacy and numeracy as these are the skills that
can be most easily assessed objectively through activities/tasks with a child (versus measuring
children’s social and emotional skills, for instance). Aspects of development beyond literacy and
numeracy are important for children’s learning and development trajectories, and this is reflected

1n our results.

Implications

Little is known about how a child’s early development influences later outcomes in LMICs, in part
due to limitations in valid, feasible measurement tools and comprehensive monitoring systems.
Results provide evidence that poor scores on the eHCI in early childhood predict poor cognitive
outcomes once children reach primary school age in Lao PDR. Together with previous research!®>
183,183 our findings indicate that costly and time-intensive direct assessment of child development
may not be necessary to identify where (e.g., particular developmental domains or geographies)
and among whom (e.g., particular sub-populations or children with poor eHCI scores) investment
and support are required to promote children’s outcomes. Rather, the eHCI, a pragmatic tool that

is freely available for anyone to use, could be used to guide early years interventions and policy,

as well as evaluate their impacts.

An important strength of this study is that it sampled from a well-defined population enumeration
that contained children from households, rather than selected populations of children attending
early childhood education, as is common with many studies exploring early development in
LMIC:s. Further, we examined predictive ability of the eHCI after a follow up period of four years;
considerably longer than that of existing research exploring predictive validity of multidimensional
assessment of child development in LMICs.!*® While results build on existing psychometric

evidence for the eHCI, further investigation of the predictive ability of the tool across diverse
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settings, with varied respondents, among children of different ages, using different outcome
measures, and over varied periods of time is required for results to be generalised beyond the

setting and study sample included in the current study.

Conclusion

Current global efforts to monitor child development in LMIC are limited by a lack of evidence
demonstrating that scores on early development measures have predictive validity for meaningful
social and economic outcomes as children grow up. Governments, researchers, and communities
must have access to measurement tools that are not only feasible for use in low resource settings
and generate locally relevant information but are also predictive of future capabilities. Our results
support that the eHCI may be able to fulfil this need and is at least as predictive as direct
assessments. Data collected using the eHCI could be used to inform the investments required to
promote children’s early development to improve later cognitive outcomes, though further

research is required to generalise results beyond this study.
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Chapter 6: Are scores on the eHCI sensitive to and therefore different based on the quality of

the early childhood education children attend?

6.1 Chapter outline

The first three studies in this thesis established that the eHCI was psychometrically robust across
diverse contexts and predicted children’s later outcomes. As described in Chapter 1, a challenge
specific to population measures is having the sensitivity to adequately detect variation in children’s
development so that results can meaningfully inform supports to promote children’s outcomes.
Such measures should cover a range of domains that capture holistic development, as well as levels
of children’s ability, from low to high, as is appropriate to the target age range. This seeks to ensure
that scores have the sensitivity to detect both variation in development between children, as well
as shifts in patterns of capabilities among cohorts of children over time, which is an essential aspect
of population monitoring for informing policy and targeting supports. The eHCI was designed not
only to be feasible for use at scale, but to be sensitive to variation in children’s development with
the aim to facilitate evaluation of programs and interventions. This represents a key measurement

ideal, outlined in Chapter 1, and is the focus of the final study presented in this thesis.

This chapter includes the fourth paper contributing to this thesis. The manuscript was submitted to

Early Childhood Research Quarterly in May 2022 and is currently under review.

This study used cross-sectional data from the ECE Project in Lao PDR to investigate the sensitivity
of the eHCI to detect variation in children’s development, based on differences in the quality of
early childhood education (ECE) children attended. It was hypothesised that, on average, children
attending higher quality ECE would have better development, after adjusting for confounding

variables. The study also compared sensitivity to variation in development between the eHCI and
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the same direct assessment of children’s cognitive development used in Chapter 5. Existing
evidence demonstrates mixed findings regarding the relationship between ECE quality and
children’s development, particularly in LMICs, with the selection of child development measures
a potential factor contributing to differences in results. In this way, beyond strengthening evidence
for the utility of the eHCI, this study also contributes to advancing evidence around ECE quality

measurement approaches in LMICs.

Results from this study showed that ECE quality was more strongly related to children’s
development as measured by the eHCI, compared to direct assessments, after adjustment for a
range of child, household, and village level confounding variables. This may be partly attributable
to the fact that the eHCI captures holistic development, while the direct assessments captured
cognitive aspects of children’s development only. Dosage of ECE attendance (e.g., frequency,
intensity, duration) will have an important influence on the relationship between service quality
and children’s development. While incorporating this information was not possible in this study,

future research should seek to investigate how this might influence results observed.

Overall, this study suggests that the eHCI had adequate sensitivity to capture differences in
children’s development based on the quality of the ECE they attended in Lao PDR. Together with
results focused on the psychometric robustness of the tool presented in the first three studies of
this thesis, findings indicate that the eHCI may be an appropriate tool to measure impact of the
investment in supports in the early years, such as ECE. In this way, the eHCI appears appropriate
for both population monitoring and program evaluation purposes. This, together with the

implications of these finding, are discussed in Chapter 7.
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6.3 Early childhood education quality and child development in Lao PDR

6.3.1 Abstract

Globally, as scale up of early childhood education (ECE) continues, monitoring ECE quality is
imperative to identify and promote service aspects that drive positive outcomes for children.
Monitoring of ECE quality in low- and middle-income countries (LMICs) is scarce, limited by
challenges in conceptualisations of quality, lack of measurement tools that reflect local culture and
context, and implementation difficulties in low resource settings. This study used data from the
World Bank Early Childhood Education Project to conduct a secondary, cross-sectional
investigation focused on ECE quality and children’s development in Lao PDR. Participants were
children aged 2-6 years attending ECE in 172 classrooms across 131 villages (n = 1,168). Linear
regressions explored the association between ECE quality, captured using the Measure of Early
Learning Environments (MELE), and both adult reported and directly assessed child development.
Models were adjusted for confounding variables including child age, sex, ethnicity, stunting,
household socioeconomic status, and village remoteness. Although associations between ECE
quality and children’s development were small, consistent with existing research in LMICs,
findings reiterate the need for continued investment not only in expansion of access to ECE for all
children, but also for policy to ensure high quality service provision. Further, results highlight the
emphasis on quality needs to extend beyond facilities and materials, to adequately equipping
schools and teachers with the training and resources required to facilitate learning through what

are deemed high quality interactions and responses to children’s needs within any given context.
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6.3.2 Introduction

The benefits of early childhood education (ECE) for children’s development have been well
established.!”” Early learning environments that provide children with stimulating, responsive, and
developmentally appropriate interactions and activities can help to mitigate adverse developmental
consequences of growing up in disadvantage.” More recently, positive impacts of sustained, high
quality ECE have been extended to long-term education achievement, labour market outcomes,
and poverty reduction.?’®23 Together with this body of research, decades of advocacy and
government investment have spurred significant increases in ECE attendance, particularly in low-
and middle-income countries (LMICs) where access to early education has historically been
scarce. Indeed, rates of ECE enrolment in LMICs almost doubled throughout 2000 to 2019, from
33% to 62%.2°* Despite this, increased attendance has not brought about the same growth in
children’s learning and development than that observed in high-income countries. Poor quality
ECE has been argued to be one of the causes of smaller positive effects, or indeed no impact or
even adverse effects, for children’s learning and development often observed in LMICs.'®% 203
Emphasis on monitoring ECE quality is imperative to identify and promote service aspects that

drive positive outcomes for children. As the scaling up of ECE services continues, this study seeks

to build on current efforts regarding measurement and monitoring of ECE quality in LMICs.

ECE Quality in the Spotlight

Globally, with rapid increases in children’s access to ECE has come a shift in focus beyond
provision and attendance to the quality of services and the learning that occurs through
participation. Indeed, this emphasis on quality and outcomes is reflected in the United Nations
Sustainable Development Agenda, among other global frameworks and indicators. Sustainable

Development Goal (SDG) 4 prioritises inclusive and equitable quality education to promote life-
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long learning opportunities for all, with target 4.2 stating that by 2030, countries must ensure all
girls and boys have access to quality early childhood development, care, and pre-primary education
so that they are ready for primary education.®' Through access to quality ECE, target 4.2 seeks to
maximise the proportion of children who are developmentally on track which will not only have a
positive effect on individual outcomes throughout the life course, but also promote future human
capability within nations. Increasingly, research has explored the quality of ECE relative to
children’s development®°, which requires a detailed understanding of the characteristics of ECE
quality and how they can be measured. While the global goals have set out indicators to measure
progress towards education for all, what constitutes quality ECE is not defined, and this highlights

a key challenge when looking to measure and promote quality of children’s early learning.

Aspects of ECE Quality

The quality of ECE environments is typically conceptualised in terms of structural and process
characteristics.?’’ Structural quality indicators include operational factors such as teacher-child
ratios and length of the program day, as well as resources and facilities such as learning materials
and drinking water. Structural factors are often readily defined, require no interpretation or
inference, and thus are easily observable and recordable. As a result, indicators of structural quality
have been widely used by governments to monitor classroom quality.??® Process factors encompass
interactions between participants and materials in the classroom environment, and include teacher-
child interactions, the schedule and organisation of class time, and teacher responses to the
learning, physical, and psychosocial needs of children. Aspects of process quality are more
difficult to define and observe, requiring collection of high-inference data by thoroughly trained

enumerators. Thus, implementation is complex, often resulting in heterogeneity of application and
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inconsistent results regarding quality outcomes.?’” both of which limit monitoring of process

quality in low resource settings.

While it is thought that aspects of process quality tend to be the primary driver of the positive

influence of ECE on children’s development?!*-2!!

, structural and process quality are intertwined
in that high quality structural aspects of the ECE environment enable high quality processes to
occur.?'? For instance, research in Ghana demonstrated that structural quality was predictive of
process quality, which in turn predicted children’s academic outcomes and social and emotional
development.?!3 This is particularly relevant in LMICs as access to materials and facilities is
limited, coupled with large class sizes.?'* For the purposes of monitoring ECE quality, measuring

structural or process aspects alone is insufficient. Rather, measures that incorporate both structural

and process aspects of early learning environments are needed to adequately capture ECE quality.

Understanding ECE Quality in LMICs

The majority of research, including conceptualisation and description of ECE quality as well as
investigation of associations between ECE quality and children’s development, has been
conducted in high-income countries. Globally, the tool most commonly used to capture both
structural and process quality is the Early Childhood Environment Rating Scales (ECERS)?!>. The
latest revision, ECERS-R, includes seven sub-scales: space and furnishings, personal care routines,
language-reasoning, activities, interaction, program structure, and parents and staff.?!® Although
the ECERS has been adapted for use in some LMICs?'7-2!, the tool was developed based on ECE
quality as it is conceptualised in high-income countries. As a result, findings, though limited,

suggest the tool does not operate in the same way in LMICs (e.g., differing factor structures).??°
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Indeed, whether Western conceptualisations of ECE quality are applicable to children and
classrooms in LMICs is not well known.??! Cultures and societies shape children’s development
and the environments in which learning occurs.”® Thus, definitions of high quality, best practice
ECE will vary across contexts. Further, how different aspects of classroom quality influence
children’s outcomes may also vary. For instance, in China, teachers reported valuing strict
classroom management strategies to ensure order and quiet to facilitate children’s learning.?*? This
is not, however, a feature of high quality ECE according to tools developed in Western settings
(e.g., ECERS). Thus, in LMICs, poor scores on measures of ECE quality developed for high-

income countries may reflect lack of relevance to local context, rather than lack of quality.

The Measure of Early Learning Environments

Monitoring of ECE quality in LMICs is scarce, limited by challenges in conceptualisations of
quality, lack of measurement tools that reflect ECE quality according to local culture and context,
and difficulties implementing measurement in low resource settings. Recent measurement efforts
have worked to overcome these limitations. One such example is the Measure of Early Learning
Environments (MELE), developed as part of the Measuring Early Learning Quality and Outcomes
(MELQO) initiative.®® The MELE was designed for use in LMICs, to support feasible and
actionable measurement of early education settings to provide locally relevant data, and inform
global monitoring.?*® Through classroom observation, the tool intends to measure quality
constructs that predict children’s development. The MELE exists in several iterations and
adaptations that have been implemented across several LMICs including Brazil, China, Colombia,

Ethiopia, Indonesia, Peru, South Africa, and Tanzania (see ecdmeasure.org).

Emerging evidence has shown applicability of the MELE across diverse settings as well as

acceptable psychometric properties.®* However, associations between ECE quality as measured by
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the MELE and children’s development, are limited and inconsistent. For example, research using
the MELE in Tanzania demonstrated a small association between only one of three aspects of ECE
quality (materials/activities; representing structural quality) and children’s development measured
via direct assessment, after controlling for a series of child, family, teacher, and classroom
characteristics.®® The same study showed no association between scores on the MELE and
caregiver or teacher reported measures of children’s development. In China, ECE quality on three
of four MELE domains (learning activities; classroom arrangement, space and materials; facilities
and safety; representing structural quality) had small associations with children’s development
measured by direct assessment, after adjustment for child, family, and program characteristics.'*’
Additionally, this research showed a stronger association between ECE quality and child

development in rural versus urban settings.

Provision of high quality ECE through supports targeting structural and process aspects of the
classroom environment offers an important mechanism for intervention. It is intended that with
improved ECE quality will come improved child learning and development outcomes. However,
inconsistent results regarding this relationship in LMICs raise important questions around whether
this is the case.?’” Without monitoring of ECE using measures of quality that are associated with
children’s learning and development, investments in such interventions to boost service quality
may fail to deliver expected results. This study explores application of the MELE in Lao People’s
Democratic Republic (PDR), advancing current understanding of the relationship between ECE

quality as measured by the MELE, and children’s development.

Early Childhood Education in Lao PDR
As one of the fastest growing economies in East Asia and the Pacific, Lao PDR recently moved to

lower middle-income classification and has halved rates of poverty, reduced malnutrition, and
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improved health and education outcomes over the past two decades.?* Significant health,
education, and economic disparities remain, however, particularly across ethnicities and
geographies.!?® Globally, ECE is one of the most cost-effective and equitable interventions.!”
Despite the government’s commitment to education through adoption of the Education for All
National Plan of Action 2003-2015%%, upon ratification of the United Nations 2030 Sustainable
Development Agenda in 2015°%, investment in ECE remained insufficient. Existing programs
officially recognised by the Lao PDR Ministry of Education and Sports, primarily kindergarten
and pre-primary school, largely catered for 5-year-olds and this was reflected in enrolment rates.
In 2013, enrolment in ECE among 3-5-year-olds was 33%, while enrolment among 5-year-olds
only was 52%.72% As a result, children aged 3 and 4 years had particularly limited access to ECE.
Further, there existed large disparities in ECE attendance based on a child’s ethnicity, household
socioeconomic position and geography. For instance, less than 8% of children from the poorest
households, from rural areas, or from non-Lao Tai communities (i.e., ethnic minorities), had access

to ECE services.?*® Together with additional threats to children’s development including poverty

and poor nutrition, lack of access to early learning has hindered human development.

Against this background, the World Bank Early Childhood Education Project was launched by the
Government of Lao PDR. The project supported expansion of quality ECE with the aim of
improving development among children aged 3 to 5 years.??® Project interventions consisted of
three key components designed to increase demand for, coverage/access, and quality of ECE, as
well as strengthening monitoring and evaluation in the early childhood sector. Overall, the project
sought to contribute to reduction in poverty and inequalities through improving educational
outcomes among the most disadvantaged. Project intervention included the introduction of two

new forms of ECE, with research design enabling analysis to determine which type was most
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effective in promoting children’s development.'? Briefly, Community Child development Groups
(CCDGs) involved training local caregivers in the provision of community-based playgroups.
CCDGs, delivered in purpose-built huts, were intended to provide an informal learning
environment for children aged 3 to 4 prior to entering kindergarten or a pre-primary classroom at
age 5. Multi-Age Teaching (MAT) provided training and resources to existing, qualified pre-
primary teachers in an ECE curriculum. MAT, therefore, provided a learning environment for

children aged 3 to 5 years, before entering primary school.

Spanning 2015 to 2020, results from the project’s impact evaluation included greatly increased
ECE attendance and modest associated gains in child development, with differential impacts based
on child age, ethnicity, and ECE type.!?® Further, the original study compared the quality of
different types of ECE services implemented as part of the project interventions, with findings
indicating little difference in the quality of services despite differences in teacher training and

qualifications, as well as physical classroom characteristics.

Current Study

This study used data from the ECE Project to conduct a secondary, cross-sectional investigation
focused on ECE quality and children’s development in Lao PDR. With rapid increase in ECE
attendance as a result of the ECE Project, the need to investigate quality of ECE services through
this scale up is paramount. To do so, we used the MELE classroom quality observation tool,
together with outcome measures that provided data from multiple informants on children’s
development. This research sought to describe quality of ECE across Northern Lao PDR and
explore the association between ECE quality with caregiver reported and directly assessed child
development. Advancing our understanding of the quality of ECE provision in Lao PDR, how

quality may be captured in this LMIC setting using a built-for-purpose tool, and how ECE quality
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relates to children’s development, are all necessary steps toward informing interventions and

policy aimed at improving ECE quality.

6.3.3 Method

Data Source

This study used data collected for the World Bank Early Childhood Education Project (P145544)
(herein referred to as the ECE Project) in Lao PDR.??® An impact evaluation of the ECE Project
was conducted through three clustered randomized control trials across 376 villages in Northern
Lao PDR, with three waves of data collection spanning five years from 2015 to 2020."?® Five
northern provinces with high levels of poverty were selected and 14 districts within provinces with
a district level education office were selected to take part. All villages within these districts in
which a minimum of 20 children aged 3 to 5 years resided were selected, with 20 households in
each village randomly sampled and children within households randomly selected. In villages with
fewer than 20 households with children in the eligible age range, multiple children from the same
household were included in data collection. Villages, households, and children were followed over
the course of the project, with an additional cohort of children aged 3 to 5 years (sampled using
the same methodology) included in the third wave of data collection to enable cross-sectional as
well as longitudinal analyses. While focus was on children aged 3 to 5 years, some children outside

of this age range (i.e., 2- and 6-year-olds) were captured in data collection.

Relevant to the current study, measurement of ECE quality was employed in the third wave of data
collection in selected villages. Specifically, the 135 villages that participated in the arm of the
impact evaluation which compared effectiveness of different ECE programs (study one, see
Supplementary Figure 6.1; Appendix G). Investigation of ECE quality was employed in response

to large increases in ECE attendance observed at the project’s second wave of data collection in
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2017, yet little improvement in children’s development outcomes.??” Thus, while the ECE Project

had a longitudinal design, the current study used the third data wave as a cross-sectional analysis.

Participants

The study population included children aged 2-6 years for whom data were collected in the third
wave (February to March 2020) of the ECE Project (full sample; N = 3,322). The sample was
restricted to children currently attending ECE (eligible sample; n = 1,309), enabling investigation
of the association between the exposure (ECE quality) and outcome (child development) among
the targeted age range of ECE services in Lao PDR. Missing data on the exposure (n = 96) and
covariates (n = 45) resulted in a final analysis sample of n = 1,168. Supplementary Table 6.1

presents the characteristics of full, eligible, and analysis samples.

Measures

Early Childhood Education Quality

The Measure of Early Learning Environments (MELE) captures constructs related to the quality
of early learning environments.®> The MELE constitutes a suite of tools including a classroom
observation, teacher interview, caregiver interview, and school director interview. The MELE does
not intend to serve as an evaluation of teachers or schools. Rather, it was designed to enable
tracking of the quality of children’s learning environments at a population level and identify areas
in which training and supports might be needed to promote early learning outcomes. To date,
several adaptations of the MELE have been developed and field-tested, with validation conducted

in selected LMICs % 86 139

The MELE classroom observation (version 04.01.2018) was adapted for use in Lao PDR for the

ECE Project.!* Adaptation was led by stakeholder consultation as well as field testing of the tool,
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and revisions ensured the measure was aligned with the culture and context in Lao PDR. A
summary of adaptations is provided in Supplementary Table 6.2 (Appendix I). The Lao PDR
version of the MELE measures four key aspects (domains) of quality: Learning Activities (8 items;
a = 0.63); Classroom Interactions and Approaches to Learning (10 items; o = 0.51); Classroom
Arrangement, Space, and Materials (14 items; a = 0.56); and Facilities and Safety (6 items; o =
0.53). Table 6.1 describes the characteristics each domain captures, including example items. With
the exception of Classroom Arrangement, items in all domains were scored from 1 to 4, with 4
representing high quality. Items in the Classroom Arrangement domain were either binary (yes/no)
or multiple choice to indicate presence of materials (no materials present/materials present but
children do not use/materials present and children use). Domain scores were calculated by
summing scores on all items. Domain scores were transformed to range from 0 to 10 (with 10
indicating high quality) to aid interpretability, and an overall quality score (o = 0.63) was derived
by taking the average of three domains (Interactions and Approaches, Classroom Arrangement,

Facilities and Safety), also ranging from 0 to 10, with higher scores indicating better quality.

The Learning Activities domain was not included in the overall quality score. Weak (and
sometimes negative) correlations between the Learning Activities domain and remaining domains
as well as overall quality were observed, in contrast to that among other quality domains
(Supplementary Table 6.3; Appendix G). Unlike remaining domains, scores on the Learning
Activities domain (e.g., whether learning opportunities to support development of maths, literacy,
language, or fine motor skills occurred) in the context of Lao PDR were highly dependent on the
day and time at which the classroom observation occurred and thus which lesson was being

conducted, and therefore quality scores. We provide further commentary on this in the discussion.
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Table 6.1. MELE domain descriptions and example items

Domain Domain description Example item
Learning Learning opportunities to Book reading to support children’s listening and speaking skills:
Activities develop math, literacy, 1= Instructor does not read book to children OR reads a book that is not age-

expressive language, fine
and gross motor skills, as
well as book reading,
music/ movement, and free

play

appropriate (i.e., text or schoolbooks for older children or adults; religious text
for adults; books with no pictures, or books for younger children).

2= Instructor reads to the class without discussion OR without questions about
the story.

3= Instructor reads to the class using one of the following strategies: asks
children basic or close-ended questions about what happened in the story;
encourages children to discuss the story through open-ended questions; talks
about vocabulary learned in the book; connects the story to the children’s own
experiences or context.

4= Instructor reads to the class using two or more of the following strategies: asks
children basic or close-ended questions about what happened in the story;
encourages children to discuss the story through open-ended questions; talks
about vocabulary learned in the book; connects the story to the children’s own
experiences or context.

Interactions and
Approaches

Classroom management,
learning environment,
instruction methods,
supervision, and child
engagement

Verbal disciplinary strategies:

1= Instructor does not discipline when there is disruptive or bad behavior

2= Instructor uses negative verbal interactions (yelling, harsh tone, threats,
humiliation) with children to control child behavior

3= Instructor redirects children to using more appropriate behavior (for example,
“sit down” or “use a quiet voice”) BUT is inconsistent with redirection (e.g., only
uses with some situations or some children) OR is ineffective with redirection
(e.g., does not provide appropriate redirection or does not follow-through).

4= Instructor uses positive techniques for guiding children’s behavior
consistently (explains reasons for rules, consistently applies rules) AND teacher
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consistently addresses behavior problems OR no behavior problems were

observed.
Classroom Equipment, furniture, All children have a seat and access to a writing surface that are appropriately
Arrangement space, and learning sized (yes/no)
materials present, such as
books and writing utensils
Facilities and Facilities available for Handwashing practices:
Safety water and sanitation, as 1= Children do not wash hands or only a few children wash hands (but only use
well as presence of any water).
safety issues or hazards 2= Handwashing is sporadic (some do and some do not) and procedures are
inconsistent.

3= More than half of children wash hands after toileting and most of those
children wash with soap. The teacher supports handwashing.

4= All children wash hands with soap after toileting with a few (less than 5)
lapses and there is a system or process in place for supporting hand washing
(teacher supervises, encourages, it is part of routine, etc.).

Note. MELE = Measure of Early Learning Environment.
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Child Development

This study utilised two measures of child development that served as outcomes: a caregiver
report and a direct assessment. Prior to the ECE Project, measures of child development had
not been adapted and/or validated for use in Lao PDR. Implementation of both tools enabled
exploration of the applicability, feasibility, and validity and reliability of adult report and direct

assessment measures in this context. Both tools are described below.

Caregiver Report: The early Human Capability Index (eHCI) is a population measure designed

to capture holistic development among children aged 2 to 6 years. The eHCI is an adult-
reported tool completed in less than 10 minutes by an adult who is familiar with the child (e.g.,
caregiver, preschool teacher). The tool was designed to be feasible for use in low resource
settings and adapted to each context to produce locally relevant results. The eHCI has been
demonstrated to be psychometrically robust in diverse contexts and has been adapted to support

early education and development projects in several LMICs, including Lao PDR. 05 183, 184

The Lao PDR version of the eHCI includes 56 items measuring development across 8§ domains:
Verbal Communication (4 items; o = 0.82), Cultural Knowledge (5 items; a = 0.79), Social and
Emotional Skills (14 items; a. = 0.78), Perseverance (4 items; o = 0.83), Approaches to Learning
(7 items; o = 0.80), Numeracy (10 items; o = 0.77), Reading (6 items; a = 0.79), and Writing
(6 items; 0.= 0.79).'8% The eHCI was collected via primary caregiver report through a household
survey administered by trained enumerators. Item response options were binary (yes/no), with
“yes” responses to positively worded items scored as 1, and negatively worded items reverse
scored. Item scores were averaged so that children received a score ranging from 0 to 1 for
each domain, with higher scores indicating better development. An overall development score

(o= 0.82) was calculated by taking the average of 8 domain scores, also ranging from 0 to 1.
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Direct Assessment: The Measurement of Development Early Learning (MODEL) was created

drawing upon existing measures used in LMICs capturing aspects of child development
considered globally relevant.** The MODEL, forming the MELQO initiative together with the
MELE, consists of a child direct assessment, as well as teacher and caregiver reports of
children’s development. The ECE Project utilised an early working version of the direct
assessment (circa 2014/5), adapted to the local context, prior to validation studies conducted in
various LMICs.3* 87 The key differences between this earlier version and later validated
versions are that this version did not include some of the more advanced numeracy and
executive function items (e.g., mental transformation), as well as items focused on social and

emotional concepts (e.g., perspective taking, empathy, understanding feelings).

Literacy, Numeracy, and Executive Function were measured via 92 items. Literacy and
numeracy items were based largely on the Early Grade Reading Assessment (EGRA) and the
Early Grade Maths Assessment (EGMA) and adapted to the context in Lao PDR!%2, both of
which have been adapted for use in a number of countries with well-established reliability and
validity.!*® Executive function assessments were based on items from the Wechsler Intelligence
Scale for Children (WISC-IV) (e.g., Digit Span sub-test) and the Head-Toes-Knees-Shoulders
task.'?”- 138 Overall, children were assessed on 6 aspects of Literacy (37 items; a = 0.74) (e.g.,
print familiarity, letter knowledge), 9 aspects of Numeracy (39 items; o = 0.69) (e.g., number
identification, spatial vocabulary), and 3 aspects of Executive Function (16 items; o = 0.78)
(e.g., forward and backward digit span). Correct item responses were scored as 1, and scores
were averaged to provide a total score for literacy, numeracy, and executive function ranging
from 0 to 1, with higher scores indicating better development. The average of these scores

constitutes an overall development score (o = .81), also ranging from 0 to 1.
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Sociodemographic Characteristics

Various village, household and child level characteristics were included in analysis as potential
confounders of the association between ECE quality and child development (Supplementary
Figure 6.2; Appendix G). Village level information included an indicator of remoteness based
on the item “Can cars access the village during rainy seasons?” (yes, no). Household
socioeconomic status (SES) was derived using Principal Components Analysis and included
the following items: number of household members, assets (e.g., television, motorcycle,
chicken, cow), house construction materials, caregiver literacy, access to electricity, receipt of
financial aid, and purchasing ability (e.g., school supplies, food.). A factor score was created
using the first component for each household which was then divided into quintiles to create
five levels of SES.!®> Caregiver-reported child level information included age (months), sex
(male, female), ethnicity (Lao Tai, Khmu, Hmong, Other), and health status (very healthy,
normal, unhealthy/often sick, or don’t know based on the item “What do you think is the current
health status of the child?”). Further, children’s height and weight (measured by trained
enumerators) were converted into World Health Organization Child Growth Standards height-

for-age z-scores, and stunting was defined as a height-for-age z-score < -2.!3

ECE type (CCDG versus MAT) did not meet assumptions of a confounding variable and
therefore was not included as such in analyses. That is, ECE type was not believed to influence
both ECE quality and children’s development, as depicted in the Directed Acyclic Graph in

Supplementary Figure 6.2, based on findings from the original impact evaluation study.!'?®

Procedure

Data collection was conducted by Indochina Research Limited. Fieldwork staff undertook
training focused on data collection objectives and logistics, as well as implementation of
measurement tools. Training, developed and supervised by authors (blinded for review), was

conducted over a 10-day period, after which enumerators were assessed and those most
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competent were selected to conduct data collection. Together with the Ministry of Education
and Sports, Indochina Research Limited coordinated a logistical plan for data collection in each
village. Field work teams (consisting of a team leader, assistant, and four enumerators) visited
villages to conduct data collection throughout February and March 2020. The MELE classroom
observation was completed by a pair of enumerators over a two-hour period, typically
beginning when class commenced for the day. Teachers were made aware of the observation
and were requested to conduct teaching as they would typically do so. The eHCI was conducted
with children’s caregivers as part of a broader household survey led by an enumerator. The
MODEL was conducted with children in a one-on-one format, framed as a series of activities,
either while the child was at home or at ECE. All data were collected using electronic tablets,
with various quality control measures employed throughout including random observation of
assessments by team leaders and random checking of completed instruments. In March 2020,
toward the end of the data collection period, school closures were announced in Lao PDR as a
result of the COVID-19 pandemic. As a result, MELE observations were made in 131 of the

targeted 135 villages.

As ECE quality was collected at the village level, MELE scores were allocated to each child
based on their village of residence. Among children living in villages in which more than one
ECE service was available (i.e., CCDG intended for children aged 3-4 years, and pre-primary
for children aged 5 years and above), MELE scores were allocated to individual children based

on the ECE service relevant to their age.

Statistical Analysis

Descriptive statistics for exposure (MELE) and outcome (eHCI, MODEL) variables were
assessed to investigate distribution of scales. Visual inspection to assess model fit was
conducted via kernel density curves and transformations were conducted for non-linearity

where required. Correlations (Spearman’s rho) first explored associations among study

187



Chapter 6: Research question 4

variables. A series of linear regressions were then conducted to explore the association between
ECE quality (MELE overall quality and individual domain scores, excluding the learning
activities domain) and both adult reported and directly assessed child development (eHCI and
MODEL overall development and individual domain scores). Linear models were adjusted for
confounding variables including child age, sex, ethnicity, stunting, household SES, and village
remoteness. Standard errors were clustered on village as children living in the same village
were likely to share similarities. Post-model checks for homoscedasticity, non-linearity, and
influential observations were conducted via post estimation residual-versus-fitted plots,
augmented partial residual plots, and added-variable plots. Model coefficients (unstandardised
beta coefficients) were reported with 95% confidence intervals. Effect estimates with
confidence intervals that did not overlap zero were interpreted as meaningful associations.

Analyses were conducted using Stata/SE 17.16

6.3.4 Results

Children in the analysis sample were from 172 classrooms in 131 villages in Northern Lao
PDR. The mean number of children per class was 12.26 (SD = 5.54). Table 6.2 shows that the
majority of children were in the 3-to-5-year age range, with 39.0% of children aged 4 years.
The study sample included slightly more females than males (50.8% and 49.2%, respectively).
The largest ethnic group in Northern Lao PDR, Khmu, was the most common ethnicity (40.7%)
among the study sample, followed by Lao Tai (22.2%) and Hmong (18.2%). In terms of
children’s health, 42.1% of children were stunted, though the majority of caregivers reported
their children’s overall health was either very healthy (57.1%) or normal (36.4%). The study
sample was socioeconomically skewed, relative to the full and eligible samples, including
fewer children from the most socioeconomically disadvantaged households as a result of
restricting the sample to children attending ECE (Supplementary Table 6.1; Appendix G). For

instance, 21.0% of children in the analysis sample were living in the least disadvantaged
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households compared with 16.0% of children in the full sample. Almost half (44.2%) of

children lived in remote villages (i.e., not accessible by car in the wet season).

Table 6.2. Participant characteristics (n = 1,168)

Characteristic n %
Age 2 years 60 5.1
3 years 285 244
4 years 455  39.0
5 years 319 273
6 years 49 4.2
Sex Female 595 509
Male 573  49.1
Ethnicity Lao Tai 259 222
Khmu 475  40.7
Hmong 212 182
Other 222 19.0
Socioeconomic status (Most disadvantaged) 1 172 147
2 212 182
3 260 223
4 279 239
(Least disadvantaged) 5 245 21.0
Stunted Yes 500 428
No 668  57.2
Village accessibility Yes 652 558
No 516 442
Child health status Very Healthy 667  57.1
Normal 425 364
Unhealthy/Often Sick 73 6.3
Don't know 3 0.3

Note. Village accessibility based on item "Can cars access the village during rainy seasons?”. Child health status
based on item “What do you think is the current health status of the child?”

Mean scores on MELE quality domains indicate classrooms scored highest on Interactions and
Approaches (M = 7.11, SD = 0.96) and lowest on Learning Activities (M = 4.47, SD = 0.96)
(Table 6.3). Standard deviations indicate that the Classroom Arrangement and Facilities and
Safety domains had the greatest variability. The mean Overall Quality score was 5.92 (SD =

0.78), with scores ranging from 3.48 to 7.31 across ECE classrooms (Figure 6.1). Table 6.3
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also presents descriptive statistics of child development measures. Children scored, on average,
lowest on literacy domains (M = 0.25, SD = 0.29 eHCI Reading; M = 0.31, SD = 0.27 eHCI
Writing; M = 0.11, SD = 0.15 MODEL Literacy) and higher on numeracy (M = 0.54, SD =
0.28 eHCI; M = 0.33, SD = 0.20 MODEL). Domain scores for the eHCI and MODEL had
similar variance and most were normally distributed with skewness between = 1.5 228 though
some eHCI domains (e.g., Verbal Communication) showed evidence of ceiling effects (i.e.
items too easy) and some MODEL domains (e.g., Literacy) showed evidence of floor effects

(i.e., items too hard).

Table 6.3. Descriptive statistics of early childhood education quality (MELE) and child
development (eHCI, MODEL) measures (n = 1,168)

Measure Domain Mean  SD Skewness Kurtosis
MELE Learning Activities 4.47 0.96 0.58 2.68
Interactions and Approaches 7.11 0.95 -0.62 3.98
Classroom Arrangement 5.80 1.22 -0.19 2.30
Facilities and Safety 6.20 1.62 -0.36 2.36
Overall Quality 592 0.78 -0.77 3.53
eHCI Verbal Communication 0.85 0.27 -1.87 5.53
Cultural Knowledge 0.74 0.23 -1.01 4.03
Social and Emotional 0.56 0.24 -0.21 2.05
Perseverance 0.45 0.26 0.05 2.70
Approaches to Learning 0.72  0.26 -0.92 3.15
Numeracy 0.54 0.28 -0.10 2.07
Reading 025 0.29 1.10 3.22
Writing 031 0.27 0.96 3.27
Overall Development 0.55 0.17 -0.02 2.67
MODEL Numeracy 0.33 0.20 0.63 3.14
Literacy 0.11 0.15 2.01 7.32
Executive Function 0.22 0.20 0.52 2.42
Overall Development 022 0.15 0.94 3.64

Note. SD = standard deviation, MELE = Measure of Early Learning Environment, eHCI = early Human Capability
Index, MODEL = Measurement of Development and Early Learning. MELE data were missing for 96 children.
MELE domain scores can range from 0 to 10, scores on the eHCI and MODEL can range from 0 to 1. Higher
scores represent better ECE quality and child development.
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Figure 6.1. Box plots of MELE domain and overall scores (n = 1,168)

s — —
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Bl Learning Activities Interactions Approaches Bl Classroom Arrangement
Bl Facilities Safety Hl Overall Quality

Correlations among study variables (Supplementary Table 6.3; Appendix G) indicate small
negative associations between the Learning Activities domain and children’s development, and
small to moderate positive associations between Interactions and Approaches, Classroom
Arrangement, and Facilities and Safety domains and children’s development. Results from
linear models estimating the association between ECE quality (MELE) and child development
(eHCI, MODEL) are shown in Table 6.4. Assessment of model fit indicated models performed
well, however transformations were tested on MODEL Literacy and eHCI Verbal
Communication domains, based on post-model checks. No improvement was found with
transformations of both outcomes thus transformations were not retained. Model coefficients
(unstandardised beta coefficients) report mean score increase in outcome per point increase in
the exposure. For example, Overall Quality had an effect estimate of 0.04 for eHCI Overall
Development (95% CI 0.02, 0.05), which suggests an increase of 0.04 in eHCI Overall
Development per point increase in over Overall Quality. Effect estimates (for which confidence

intervals did not include zero and thus were considered meaningful) ranged from 0.02 to 0.05
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for eHCI domains and Overall Development, and 0.01 to 0.02 for MODEL domains and
Overall Development, indicating stronger associations between ECE quality and adult-reported

child development, relative to direct assessment.

Overall Quality typically demonstrated the strongest association with child development,
followed by the Interactions and Approaches domain. For instance, Overall Quality had an
effect estimate of 0.05 (95% C1 0.03, 0.07) for eHCI Social and Emotional development, while
Interactions and Approaches had an effect estimate of 0.04 (95% CI 0.02, 0.06). Across child
development measures, ECE quality had the largest association with eHCI Numeracy, followed
by eHCI Verbal Communication and eHCI Social and Emotional development. Associations
between quality scores and MODEL domains were smaller and less variable (i.e., Literacy,
Executive Function, and Overall Development each demonstrated the same effect estimates).
Although effect estimates observed were small, results indicate all child development scores
demonstrated a meaningful association with all or some measures of ECE quality, with the

exception of eHCI Perseverance and MODEL Numeracy.

6.3.5 Discussion

This study builds on the limited, existing research that has investigated measurement of ECE
quality and its association with children’s development in LMICs. Findings demonstrated
associations between ECE quality, as measured by the MELE classroom observation, and
children’s development in Lao PDR. Results help to inform both local and global efforts

focused on ensuring ECE provision has an emphasis on quality.
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Table 6.4. Adjusted linear regression results for the association between early childhood education quality (MELE) and child
development (eHCI, MODEL) measures (n = 1,168)

MELE
Interactions Classroom Facilities Safety Overall Quality
Approaches Arrangement
Effect Estimate  95% CI  Estimate 95% CI  Estimate  95% CI  Estimate = 95% CI
LL UL LL UL LL UL LL UL
eHCI Verbal Communication .04 .02 .07 .03 .01 .05 03 .01 .04 .05 .03 .08
Cultural Knowledge .03 .01 .05 .02 .00 .04 02 .01 .03 .04 .02 .06
Social and Emotional .04 .02 .06 .03 .01 .05 02 .01 .04 .05 .03 .07
Perseverance -01 -.03 .01 -00 -.02 .02 -01 -.02 .00 -01 -03 .01
Approaches to Learning .04 .01 .06 02 -.00 .04 03 .01 .04 .04 .02 .06
Numeracy 05 .02 .07 .04 .02 .05 02 .01 .04 .05 .03 .08
Reading .03 .01 .06 .01 -01 .03 .01 -.00 .03 .03 .01 05
Writing .03 .01 .05 .03 .01 .04 .01 -.00 .02 .04 .02 .05
Overall Development .03 .02 .05 02 .01 .04 02 .01 .03 .04 .02 .05
MODEL  Numeracy .01 -01 .02 .00 -.01 .01 .01 -00 .01 .01 -.01 .02
Literacy .02 .01 .02 .00 -.01 .01 01 .00 .02 .02 .01 .02
Executive Function .02 .01 .03 .01 -.00 .02 .01 .01 .02 .02 .01 .04
Overall Development 02 .01 .02 .00 -.01 .01 01 .00 .02 .02 .01 .02

Note. Adjusted for age, sex, ethnicity, socioeconomic status, village accessibility, and stunting. eHCI and MODEL scores range from 0-1, MELE scores range
from 0-10. MELE = Measure of Early Learning Environment, CI = confidence interval, LL = lower limit, UL = upper limit, eHCI = early Human Capability
Index, MODEL = Measurement of Development and Early Learning.
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ECE quality and child development in Lao PDR

Findings from the current study indicated that ECE classrooms across Northern Lao PDR
scored highest in terms of Interactions and Approaches (i.e., process quality), with greatest
variation among scores measuring structural aspects of quality (i.e., Classroom Arrangement
and Facilities and Safety domains). Results suggest inequality in the materials and facilities in
ECE classrooms, which is likely to reflect both differences in levels of poverty across villages
as well as differences in resourcing across types of ECE (e.g., CCDGs are delivered in purpose-
built huts, while MAT is delivered in school buildings). Quality scores may also reflect
measurement challenges in that structural factors are easily observable and recordable, while

process factors are more difficult to observe and require interpretation.

The relationship between ECE quality and child development varied across domains of quality.
The MELE summary measure, Overall Quality, which incorporated aspects of both structural
and process quality, demonstrated the strongest association with child development. Following
this was the Interactions and Approaches domain, which captured aspects of process quality
including how the teacher instructs and manages the classroom, and how children engage in
the learning environment. These findings are aligned with existing evidence in that, while
aspects of process quality are considered the main driver of the benefits of ECE for child

development?!%2!! | quality processes cannot occur without structural quality in place.?!?

Findings regarding associations between ECE quality and child development also varied across
domains of development. Broadly, ECE quality was most closely related to Numeracy,
followed by Verbal Communication and Social and Emotional development (caregiver report
indicators, measured by the eHCI). However, differences in the size of associations across child
development domains were small. Little existing research has explored these relationships
across specific aspects/domains of development in LMICs, with studies typically using a

summary or global indicator of children’s development. An exception is a recent investigation
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of ECE quality (MELE) and child development in China."** This study used the East Asia
Pacific Early Child Development Scales (EAP-ECDS), a psychometrically robust regional
direct assessment of child development. While the study’s main results demonstrated a positive
association between ECE quality and overall child development, supplementary analyses
showed that, of the seven domains of the EAP-ECDS, only scores on the Social Emotional
domain demonstrated significant associations with ECE quality. Despite differences across
studies (e.g., child development measures, country settings), this combination of findings
suggests structural and process ECE quality are particularly important for children’s social and

emotional development.

The MELE as a Measure of ECE Quality

This study builds on existing evidence regarding application of the MELE in diverse contexts.
The MELE was designed to be adapted for use in each new context®*; for instance, to align
with early learning or education quality standards in a particular country, or to capture change
in ECE quality or child development. As a result, the tool varies across applications, for
example, quality domains differ across adaptations ranging from three to seven domains.?*!
This flexibility is crucial in ensuring local relevance and ability to capture quality as it is
defined in any given context. Though, it creates challenges for comparing results across studies

and establishing global measures.

The current study demonstrated associations between both structural and process aspects of
ECE quality and children’s development. Previous research using the MELE has not indicated
this relationship with process quality, but structural quality only. In Tanzania, scores on the
MODEL direct assessment demonstrated a small association with the Materials/Activities
domains of the MELE only.* In China, scores on the EAP-ECDS direct assessment
demonstrated small associations with the three domains of the MELE that capture structural

quality.'® These findings contrast with the understanding that aspects of process quality drive
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the benefits of ECE for children’s development. Authors of these studies suggested MELE
measurement of teacher-child interactions may lack the detail, depth, or precision required to
capture or be sensitive to variations in these processes important for children’s development.
Further, the MELE captures a one-off snapshot of the classroom and in doing so, fails to
measure the stability of processes over time. In addition, evidence from other research suggests
a threshold effect, where teacher-child interactions must reach a certain level of quality before

being beneficial for children’s learning.??% 23

Previous research studies exploring the relationship between the MELE and children’s
development have demonstrated varied results. Findings from the current study suggest this
may be influenced by measures of child development employed. Specifically, ECE quality was
more strongly related to children’s development measured by the eHCI versus the MODEL.
This may be a product of the properties of the measures themselves. For example, while the
MODEL is a direct assessment and therefore captures a snapshot of children’s development at
one point in time, the eHCI is an adult report tool. Thus, the eHCI captures the respondent’s
report of a child’s abilities over an extended period. Further, findings might be influenced by
the domains of development measured. That is, the eHCI captured holistic development,
including aspects of children’s cognitive (e.g., literacy, numeracy) and non-cognitive (e.g.,
social and emotional) development. In contrast, in this study the MODEL captured aspects of
cognitive development only. In Tanzania, researchers found no association between scores on
the MELE and the MODEL caregiver and teacher report of children’s development (focused
on Social and Emotional development), but did detect an association between ECE quality and
the MODEL direct assessment (Literacy, Numeracy, Executive Function).®® In China, research
reported an association between ECE quality and the EAP-ECDS direct assessment (Overall
Development).!* Variation in findings highlights the importance of using different measures

of children’s development when exploring ECE quality. While all measures in studies
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described were adapted to the local contexts, it appears holistic measures of child development

have been most sensitive to variation in ECE quality, as measured by the MELE.

Challenges in the Application of the MELE in Lao PDR

Use of the MELE in Lao PDR has highlighted challenges specific to the Learning Activities
domain which may be relevant in other settings. To receive the top score on the Learning
Activities domain, opportunities to support children’s development of maths, literacy,
expressive language, and fine and gross motor skills, as well as book reading, free play, and
music or movement activities must occur within the observation period. Uncertainty around
feasibility of this occurring (i.e., all types of learning observed in a two-hour window) emerged
through implementation. Further, unlike remaining MELE domains, scores on the Learning
Activities domain were highly dependent on the day and time at which the classroom
observation occurred, and thus the lesson being conducted. This is because the ECE curriculum
in Lao PDR is nationally consistent (i.e., all forms and classes of ECE carry out the same lesson
plan). Thus, unless all observations occurred on the same day and at the same time, this would

result in bias among scores on the Learning Activities domain.

More recently established classroom quality measures, also designed for use in LMICs, have
addressed this challenge. Teach ECE, developed by the World Bank based on the existing

framework of Teach Primary?®3!: 232

, captures time spent on learning activities and the extent to
which children are on task.?** In this way, quality scores are reliant on time spent engaged in
learning rather than the type of activity covered in the observation period. This is measured in
addition to quality of teaching practices (centred on classroom culture, guided learning, and
socioemotional skills) as well as a checklist of aspects of structural quality. Measurement of
time on learning and children’s level of engagement is based on a growing body of evidence

indicating the importance of teachers’ ability to maximise learning opportunities in the

classroom, including incorporating learning into routines and transitions throughout the day.?**
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Psychometric evidence of Teach ECE is yet to be established across diverse contexts. Moving
forward, researchers seeking to measure ECE quality in LMICs could look to incorporating

both tools (MELE, Teach ECE) to investigate how these differences play out in practice.

Limitations

Use of cross-sectional data brings about some limitations in our findings. Without longitudinal
data and baseline measurement of children’s development, growth in development as a result
of differences in ECE quality (i.e., a causal relationship) cannot be determined. This is
particularly important when investigating the relationship between ECE quality and children’s
development, considering previous research has shown quality classrooms can be differentially
beneficial dependent on a child’s existing ability (e.g., children with advanced development
can better take advantage of the learning environment).?*> 23 Also, ECE quality, particularly
aspects of process quality, are dynamic and thus measurement at one point in time does not
capture this nuance. While findings from the current study would suggest increased ECE
quality in Lao PDR would result in improved child development, future longitudinal research

with measurement of ECE quality and child development at multiple time points is required.

While analyses adjusted for a range of child, household, and village level variables, additional
unmeasured factors likely played a role in the relationship between ECE quality and child
development. For instance, children are instructed in the country’s official language, Lao.
However, for many children (particularly considering the study sample included a majority of
Khmu children), Lao is not their mother tongue (first language) and so this will influence the
ability good quality ECE has to promote development. Children’s experience of disability is
also an important consideration when investigating the relationship between ECE quality and
child development, to help inform strategies for inclusive quality education. Additionally, time
spent in ECE is likely to influence the relationship between ECE quality and children’s

development. The current study was not able to incorporate ECE dose and the relationship
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between ECE quality and children’s outcomes would likely differ for children who attended
ECE, for instance, once versus every day of the week. Future studies should consider measuring
language of instruction, disability, and ECE dose, as well as other factors likely to influence

the ECE quality and child development relationship.

Finally, children in our sample resided in provinces throughout Northern Lao PDR attending
three different forms of ECE. This does not include representation of kindergarten, one of the
main forms of early education in Lao PDR. Our sample also was not representative of children
living in the poorest communities and/or households in Lao PDR. While provinces were
selected for participation in the ECE Project based on high levels of poverty, districts were
only eligible if they had existing education infrastructure. As a result, research findings may

not generalise beyond the setting of the current study.

Implications

Findings from this study advance understanding of ECE quality both in Lao PDR and LMICs
more broadly, including measurement approaches and the relationship between quality and
children’s development. Using a psychometrically robust and locally relevant measure of
children’s development, the eHCI, this study is the first to demonstrate associations between
process quality in ECE classrooms as measured by the MELE, and children’s development.
Indeed, aspects of both structural and process quality were associated with child development.
Although associations observed were small, which is consistent with research in LMICs*’,
findings reiterate the need for continued investment not only in expansion of access to ECE for
all children, but also for policy to ensure high quality service provision. Further, the emphasis
on quality needs to extend beyond facilities and materials, to adequately equipping schools and

teachers with the training and resources required to facilitate learning through what are deemed

high quality interactions and responses to children’s needs within any given context.
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Moving forward, future research avenues offer ways through which current challenges in the
measurement of ECE quality in LMICs could be addressed. This includes studies that employ
a longitudinal research design and those that consider language of instruction, disability, and
ECE dose. Further, recent developments in tools capturing ECE quality in LMICs, such as
Teach ECE, offer alternative measurement approaches that should be explored to address
challenges faced by measures currently used. While SDG target 4.2 outlines that access to
quality early childhood development, care, and pre-primary education is necessary for all
children, what constitutes quality and how countries should track progress against this target
lacks consensus. This is a reflection of where the field of evidence regarding ECE quality in
LMICs currently stands and the research investment needed to advance understanding in this
space. A more robust evidence base will inform targeted policies (e.g., national ECE quality
standards and associated monitoring) and interventions (e.g., teacher professional development
programs) to promote high quality ECE service provision and ultimately, improvement of

children’s development outcomes.

Conclusion

Monitoring of ECE quality in LMICs is scarce, limited by a lack of measurement tools that
reflect local culture and context as well as implementation difficulties. With rapid expansion
of ECE in Lao PDR and LMICs more broadly, the need to investigate quality of ECE through
scale up is paramount. Using a built-for-purpose ECE quality measure, the MELE, findings
from this study reiterate the need for continued investment not only in expansion of access to
ECE for all children, but also to ensure high quality service provision through emphasis on
both structural and process aspects of quality. Globally, continued efforts to strengthen
understanding of the ECE service aspects that drive positive outcomes for children are required
to appropriately inform policies and interventions and ensure children can benefit from

investments in early learning environments.
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Chapter 7: Discussion and conclusions

7.1 Chapter outline

The research presented throughout this thesis is brought together here in the final chapter. It
begins by discussing key findings of the research studies conducted, highlighting how each
study supports these learnings and how findings contribute to and advance existing evidence
regarding population level measurement of early childhood development. Next, overall
limitations of this thesis are discussed, including how future research may overcome these
challenges. The chapter concludes with a discussion of the implications of findings for policy
and practice, including how the eHCI may be used to facilitate population measurement and

monitoring of holistic early childhood development in LMICs moving forward.

7.2 Key findings and contributions

Population level measurement of early childhood development in LMICs has been challenged
by a lack of appropriate measurement tools that are feasible for use at scale, reflect local culture
and context, and have the sensitivity required to detect variation in children’s development and
appropriately inform supports to promote children’s outcomes. The eHCI was developed with
the vision to overcome these challenges. This thesis investigated the psychometric properties
and sensitivity of the eHCI in seven LMICs, including Brazil, China, Kiribati, Lao PDR,
Samoa, Tonga, and Tuvalu. This research sought to establish reliability, validity, and sensitivity
of the tool across diverse settings and advance understanding of how the eHCI can be used to
facilitate population measurement of early childhood development. Pre-existing data collected
using the eHCI among children aged 2 to 6 years in seven LMICs throughout 2013 to 2020
was utilised in four research studies presented in this thesis. Studies were designed to explore
four research questions, and papers presented in Chapters 3 to 6 detailed how the research

undertaken has explored and responded to these questions. In this section, the key findings and
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contributions from across these four research studies are summarised. Key contributions to
existing evidence regarding population measurement of early childhood development, with a

focus on LMICs, have been organised into five points below.

7.2.1 The eHCI is psychometrically robust

Findings demonstrated that the eHCI was psychometrically robust across the seven LMICs
included in this thesis. Specifically, the tool demonstrated adequate internal reliability (Chapter
3), as well as various aspects of construct validity (Chapters 3 and 4) and criterion validity
(Chapters 4 and 5). The eHCI maintained adequate psychometric properties despite the
necessary processes of local adaptation, translation as well as different methods of
implementation in each country. Beyond this, the instrument proved reliable and valid
notwithstanding the great cultural and societal diversity in these countries. Few population
measures of early childhood development have demonstrated comprehensive reliability and
validity evidence across LMICs in this way. For instance, among available measures
summarised in Chapter 1, while the EDI and IDELA have several published reliability and

82,238 psychometric evidence for remaining tools is limited.*

validity studies across countries
Specifically, some instruments lack any published reliability and validity investigations. For
other tools, such as the MELQO MODEL, while psychometric investigations have been

conducted, strength of reliability and validity results across countries have been mixed.3% 8’

Overall, results from this thesis indicate that the eHCI can be used across diverse, low resource
settings to facilitate reliable and valid measurement of early childhood development. Prior to
this, there did not exist psychometric evidence for the eHCI across countries beyond content
and face validity through the process of local expert consultation in each setting. Moving
forward, based on the findings presented in this thesis, countries, their governments,

researchers, and communities can be confident in implementing the eHCI to accurately capture

202



Chapter 7: Discussion

the state of their children’s development. Further, although the eHCI was originally designed
to measure development among children aged 3 to 5 years”, results presented in Chapters 3 to
6 of this thesis indicate the tool can be validly applied to children aged 2 to 6 years. Being
psychometrically robust for use among a wider age range of children expands applicability of
the tool, and this is discussed along with other implications of findings for policy and practice
in Section 7.4 below. Additionally, results across studies demonstrated that both caregivers and
teachers provided responses to the eHCI that were reliable and valid. This included caregivers
with low literacy and education (i.e., most caregiver in Lao PDR had not completed primary
school). This is aligned with the instrument’s intended pragmatic and feasible nature in that

information can be collected through methods most convenient in any particular setting.

7.2.2 Evidence for predictive validity in LMICs

From a public health perspective, it can be argued that predictive validity is most important
among all psychometric properties of a measure. This is because measures of child
development should have the ability to predict meaningful outcomes later in life (e.g., cognitive
and social-emotional capabilities, educational attainment) if scores on such measures are to be
used to appropriately inform investments designed to promote children’s development.
Alternatively, using a measure with poor predictive validity can lead to ill-informed policy and
misdirected resources (e.g., implementation of interventions designed to promote aspects of
development that are inconsequential for later life outcomes). Despite this, limited early
childhood development measures have established predictive validity, particularly in LMICs.?*
193 This was the case prior to the commencement of this thesis in 2017 and remains true upon
its completion. Population measurement and monitoring of early childhood development in
LMICs has gained momentum in recent decades. Time is a critical factor in investigations of
predictive validity (e.g., ideally several years will have passed since collecting baseline scores

on a tool, before children’s later outcomes can be measured and thus predictive validity
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explored), so it would be expected that recently developed measures would seek to establish
predictive validity once longitudinal data becomes available. However, even many of the
longer standing measures focused in LMICs have not published predictive validity evidence.
For instance, the EAP-ECDS, developed in 2010 and implemented across several countries in
East Asia Pacific, has not published predictive validity investigations for either the original

long form instrument or the more recently development short form tool.

Chapter 5 of this thesis established adequate short term predictive validity of the eHCI.
Specifically, poor scores on the eHCI among children aged 2 to 5 years in Lao PDR predicted
poor cognitive development (i.e., literacy, numeracy, and executive function) four years later.
Globally, this represents the first evidence for the predictive validity of an adult report
population measure of early childhood development in LMICs, and thus a key contribution of
the research undertaken within this thesis to existing literature. More broadly, these results also
strengthen current evidence regarding how a child’s early development influences later
outcomes in LMICs, which is scarce. Further, use of Receiver Operator Characteristic curve
analysis typically applied to clinical screening tools provided a more comprehensive approach
to exploring the predictive ability of the eHCI, relative to existing studies exploring predictive
ability of population measures only using single or multiple variable regression associations
(e.g., studies focused on the EDI in Canada and Australia, and the IDELA in Ghana)'>"- 18 23%
240 which provide little information about overall predictive ability of a measure. Overall, this
predictive validity evidence generated supports use of information collected via the eHCI to
inform early years investments and/or shifts in policy and practice, with findings suggesting
that employing strategies to promote children’s scores on the eHCI have the potential to
provide meaningful benefits for later outcomes. However, as outlined in Chapter 5 and again

below in Section 7.3.2, further investigations are needed to strengthen these claims.
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7.2.3 Importance of capturing children’s holistic development

The eHCI was developed through a process of local expert consultation combined with existing
theoretical conceptualisations to capture children’s holistic development across domains
including Physical Health, Verbal Communication, Cultural Knowledge, Social and Emotional
Skills, Perseverance, Approaches to Learning, Numeracy, Reading, and Writing. While some
of these domains are common in measurement instruments designed for use in Western, high-
income settings (e.g., aspects of language, social emotional skills, literacy, and numeracy),
others are not (e.g., knowledge of culture, perseverance), reflecting differences across cultures

and contexts in terms of the skills and capabilities of a well developing child.?* 3

Emphasis on holistic development has gained momentum in recent decades, highlighted by
inclusion of targets related to children’s health, learning, and psychosocial wellbeing in the
United Nations Sustainable Development Agenda.®! The findings presented in this thesis
provide unique additional evidence to the existing literature, which further strengthens the case

for capturing children’s holistic development in population measurement.

Research studies in this thesis indicated some variation in the strength of reliability and validity
across individual eHCI domains measuring different aspects of children’s development (e.g.,
Physical Health and Perseverance domains demonstrated less than satisfactory internal
reliability). Importantly however, findings demonstrated that the instrument’s summary
measure, eHCI overall development, which combines information from all nine domains, was
particularly valuable. Namely, in Chapter 5, eHCI overall development was consistently the
best predictor of children’s later cognitive outcomes, relative to individual eHCI domains (e.g.,
Reading, Writing etc). Further, findings from this study highlighted that a holistic measure of
children’s development (i.e., eHCI overall development) provided a better predictor of later

cognitive outcomes, relative to other child development measures that captured literacy and
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numeracy alone (i.e., the version of the MELQO MODEL utilised in the ECE Project in Lao
PDR). Considering the paucity of evidence regarding how early development influences later
outcomes in LMICs, results indicating the predictive validity of children’s holistic

development make an important contribution to existing knowledge.

Additionally, in Chapter 6, children’s eHCI overall development scores were associated with
ECE quality, including both structural and process components of the classroom. These
findings help to highlight another strength of a holistic measurement approach. When
measuring development among a wide age range of children (e.g., 2 to 6 years), some aspects
of development will have floor or ceiling effects (i.e., if items are too hard or too easy),
dependent on child age. For instance, floor effects may be observed on literacy and numeracy
among 2-year-olds, and ceiling effects may be observed on communication skills among 6-
year-olds. A holistic measure combining domains (e.g., eHCI overall development), is less
prone to this issue and enables greater sensitivity, as previously discussed. Overall, findings
generated throughout this thesis highlight the importance of capturing children’s holistic
development, as locally relevant. Short tools designed to be added into household surveys for
global comparison (e.g., ECDI2030) may be too blunt (i.e., capture limited information and

therefore lack variability in scores) to be capable of this.

7.2.4 Importance of reflecting local culture and context

Acknowledging that children’s development is shaped by culture and context™ %>, the eHCI
was designed to be adaptable across diverse settings to ensure the tool generates locally
relevant results.”” Specifically, users are able to revise, add, or remove items from the
instrument as relevant to their setting. The commentary article presented in Appendix H, co-
authored by the Candidate and published in February 2020°, highlights the need for measures

of early childhood development to reflect culturally-valued capabilities of children developing

206



Chapter 7: Discussion

well. Thus, measures designed to be culturally “fair” or “neutral” (i.e., items or activities that
seek to operate identically across cultures) for the purposes of global monitoring and
international comparison do not reflect important attributes of children’s development within
local cultures and therefore have limited relevance and utility when it comes to informing
intervention and policy within countries.” This is aligned with Section 7.2.3 above, in that a
culturally fair or neutral tool will not capture children’s holistic development, as it does not

include culturally relevant capabilities.

Findings presented throughout this thesis support the need for tools to be aligned with local
culture to produce information that both accurately reflects children’s abilities and is relevant
to local policy and practice. Further, use of a locally adapted tool and generation of context-
specific data supports local ownership of results, which is critical for local action, driving
investments in children’s early development. In Chapter 3, while eHCI domains measuring
children’s literacy and numeracy yielded consistent internal factor structure results across
countries, findings across remaining domains demonstrated greater variation across countries,
reflecting the influence of culture and context on the capabilities measured by these domains
including communication, health and hygiene practices, and social and emotional skills. In
Chapter 4, variation in the strength of associations between eHCI domains and child and family
characteristics also highlighted the context-specific nature of early childhood development
measurement. At the outset of this thesis, in 2017, emphasis in the field of early development
measurement centred on global comparability and cultural neutrality, in light of ratification of
the Sustainable Development Agenda in 2015 and the requirement for global monitoring of

children’s health, learning, and psychosocial wellbeing.®!

Now, in 2022, increasingly
measurement approaches are seeking to combine both a culturally neutral set of core items that

can be used across countries for the purposes of global comparison, together with items that

capture holistic development as relevant to local culture and context (e.g. AIM-ECD).® Results
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from the research studies included in this thesis, as well as the arguments presented in the
commentary article described, have served as proponents in this global debate and strengthened

the argument for the need for locally relevant measurement of early childhood development.

7.2.5 The eHCI can be used for dual purposes

t.2% Existing

Selection of an instrument is largely driven by the purpose of measuremen
population measures of early childhood development range from brief, adult report tools
intended for global population monitoring (e.g., MICS ECDI), to detailed direct assessment
instruments designed to aid program evaluation (e.g., IDELA, EAP-ECDS). Results presented
throughout this thesis indicate the eHCI may strike a balance between the two, with findings
demonstrating the tool is suitable for both applications. In Pacific Island Countries, including
Kiribati, Tonga, Tuvalu, and Samoa, the eHCI was employed using a census approach for
population monitoring purposes. The tool was feasible for collection of information among all
children aged 3 to 5 years nationally, with Chapters 3 and 4 demonstrating reliability and
validity of results. In Brazil, China, and Lao PDR, countries with considerably larger
populations, the eHCI was applied through a sample approach for varied purposes, including
identification of inequalities in children’s development in China, or measuring impact of early
years interventions in Lao PDR. Chapters 3 and 4 also demonstrated reliability and validity of
information collected through this approach. Further, Chapter 5 showed that the eHCI predicted
children’s later cognitive outcomes, and Chapter 6 demonstrated that scores on the tool had
adequate sensitivity to variations in children’s development according to ECE quality.
Together, results have demonstrated that the eHCI has achieved its aims of being feasible and

valid for purposes including population monitoring, program evaluation, as well as longitudinal

studies seeking to predict children’s future capabilities.”
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Efforts in the instrument’s design to ensure feasibility for use at scale in low resource settings,
as well as adaptability to each new context, have not hindered adequate reliability and validity.
Taken together, findings suggest the eHCI may be validly applied for the dual purposes of
population monitoring and program evaluation. Prior to this thesis, no population measure of
early childhood development had demonstrated such applicability in LMICs. For instance,
while the teacher-reported EDI is feasible for population monitoring, as has been shown in
Canada and Australia, demonstrating predictive validity in both settings'>” 23 240 the tool
cannot be adapted to be appropriate for use in in diverse settings including LMICs due to
copyrighting and licensing restrictions. On the other hand, while the IDELA has demonstrated
predictive validity in Ghana'*®, the instrument does not share the same pragmatic nature of the
eHCI as it is administered via direct assessment; a method that is not typically feasible for

implementation at scale in low resource settings.

Indeed, though direct assessment measures are often argued to be the gold standard approach
to measuring children’s development, relative to adult report measures®, findings from
Chapters 5 and 6 indicate that the eHCI (i) better predicted children’s later outcomes and (ii)
exhibited greater sensitivity to variation in children’s development according to ECE quality,
relative to a direct assessment of children’s development. As discussed in Chapters 5 and 6
(and reiterated in Section 7.2.3), this is argued to be partly attributable to the holistic nature of
the eHCI (i.e., capturing both cognitive and non-cognitive development), versus direct
assessment measures focused on cognitive development only. Nevertheless, results cast some
doubt over the argument for the superiority of direct assessment of children’s development and
warrant further investigation into this widely accepted gold standard. In this way, the eHCI and

the findings presented in this thesis make a unique contribution to current knowledge.
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7.3 Limitations and recommendations for future research

While limitations of individual research studies have been detailed in corresponding chapters,

this section discusses two overarching limitations of the research presented in this thesis.

7.3.1 Respondent reliability

As described in Chapter 1, two aspects of reliability that are important to establish when
exploring the psychometric properties of a measurement tool include consistency in scores over
time (test-retest reliability) and across respondents (inter-rater reliability).!'% !'! The data
required to conduct these investigations had not been collected and/or was not accessible at the
time of undertaking this research? and could not be collected within the scope of this thesis
given the context within which the eHCI was deployed in LMICs (i.e., as part of independent
research programs). Specifically, data collected for the same child via the same respondent at
two timepoints within a short timeframe (e.g., a few weeks to a month) to evaluate test-retest
reliability, and data collected for the same child at the same time via two different respondents

(e.g., a child’s caregiver and teacher) to assess inter-rater reliability.

Overall, results from this thesis show that the eHCI is reliable and valid through administration
via both caregivers and teachers as respondents. However, future research should explore test-
retest reliability and inter-rater reliability to establish consistency of the tool over time and
across respondents. Considering the eHCI is typically completed by children’s caregivers or
teachers, it is particularly important to gain a better understanding of the level of agreement
between how caregivers and teachers respond to the tool (i.e., inter-rater reliability). Existing
research has demonstrated that caregivers and teachers tend to rate children differently on

measures of early learning and development®*!***, with results dependent on children’s age,

4In Tonga and Tuvalu, some children had eHCI records completed by both their caregiver and preschool teacher.
In Tuvalu this duplication was planned while in Tonga it was not. These records had limited respondent
information, and so it was decided not to use this data for inter-rater reliability investigations.
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developmental domains assessed, as well as context of measurement. Although the majority of
this research has been conducted in high-income countries, this phenomenon may be
particularly applicable in LMICs whereby it is more likely that a larger proportion of caregivers

have received little to no education, or teacher training is conducted with varying standards.

Research investigating the reliability and validity of the eHCI in Shanghai, China, was
published in 2020, including test-retest and inter-rater reliability among samples of 183 and
168 children, respectively.!®® Test-retest reliability among caregivers demonstrated strong
results for eHCI overall development scores, with less consistency in scores on Social and
Emotional Skills, Perseverance, and Approaches to Learning domains. Inter-rater reliability
analyses showed moderate agreement between caregivers and teachers on eHCI overall
development, with stronger agreement for measures of children’s literacy and numeracy
compared to that for other domains. Although this research provides initial insight into test-
retest and inter-rater reliability of the eHCI, Shanghai, China’s urban capital, is a context quite
different to other countries in which the eHCI has been implemented. Therefore, it is
particularly important that future research explores whether there exists an adequate level of
agreement between caregiver and teacher ratings of children’s capabilities on the eHCI; not
with the intention of determining a “more reliable” respondent as the eHCI seeks to be
pragmatic including implementation via the most convenient method, but rather to establish

adequate agreement and further bolster confidence in the tool.

7.3.2 Generalising findings globally

Recently, McCoy proposed a model or framework of “developmental universality with
specificity”.”® In this article, current understanding of the extent to which early childhood
development is similar (universal) and different (specific) across cultures was summarised. For

instance, there is evidence regarding the homogeneity of children’s mastery of basic motor
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development milestones across countries, with a study demonstrating that 90% of samples of
infants in Ghana, India, Norway, Oman, and the United States followed the same sequence of
sitting, crawling, standing, and walking within a similar age range.?** The same has been
demonstrated for children’s language and cognitive milestones.”> Alongside this there exists
evidence for differences in the form (what it looks like), timing (when it emerges), and
relevance (how it is valued) of early childhood development across cultures. One example
provided is variation across countries in the extent to which children exhibit prosocial
behaviour such as sharing or helping others (i.e., form), with differences largest among older
children versus younger children (i.e., timing).2*> 246 Specificity is described to derive from
differences in societal norms as well as caregiving practices®*’. This evidence highlights an
important consideration when reflecting on the research settings in which the eHCI was

conducted and thus the children and countries that were included in this thesis.

Specifically, the research presented here is based on data collected in seven LMICs. These
countries capture some of the diversity that exists across LMICs, including differences in
population size, income classification, culture, and early years service landscape. However,
they are also homogenous in other ways. For instance, six of the countries are situated in East
Asia and Pacific, with one country (Brazil) in Latin America. While results have demonstrated
that the eHCI is psychometrically robust across these seven countries, this somewhat limited
geographical spread and therefore cultural diversity is important to consider in terms of the
generalisability of findings to world regions beyond those included in the studies presented
here. It is important that future research seeks to adapt the eHCI, replicating reliability, validity,
and sensitivity findings across countries in other world regions including Europe and Central
Asia, Middle East and North Africa, South Asia, and Sub-Saharan Africa, particularly the latter
two regions where a large proportion of the world’s children at risk of not achieving their

development potential reside.” Perhaps additional developmental aspects/domains will emerge
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as important for a well-developed child in different settings, or related to Section 7.3.1 above,
perhaps implementation in other world regions will highlight important considerations for
reliability of different respondents to the tool. This additional research will instil further

confidence in the eHCI as a feasible, reliable, and valid tool for use globally.

Further, investigations of the predictive validity and sensitivity of the eHCI were restricted to
Lao PDR. This was enabled through existing data collected as part of the World Bank ECE
Project which included collection of the eHCI alongside various other child, family, and village
level information longitudinally.?*® To date, data has not been collected in other countries to
enable similar investigations. However, as such data becomes available, research should seek
to extend findings presented throughout this thesis to other countries and world regions. Again,

doing so will further strengthen validity of the tool for global application.

7.4 Implications for policy and practice

This thesis provides evidence for how the eHCI can be utilised to facilitate measurement of
holistic early childhood development in LMICs moving forward. Specifically, the tool can be
reliably and validly used among children aged 2 to 6 years, through either a census or sampling
approach, for the purposes of locally relevant population measurement and monitoring, as well
as program evaluation. Ultimately, both applications (i.e., census, sample) collect information
that can be used to inform policy and practice in terms of resourcing and supports to promote
children’s development. In this section, implications of these findings are discussed, organised
into two overarching points, namely (i) next steps for the field of population measurement of
early childhood development, including the eHCI, as well as (ii) next steps for using population

data on early childhood development to promote children’s outcomes.
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7.4.1 Next steps for population measurement of early childhood development

Ratification of the Sustainable Development Agenda in 2015 and the requirement for countries
to monitor children’s health, learning, and psychosocial wellbeing (i.e., SDG 4.2.1)®! saw an
emphasis in the field of early childhood development measurement on cultural neutrality to
enable global comparability. In 2019, the ECDI2030, a 20-item caregiver report tool that
determines the percentage of children aged 24 to 59 months developmentally on track in health,
learning, and psychosocial wellbeing, was established as the measure for global monitoring
against SDG 4.2.1.7%7* Countries will utilise this tool to track progress against the SDG
indicator, with the ECDI2030 a standard inclusion in UNICEF MICS7 (national household
surveys) from 2023 onward.”> 7 Importantly, this will enable a comparison of the percentage
of children developmentally on track within and across countries and world regions (see for
example a comparison of ECDI results across 66 countries?*®), highlighting inequalities in
children’s outcomes and informing targeting of global resources and supports. However, it is
important that countries understand what population monitoring using the ECDI2030 will not
provide. It will not holistically capture the skills and capabilities of what is considered a well-
developed child as locally or culturally relevant in any particular context. Further, due to its
brevity together with universality of items eliminating aspects of culture from measurement, it
is likely that the tool will not provide results that reflect adequate sensitivity to variation in
children’s development as a result of interventions or supports, and therefore will not be
appropriate to facilitate evaluation of programs or policy. Whether the ECDI2030 is valid for
such an application currently remains untested. If countries, particularly LMICs with limited
resources, are to invest in population measurement of early childhood development, it would

be remiss not to ensure the endeavour is most efficient and could serve all of these purposes.

To this end, now in 2022, increasingly measurement approaches are seeking to combine both

a culturally neutral set of core items that can be used across countries for the purposes of global
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monitoring, together with items that capture holistic development as relevant to local culture
and context. Such a solution was proposed in the commentary article by Rao and colleagues
(Appendix H), arguing that global monitoring of children’s development does not need to come
at the cost of producing locally relevant results.”® A recently developed example of such an
approach is the AIM-ECD; a core set of items that measure early childhood development
among children aged 4 to 6 years through both caregiver report and direct assessment
modules.®® 8 The instrument includes 20 caregiver report items and 84 direct assessment items
spanning domains including early literacy, early numeracy, executive functioning, and social-
emotional competencies. As described in Chapter 1, the AIM-ECD intends to be used in
conjunction with items that capture local contexts, to facilitate scale up of early childhood
measurement and advance understanding of both universal and context-specific factors that

influence children’s development to inform policy and practice.%® 8

The AIM-ECD was developed through a process of harmonisation of data from existing
measures of child development from across LMICs. To highlight overlap between measures,
authors compared the AIM-ECD core items with items in other instruments including the eHCI,
EAP-ECDS, and IDELA. Of all measures examined, the eHCI had the greatest overlap.
Specifically, it contains all early literacy and numeracy items (11), and five of the nine
executive functioning and social-emotional competencies included in the AIM-ECD caregiver
report core items.®® This overlap means that few items would need to be added to measures to
ensure they contain the core items for global comparison, while simultaneously achieving aims
of the original measure (e.g., locally relevant program evaluation). Indeed, perhaps the same
approach could be applied to the ECDI2030 among children aged 2 to 4 years as the eHCI also
shares items with this measure. As the eHCI is freely available for anyone to use, it may

facilitate such novel, multi-purpose strategies. Findings regarding how this approach works in
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practice are not yet available, and such investigations will be important in guiding future

population measurement of early childhood development.

The eHCI was developed with a focus on being feasible, locally relevant, and psychometrically

robust.”’

The instrument was not originally intended to be used for international comparison of
children’s development. Indeed, reliability and validity investigations required for such a tool
(e.g., measurement equivalence across cultures**®) would need to be conducted in addition to
investigations presented in this thesis. However, considering the findings demonstrated
throughout this thesis, it may be that the eHCI could be applied using the same approach. While
the tool is intended to be adaptable for different cultures, many items have remained the same
across country versions of the tool to date. For instance, a comparison of versions of the eHCI
utilised in the seven countries included in this thesis demonstrated that approximately 30 items
(about 45-55%, dependent on adaptation) were maintained across all versions. In using the
eHCI moving forward, it may be that all countries could maintain a core set of the instrument’s
items in addition to those that fulfil their measurement needs as identified through local
adaptation, whether that be cultural-specific items or items designed for policy or program
evaluation. Such an approach may have broader utility than that using the AIM-ECD

considering the wider age range captured by the eHCI (2 to 6 years), as well as greater

flexibility in terms of respondents (caregivers and teachers).

Overall, while the ECDI2030 will continue to be implemented for the purposes of tracking
progress towards the Sustainable Development Agenda, novel approaches incorporating core
items for global comparison of children’s development as well as locally relevant items, such
as the AIM-ECD or the eHCI, should be explored in future early childhood development
measurement endeavours. Implementing an approach that seeks to serve dual purposes would
likely be a more efficient use of resources in LMIC settings, and thus better facilitate scale up

of early childhood development measurement.
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7.4.2 Next steps for using population data to promote children’s outcomes

This thesis has centred on approaches to generating population early childhood development
data. Such data are important in demonstrating impact of interventions and supports designed
to promote children’s developmental outcomes, which is a necessary step in bringing programs
to scale and maximising benefits across populations.'®? It is important to acknowledge that data
generation plays one part in the complex landscape of the systems required to support

children’s development, and indeed health and development across the life course.

Currently, there exist training and resources to support adaptation and implementation of early
childhood development measurement tools, as well as guides to facilitate analysis of data
collected and dissemination of results. What is missing from the suite of supporting materials
for all measures designed for use in LMICs discussed, including the eHCI, are guidelines on
how data generated can be used to inform implementation of interventions or policy. The 2022
Lancet series on Optimising Child and Adolescent Health and Development provides an array
of what are deemed effective and affordable interventions to promote child health and
development in LMICs, spanning preconception and pregnancy to 20 years of age.'> However,
while this summary includes many health interventions (e.g., promoting adequate nutrition or
the prevention of infectious diseases), only a small number of interventions identified target
the promotion of children’s development including integrated responsive caregiving and early

5, 250-252

learning interventions , as per the Nurturing Care Framework, and school-based social

and emotional learning and psychosocial interventions.?>* 254

Currently, over seven years since ratification of the Sustainable Development Agenda, gaps in
children’s health and development persist within and across countries, reflecting inadequate
12, 255

coverage and implementation of high-quality supports required for nurturing care.

Coupled with the effects of the COVID-19 pandemic on economies, services, systems, and
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populations undermining previous progress, evidence-based interventions must be brought to
scale, with integration across both systems and the life course, in order for countries to achieve
the Sustainable Development Agenda.?*® Data generated through locally relevant, valid, and
reliable population measurement of early childhood development, such as the eHCI, can be
used to inform the targeting of supports for children’s development and formation of human
capital. However, the next decade of the Sustainable Development Agenda era must not only
encourage ongoing monitoring, but emphasise supports for countries, their governments, and
communities to operationalise information collected into implementation of evidence-based

interventions and policy designed to ensure that all children can survive and thrive.

7.5 Thesis conclusion

The eHCI was designed to overcome challenges of existing population measures of early
childhood development, particularly in low resource settings. Prior to this thesis, the eHCI had
been implemented in several LMICs as part of various independent projects seeking to promote
children’s health, development, and education, though there did not exist evidence for the
reliability, validity, and sensitivity of the tool across countries. The research presented in this
thesis has demonstrated that the eHCI is psychometrically robust across diverse settings for use
among children aged 2 to 6 years for the purposes of population monitoring as well as program
evaluation. Research learnings bolster confidence in continued use of the tool to facilitate
generation of locally relevant population level early childhood development data. Moving
forward, freely available for anyone to use, the eHCI will continue to feed into new approaches
that seek to simultaneously achieve measurement of locally relevant holistic development
alongside monitoring for global comparison; the latter required for tracking progress toward
the Sustainable Development Agenda. Investigations into how this approach works in practice

will be important in guiding future population measurement of early childhood development.
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Is HREC review required?

If you answerad Yes or Possibly to any of these questions the research will require HREC review and you
will need to submit an application for low risk or full review.

If you answerad No to every question this is a good indicator that your research is ‘negligible nsk research’
and is exempted from HREC review remembering that this checklist is a general guide only and does not
replace the need for researchers to do their own thorough review against the National Statement.
Researchers satisfied that the research is negligible nsk research should sign the declaration below and retain
this checklist and declaration.

This document can be usad in the auditable record of any research undertaken that has been exempted from
HREC review (NS 5.2.9).

Researcher's Declaration:

l/we have read the National Statement on Ethical Conduct in Human Research (2007).
lfwe, the researcher(s) agree:

* That the research to be undertaken in the above named project is ‘negligible risk research’ and is
exempted from review by the Human Research Ethics Commitiee (HREC);

* To only camy out this research project where adequate funding and personnel is available 1o enable
the project to be camed out according to good research practice and in an ethical manner;

¢ To maintain the confidentiality of all data from or about project participants and to store the data
according to the Australian Code for the Responsible Conduct of Research 2007 and other legislative
reguirements;

+ To notify the HREC in writing immediately if any change to the project is proposad that might require
review by the HREC and await approval before proceeding with the proposed change.

Principal
researcher's Name: A/Prof Sally Brinkman | Date: 151172017
signature:
Researcher ) 3

% Name: Ms Alanna Sincovich Date: 15112017
signature:

Note: add additional signafure fines a5 required.
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Supplementary Table 3.1. Brazil eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Appendix C: Supplementary materials from published journal article 1

Appendix C

Domain Item Yes/Able  Missing
Physical g this }ihildh(')lf;? sicl;‘?*' knowledge of hygiene ( o o hands. 186 (10.3) 13 (0.7)
oes this child have basic knowledge o iene (e.g., comes to school clean, washes hands, has a
Health clean backpack and toothbrush)? ¢ 7 ¢ 1,737 (96.0) 10(0.6)
Can this child communicate what he/she wants with gestures (e.g., crying or pointing)? 1,776 (98.1) 22 (1.2)
Does this child understand the language spoken? 1,797 (99.3) 3(0.2)
Verbal Can this child use words to get what he/she wants? 1,731 (95.6) 16 (0.3)
Communication  Can this child use a word or simple phrase to tell about his/her day? 1,663 (91.9) 17 (0.9)
Can this child use multiple phrases to tell about his/her day? 1,321 (73.0) 17 (0.9)
Can this child talk and listen to another in a conversation (maintain a dialogue)? 1,537(849) 24(1.3)
Can this child identify two animals? 1,781 (98.4) 15 (0.8)
Cultural Can this child identify two important types of food? 1,660 (91.7) 15 (0.8)
Knowledge Can this child identify two plants that provide food/fruit? 1,020 (56.4) 153 (8.5)
Can this child sing familiar children’s songs (e.g., Happy Birthday)? 1,733 (95.7) 19 (1.0)
Can this child sing a holiday song (e.g., Christmas, or other dates or cultural events)? 1,626 (89.8) 25(1.4)
Does this child share his/her toys and belongings? 1,611 (89.0) 20 (1.1)
Does this child take care of his/her own belongings? 1,656 (91.5) 16 (0.9)
Does this child show respect for adults? 1,716 (94.8) 20 (1.1)
Does this child show respect for other children? 1,635 (90.3) 28 (1.5)
Does this child accept responsibility for his/her actions? 1,462 (80.8) 41(2.3)
Social and Does this child have regard for the feelings of others? 1,604 (88.6) 46 (2.5)
Emotional Is this child collaborative? 1,633 (90.2) 23 (1.3)
Is this child friendly with other children? 1,647 (91.0) 42 (2.3)
Does this child kick, bite or hit adults or other children?* 208 (11.5) 47 (2.6)
Does this child have difficulty waiting for his/her turn?* 554 (30.6) 22(1.2)
Does this child understand the difference between right and wrong? 1,551 (85.7) 53(2.9)
Can this child follow simple instructions on how to do something? 1,654 (90.9) 31 (1.7)
Does this child perform tasks autonomously? 1,485(82.0) 35(1.9)
Perseverance Does this child stick with a task until completion? 1,475 (81.5) 26(1.4)
Does this child need to be constantly reminded to finish something?* 485 (26.8) 25(1.4)
Is this child easily distracted in a task?* 643 (35.5) 26 (1.4)
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Does this child show more curiosity with something new than with something familiar? 1,633 (90.2) 18 (1.0)

Does this child investigate/explore a new toy, game, puzzle or object? 1,721 (95.1) 5(0.3)

Approaches to Does this child use objects in fantasy play/in using his/her own imagination? 1,713 (94.6) 14 (0.8)
Learning Is this child interested in sports and games? 1,740 (96.1) 17 (0.9)
Does this child feel free to explore the school environment even without the presence of the teacher? 1,507 (83.3) 34 (1.9)

Does this child show interest or curiosity when dealing with a new task or activity? 1,613(89.1) 23(1.3)

Does this child recognize geometric shapes (e.g., triangle, circle, square)? 1,017 (56.2) 103 (5.7)

Can this child name and identify at least 3 colors? 1,538 (85.0) 63 (3.5)

Can this child sort and classify objects with common characteristics (e.g., shape, color, size)? 1,249 (69.0) 83 (4.6)

Can this child name and recognize the symbols of all the numbers from 1 to 10? 489 (27.0) 121 (6.7)

Numeracy Can this child count to 20? 439 (24.3) 122 (6.7)
Can this child identify differences in height/size (e.g., a horse is taller than a dog)? 1,286 (71.0) 123 (6.8)

Does this child know the sequence of events in a day (e.g., breakfast, lunch, dinner and bedtime)? 1,161 (64.1) 128 (7.1)

Does this child understand the concepts of yesterday, today and tomorrow? 523 (28.9) 143 (7.9)

Does this child have notions of weight (e.g., an elephant weighs more than a mouse)? 1,127 (62.3) 146 (8.1)

Can this child compare amounts (e.g., the number 8 is larger than the number 2)? 401 (22.2) 127 (7.0)

Can this child follow directional reading (e.g., from left to right, top to bottom)? 664 (36.7) 119 (6.6)

Can this child identify at least 3 letters of the alphabet? 1,383 (76.4) 60 (3.3)

Reading Can this child identify at least 10 letters of the alphabet? 831 (45.9) 103 (5.7)
Can this child recognize/identify at least 4 simple and usual words? 290 (16.0) 77 (4.3)

Can this child identify or read complex words? 21 (1.2) 64 (3.5)

Can this child read simple sentences? 10 (0.6) 53(2.9)

Can this child scribble on paper using a pen / pencil / crayon? 1,787 (98.7) 21 (1.2)

Can this child draw something identifiable (e.g., a stick figure)? 1,289 (71.2) 42 (2.3)

. Can this child write at least 3 letters (e.g., A, B, C)? 1,056 (58.3) 53 (2.9)
Writing Can this child write his/her name? 905 (50.0) 55 (3.0)
Can this child write (or copy) simple words? 586 (32.4) 67 (3.7)

Can this child write simple sentences? 37(2.0) 62(3.4)

Note. * = reverse scored items.
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Supplementary Table 3.2. China eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Domain Item Yes/Able  Missing
Physical Is this child frequently sickly?* ' ' 2,343 (20.5) 112 (1.0)
Health Does this child have good hygiene i.e. always wash their hands after toileting? 7,291 (63.8) 128 (1.1)

Does this child have a regular diet? 9,875(86.4) 139(1.2)
Can this child communicate their needs by crying or pointing? 11,055 (96.7) 39 (0.3)
Can this child understand local language? 10,101 (88.4) 70 (0.6)
Verbal Can this child use words to get their needs met? 9,473 (82.9) 104 (0.9)
Communication  Can this child tell you about their day using a single word or simple sentence? 8,035(70.3)  82(0.7)
Can this child tell you about their day using multiple sentences? 10,048 (87.9) 107 (0.9)
Can this child take turns speaking in a conversation? 6,380 (55.8) 140(1.2)
Can this child show sympathy or compassion for others? 7,324 (64.1) 197 (1.7)
Can this child tolerate mistakes of others? 6,692 (58.5) 163 (1.4)
Cultural Can thi; chilq identify t'wo culturally important food/fruits? 8,716 (76.2) 102 (0.9)
Knowledge Does this child talk politely? 9,310 (81.4) 127 (1.1)
Does this child also treat the people well if those people treated him/he well? 8,557(74.9) 147 (1.3)
Does this child demonstrate respect for adults? 8,226 (72.0) 163 (1.4)
Is this child good to his or her parents? 8,174 (71.5) 173 (1.5)
Is the child happy to share their toys and belongings? 9,130 (79.9) 105 (0.9)
Does this child take care of their own things? 9,395 (82.2) 111 (1.0)
Does this child demonstrate respect for other children? 7,389 (64.6) 154 (1.3)
Does this child accept responsibility for their actions? 6,321 (55.3) 150(1.3)
Social and Is this child considerate of other people's feelings? 4,489 (39.3) 151 (1.3)
Emotional Is this child helpful? 7,592 (66.4) 139 (1.2)
Is this child friendly to other children? 9,533 (83.4) 142 (1.2)
Does this child kick, bite or hit adults or other children?* 3,673 (32.1) 102 (0.9)
Is this child impatient?* 7,050 (61.7) 163 (1.4)
Does this child understand the difference between right and wrong? 5,388 (47.1) 148 (1.3)
Does this child perform tasks independently? 5,893 (51.6) 168 (1.5)
Perseverance Does this child always keep at a task until they are finished? 5,450 (47.7) 155(1.4)
Does this child need constant reminding to finish something off?* 7,962 (69.7) 157 (1.4)
Does this child get easily distracted from a task?* 7,578 (66.3) 176 (1.5
Approaches to Does th%s ch?ld §how more curiosity about sgmething new in comparison to something familiar? 10,478 (91.7) 103 (0.9)
Learning Does this child investigate/explore the function of a new toy/game/puzzle or object? 9,746 (85.3) 110 (1.0)
Does this child always want to learn something new? 9,264 (81.0) 147 (1.3)

239



Appendix C

When in an unfamiliar environment with a familiar person present, does this child feel free to 9,087 (79.5) 157(1.4)
explore?
Is this child diligent in their approach to a new job or task? 8,842 (77.4) 178 (1.6)
Does this child will to find out answer if she/he does not understand something? 6,898 (60.3) 224 (2.0)
Can this child recognise geometric shapes (e.g. triangle, circle, square)? 8,468 (74.1) 142 (1.2)
Can this child name and identify at least 3 colours? 9,231 (80.8) 172 (1.5)
Can this child sort and classify objects by common characteristics (e.g. shape, colour, size)? 7,874 (68.9) 170 (1.5)
Can this child name and recognise the symbol of all numbers from 1 to 10? 8,281 (72.4) 139(1.2)
Can this child count to 10 without any help? 8,783 (76.8) 148 (1.3)
Numeracy Can this child count to 20 without any help? 6,428 (56.2) 135(1.2)
Can this child count to 100 without any help? 2,678 (23.4) 169 (1.5)
Does this child know that a cow is taller than a dog? 9,665 (84.6) 185 (1.6)
Does this child know the order of the day (e.g., breakfast then lunch then dinner then sleep?) 8,325(72.8) 187 (1.6)
Does this child understand the concepts of yesterday, today and tomorrow? 4,917 (43.0) 185(1.6)
Does this child know that an elephant weighs more than a mouse? 8,527 (74.6) 166 (1.5)
Does the child know that the number 8 is bigger than the number 2? 6,761 (59.1) 210 (1.8)
Can this child recognise 10 Chinese characters? 4,675 (40.9) 185(1.6)
Can this child recognise 20 Chinese characters? 2,708 (23.7) 177 (1.5)
Can this child recognise 100 Chinese characters? 820(7.2) 190(1.7)
Reading Can this child hold one book in right way? 8,306 (72.7) 188 (1.6)
Can this child follow reading directions? (i.e. left to right, top to bottom) 6,406 (56.0) 174 (1.5)
Can this child read a book and turn pages by himself? 7,649 (66.9) 188 (1.6)
Can this child read simple sentences? 4,065 (35.6) 189 (1.7)
Can this child read complex sentences? 2,237 (19.6) 205 (1.8)
Can this child scribble on a page using a pen/pencil/crayon? 4,515 (39.5) 208 (1.8)
Writing Can this child write at least 3 characters? 4,342 (38.0) 199 (1.7)
Can this child write simple sentences? 1,677 (14.7) 211 (1.8)

Note. * = reverse scored items.
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Supplementary Table 3.3. Kiribati eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Domain Item Yes/Able  Missing
Does the child get sick often?* 5,883 (70.5) 419 (5.0)

Physical Is the ch%ld practicing cleanl.ir?ess and hfealthy living (clear.ls ‘hands aftqr toileting)? 6,330 (75.9) 285(3.4)
Health Is the child personally practicing cleanliness and healthy living on their own? 5,252 (63.0) 170 (2.0)
Is the child careful from being hurt (e.g. burns, drowning, falls)? 6,670 (80.0) 192 (2.3)

Does the child know the difference between good and bad food? 5,991 (71.8) 449 (5.4)

The child is able to use a sequence of words. 5,620 (67.4) 161 (1.9)

The child is able to use a simple sentence. 5,015 (60.1) 167 (2.0)

Verbal The ch@ld @s able to wait for the other person to finish speaking in a conversation, before they speak. 4,893 (58.7) 128 (1.5)
Communication The child is able to explain things in Kiribati. 5,404 (64.8) 144 (1.7)
The child is able to communicate as a mature person (talkative, enquiring). 6,345 (76.1) 118 (1.4)

The child knows their name. 7,806 (93.6) 102 (1.2)

The child knows the name of one of their parents/guardians. 7,708 (92.4) 92 (1.1)

The child is able to exhibit behaviours of affection, understanding and patience to others. 6,515 (78.1) 101 (1.2)

The child is able to identify two valuable foods in Kiribati. 5,488 (65.8) 121 (1.5)

The child is able to identify two edible plants in Kiribati. 5,743 (68.8) 160 (1.9)

Cultural The child is able to express Kiribati behaviours and traditions (giving respect to others, being humble). 5,106 (61.2) 128 (1.5)
Knowledge The child is able to exhibit behaviours of trustworthiness and commitment to do something. 5,313 (63.7) 158 (1.9)
The child is able to make good friendships. 6,515 (78.1) 140(1.7)

The child is able to join cultural and traditional way of Kiribati life (Kiribati local dance). 5,101 (61.1) 162 (1.9)

The child is able to say a short prayer. 6,631 (79.5) 145(1.7)

The child is willing to share his toys and belongings with others. 6,501 (77.9) 99 (1.2)

The child is able to keep his belongings very well. 6,179 (74.1) 112 (1.3)

The child knows how to respect older people. 4,883 (58.5) 153 (1.8)

The child knows how to respect other children. 5,346 (64.1) 157 (1.9)

The child accepts his/her responsibilities when he/she is being instructed to carry them out. 6,725 (80.6) 133 (1.6)

Social and The child welcomes the opinions of others. 6,457 (77.4) 164 (2.0)
Emotional The child does what he/she is supposed to do, or not to do. 5,446 (65.3) 157 (1.9)
The child is willing to help others. 6,089 (73.0) 153 (1.8)

The child communicates easily with other children. 6,786 (81.3) 101 (1.2)

The child frequently kicks, bites, or hits older people or children.* 3,511 (42.1) 141 (1.7)

The child can be patient long enough before receiving his/her needs. 5,760 (69.0) 130 (1.6)

The child always knows the difference between good and bad. 6,147 (73.7) 144 (1.7)

The child can follow simple instructions. 7,055 (84.6) 143 (1.7)

241



Appendix C

The child can mostly do his/her work on his own. 5,512 (66.1) 88 (1.1)
Perseverance The child always completes his/her work. 4,894 (58.7) 106 (1.3)
The child always needs to be reminded about completing what he/she was doing.* 6,369 (76.7) 137 (1.6)
The child gets bored quickly when he/she was doing his/her job/task.* 5,671 (68.0) 159 (1.9
The child prefers learning new ideas to familiar concepts. 7,293 (87.4) 118(1.4)
Approaches to The ch@ld examines hpw anew toy works. 7,157 (85.8) 124 (1.5)
Learning The child always desires learning of new concepts. 7,104 (85.2) 150 (1.8)
When the child is placed in an unfamiliar setting with a person they know, they are delighted to learn. 3,258 (39.1) 139(1.7)
The child is keen to learn new activities. 5,807 (69.6) 154 (1.8)
The child is able to see shapes such as a triangle, a circle, and a square. 6,360 (76.2) 127 (1.5)
The child is able to name and identify 3 colours or more. 5,412 (64.9) 136 (1.6)
The child is able to sort and classify objects (such as shapes, colours and sizes). 4,947 (59.3) 198 (2.4)
The child is able to pronounce and recognise numbers from 1 to 10. 4,955 (59.4) 157 (1.9)
The child is able to count up to 10. 5,851 (70.1) 166 (2.0)
Numeracy The child is able to count up to 20. 1,512 (18.1) 174 (2.1)
The child is able to count up to 100. 398 (4.8) 190 (2.3)
The child is aware that a dog is taller than a rat. 6,246 (74.9) 178 (2.1)
The child is aware of the order of time in a day (morning, then afternoon then evening). 3,007 (36.0) 182 (2.2)
The child is aware of yesterday, today and tomorrow. 2,273 (27.2) 198 (2.4)
The child is aware that a chair is heavier than a pencil. 6,203 (74.4) 174 (2.1)
The child is aware that number 8 is larger than number 2. 3,502 (42.0) 224 (2.7)
The child knows the pronunciation of three letters in the sequence of A E 1? 6,661 (79.8) 169 (2.0)
The child is able to identify 3 letters or more in the sequence of A E 1? 5,062 (60.7) 163 (2.0)
Reading The child is able to identify 10 letters or more in the sequence of AET...? 2,935 (35.2) 331 (4.0)
The child is able to properly hold the book and appropriately turn its pages in the right order? 4,201 (50.4) 194 (2.3)
The child is able to follow the right way of reading (from left to right, from top to bottom). 2,157 (25.9) 198 (2.4)
The child is able to read 4 or more familiar words. 3,304 (39.6) 206 (2.5
The child is able to draw a picture that could be recognised (persons image). 5,692 (68.2) 141 (1.7)
The child is able to copy or trace the outline of a letter over an already written letter. 5,349 (64.1) 164 (2.0)
Writing The child is able to write 3 letters or more (A E I). 4,288 (51.4) 165 (2.0)
The child is able to write his name. 2,706 (32.4) 177 (2.1)
The child is able to write simple words. 2,480 (29.7) 174 (2.1)

Note. * = reverse scored items.
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Supplementary Table 3.4. Lao PDR eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Domain Item Yes/Able Missing
Can child tell you what he/she wants? 7154 (95.5) 0(0.0)
Verbal Can child speak a few simple words or sentences to explain what happened to him/her? 6713 (89.6) 0(0.0)
Communication Can child speak many words or sentences to explain what happened to him/her? 5671 (75.7) 0(0.0)
Can child communicate well with you on any topics? 5708 (76.2) 0(0.0)
Can child tell a type of animal, at least two animals in the area? 7184 (95.9) 0(0.0)
Cultural Can ch@ld tell a food name, at least two dishe§ that are available iq the area? 6695 (89.4) 0(0.0)
Knowledge Can child tell a name of a plant/vegetable/fruit, at least two types in the area? 6760 (90.2) 0 (0.0)
Can child sing? 3976 (53.1) 0(0.0)
Can child participate in traditional events such as giving alms and seeing monks? 1937 (25.9) 0(0.0)
Is child happy to share his/her toys with others? 5874 (78.4) 0(0.0)
Does child know how to take care of his/her belongings? 4950 (66.1) 0(0.0)
Has child shown respect to elders? 1907 (25.5) 0(0.0)
Does child respect other kids? 2800 (37.4) 0(0.0)
Is child responsible for his/her own behaviour? 1844 (24.6) 0(0.0)
Does child consider other people’s feelings? 1560 (20.8) 0(0.0)
Social and Can (}hild.help other peopl‘e? 3104 (41.4) 0 (0.0)
Emotional Is child friendly to other kids? 6375 (85.1) 0(0.0)
Is child hot tempered?* 4141 (55.3) 0(0.0)
Can child understand the difference between right and wrong? 2291 (30.6) 0(0.0)
Can child respond to a simple instruction? 6376 (85.1) 0(0.0)
Is your child very clingy (i.e. does not want to leave their parent’s side)?* 6502 (86.8) 0(0.0)
Does y.our“cl,lild understand Eis’/her feeliilgs and is able to describe his/her feelings, for example 2935 (39.2) 0(0.0)
by saying “I’m happy...: or “ I’'m sad...”?
Does your child stop an activity when told to do so straight away? 6243 (83.3) 0 (0.0)
Can child do something on his/her own? 4791 (63.9) 0(0.0)
Perseverance When child is doing something, does he/she finish it? 3692 (49.3) 0(0.0)
Does child have to be told several times so that then he/she can finish what he/she is doing?* 4258 (56.8) 0(0.0)
When child is doing something, does he/she lose focus easily?* 3912 (52.5) 0(0.0)
Does child show any sign of interest to learn new things? 6550 (87.4) 0(0.0)
Approachesto  Does child try to learn how to play with new toys? 6230 (83.1) 0(0.0)
Learning Has child ever used any object to role play (using imagination) e.g. banana stem horse, sword 4832 (64.5) 0 (0.0)

fighting etc?
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hide and seek, ball throwing etc? 3362 (74.2) 0(0.0)
When the kids go somewhere with you or another household member, are they brave to survey or 4874 (65.0) 0(0.0)
ask some questions with another person?
When child is doing a particular activity, they will pay intense attention to the activity. 4862 (62.5) 0(0.0)
Does child think things out before starting a task? 2613 (34.9) 0(0.0)
Can child distinguish between a triangle, circle and rectangle? 1203 (16.1) 0(0.0)
Can child tell at least three different colours? 4345 (58.0) 0(0.0)
Can child distinguish objects based on shape, colour, and size? 2050 (27.4) 0(0.0)
Can child count from 1 to 10? 2900 (38.7) 0(0.0)
Numeracy Can child count from 1 to 20? 1320 (17.6) 0(0.0)
Does child know that a tiger is taller than a cat?' 2527 (33.7) 0(0.0)
Does child know morning, afternoon and evening? 5623 (75.0) 0(0.0)
Can child tell you if it is yesterday, today or tomorrow? 4813 (64.2) 0(0.0)
Does child know that an elephant is heavier than a pig? 1919 (25.6) 0(0.0)
Does child know that 8 is more than 2? 1043 (13.9) 0(0.0)
Can child read in the correct direction from left to right and from top to bottom (even if they can’t 1288 (17.2) 0(0.0)
read)?
Can child tell at least 3 letters of the alphabet? 2070 (27.6) 0(0.0)
Reading Can child tell at least 10 letters of the alphabet? 963 (12.9) 0(0.0)
Can child read at least 4 simple words? 376 (5.0) 0(0.0)
Can child read difficult words such as axe, buffalo? 323 (4.3) 0(0.0)
Can child read simple sentences? 314 (4.2) 0(0.0)
Can child write or draw with pencil, coloured pencils or pen? 4632 (61.8) 0(0.0)
Can child draw a picture that you can tell what it is? 993 (13.3) 0(0.0)
Writing Can child write at least three letters such as A, B, C? 1236 (16.5) 0(0.0)
Can child write his/her own name? 310 (4.1) 0(0.0)
Can child write a simple word? 239 (3.2) 0(0.0)
Can child write a simple sentence? 135 (1.8) 0(0.0)

Note. * = reverse scored items.
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Supplementary Table 3.5. Samoa eHCI items and n (%) children for whom their caregiver/teacher reported yes/able

Domain Item Yes/Able Missing
Physical Is the child frequently sick?* ' o 1076 (8.8) 0(0.0)
Health Does the child have good hygiene (e.g. always washes hands after toileting)? 9503 (78.0) 0(0.0)

Does the child know the difference between healthy and unhealthy food? 4757 (39.0) 0(0.0)
Does the child use a group of words in conversation? 6955 (57.1) 0(0.0)
Verbal Can the child talk about something that they have done? 7895 (64.8) 0(0.0)
Communication Can the child use respectful language? 4618 (37.9) 0(0.0)
Does the child always ask questions? 7980 (65.5) 0(0.0)
Does the child show respect and compassion to others? 4597 (37.7) 0(0.0)
Can the child name two Samoan foods? 4960 (40.7) 0(0.0)
Can the child give the names of two plants? 4809 (39.4) 0(0.0)
Cultural Can the child show the Samoan cultural values of humility? 5311 (43.6) 0(0.0)
Knowledge Do you believe and trust that this child can do anything that you ask them to do? 4304 (35.3) 0(0.0)
Does the child do sharing in relationships and work co-operatively with others? 4920 (40.4) 0(0.0)
Does the child participate in community cultural routines (e.g. sports and entertainment)? 5118 (42.0) 0(0.0)
Can the child say a short prayer? 7090 (58.2) 0(0.0)
Is the child happy to share toys and belongings? 7189 (59.0) 0(0.0)
Does the child take care of their own belongings? 6348 (52.1) 0(0.0)
Does the child show respect to adults? 4762 (39.1) 0(0.0)
Does the child show respect to children? 4724 (38.7) 0(0.0)
Does the child accept decision making for their actions? 5344 (43.8) 0(0.0)
Social and If you discipline the child on appropriate behaviour, do they learn or not? 5257 (43.1) 0 (0.0)
Emotional Is the child considerate of other people’s feelings? 4620 (37.9) 0(0.0)
Is the child always helpful? 7449 (61.1) 0(0.0)
Does the child have friends? 10113 (83.0) 0(0.0)
Is the child playful and undisciplined?* 9602 (78.8) 0 (0.0)
Is the child impatient?* 6111 (50.1) 0(0.0)
Does the child understand the difference between right and wrong? 5514 (45.2) 0(0.0)
Does the child follow simple commands? 8396 (68.9) 0(0.0)
Can the child perform tasks independently? 4295 (35.2) 0(0.0)
Perseverance Does the child always do tasks completely? 4216 (34.6) 0(0.0)
Is the child usually ordered to complete tasks?* 7221 (59.2) 0(0.0)
Does the child lose interest easily and give up?* 8228 (67.5) 0(0.0)
Does the child show more curiosity about something new in comparison to something familiar? 8382 (68.8) 0(0.0)
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Is the child happy to explore and investigate the function of his/her toys? 8443 (69.3) 0(0.0)
Approaches to Does the child alwgys Wan‘F to learn new thingsf?. . 8171 (67.0) 0(0.0)
Learning Whlen 12 an unfamiliar environment with a familiar person present, does the child feel free to 6839 (56.1) 0(0.0)
explore?
Is the child diligent in the tasks that you ask him/her to do? 5022 (41.2) 0(0.0)
Can the child recognise geometric shapes (e.g. triangle, circle, square)? 4259 (34.9) 0(0.0)
Can the child observe and identify three colours? 4580 (37.6) 0(0.0)
Can the child sort and classify objects in common characteristics of colours, shapes and sizes? 3466 (28.4) 0(0.0)
Can the child name and recognise the symbols of all numbers from 1-10? 5088 (41.7) 0(0.0)
Can the child count to 10? 8255 (67.7) 0(0.0)
Numeracy Can the child count to 20? 2630 (21.6) 0(0.0)
Can the child count to 100? 679 (5.6) 0(0.0)
Does the child know that a horse is taller than a dog? 5141 (42.2) 0(0.0)
Does the child know the order of the day (morning, afternoon, then evening)? 3022 (24.8) 0(0.0)
Does the child understand the concepts of yesterday, today and tomorrow? 3102 (25.4) 0 (0.0)
Does the child know that a bus weighs more than a bicycle? 4322 (35.5) 0(0.0)
Does the child know that number 8§ is bigger than number 2? 3900 (32.0) 0(0.0)
Does the child know the sounds of 3 letters of the Samoan alphabet? 6563 (53.8) 0(0.0)
Can the child identify at least 3 letters of the Samoan alphabet? 6119 (50.2) 0(0.0)
Reading Can the child identify at least 10 letters of the Samoan alphabet? 4294 (35.2) 0(0.0)
Can the child hold a book and turn the pages in the right way? 4592 (37.7) 0(0.0)
Can the child follow the right reading direction (e.g. left to right, top to bottom)? 3148 (25.8) 0(0.0)
Can the child read simple and popular words? 3296 (27.0) 0(0.0)
Can the child draw something that is identifiable (e.g. a stick person)? 5467 (44.8) 0(0.0)
Can the child copy or trace the shape of a letter? (e.g. A, E, I) 5178 (42.5) 0(0.0)
Writing Can the child write 3 letters? (e.g. A, E, I) 5028 (41.2) 0(0.0)
Can the child write their own name? 3228 (26.5) 0(0.0)
Can the child write simple words? 3334 (27.3) 0(0.0)

Note. * = reverse scored items.
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Appendix C

Domain Item Yes/Able Missing
Does this child get sick often?* 219 (39.9) 3(0.5)
Physical Is the ch@ld practicing cleanl.ir?ess and hf:althy living (clear} hands eagh time he/she uses the toilet)? 440 (80.1) 0 (0.0)
Health Is the child personally practicing cleanliness and healthy living on his own? 337 (61.4) 0 (0.0)
Is the child being careful from being hurt (burnt, drown, fall, stumble)? 427 (77.8) 3(0.5)
Does the child know the difference between good and bad food? 433 (78.9) 0(0.0)
The child is able to use a group of words. 488 (88.9) 0 (0.0)
The child is able to use a complete sentence. 346 (63.0) 0(0.0)
The child is able to wait for the other person to finish speaking, in a conversation, before he/she could 263 (47.9) 0(0.0)
Verbal speak.
Communication The child is able to interpret things in Tuvaluan. 351 (63.9) 0(0.0)
The child is able to communicate as a mature person (talkative, enquiring). 378 (68.9) 0(0.0)
The child knows his/her name. 534 (97.3) 1(0.2)
The child knows the name of one of his/her parents/guardians. 527 (96.0) 0(0.0)
The child is able to exhibit behaviours of affection, understanding and patience to others. 364 (66.3) 0 (0.0)
The child is able to identify two valuable foods in Tuvalu. 381 (69.4) 0(0.0)
The child is able to identify two edible plants in Tuvalu. 398 (72.5) 1(0.2)
Cultural The child is able to express Tuvaluan behaviours and traditions (giving respect to others, being humble). 277 (50.5) 1(0.2)
Knowledge The child is able to exhibit behaviours of loyalty and commitment to do something. 312 (56.8) 0 (0.0)
The child is able to demonstrate qualities of good friendship. 448 (81.6) 0(0.0)
The child is able to join cultural and traditional way of Tuvalu life (Tuvaluan local dance). 408 (74.3) 0(0.0)
The child is able to say a usual short prayer. 474 (86.3) 0(0.0)
The child is able to say a short prayer using own words. 232 (42.3) 0(0.0)
The child is willing to share his toys and belongings with others. 432 (78.7) 0 (0.0)
The child is able to keep his belongings very well. 377 (68.7) 0(0.0)
The child knows how to respect older people. 357 (65.0) 0(0.0)
The child knows how to respect other children. 334 (60.8) 0(0.0)
Social and The child accepts his/her responsibilities when he/she is being instructed to carry them out. 435 (79.2) 0(0.0)
Emotional The child welcomes the opinions of others. 341 (62.1) 0(0.0)
The child continually does whatever was told of him/her not to do.* 343 (62.5) 0 (0.0)
The child is willing to help others. 485 (88.3) 1(0.2)
The child gets along easily with other children. 460 (83.8) 0(0.0)
The child frequently kicks, bites, or hits older children or people.* 207 (37.7) 1(0.2)
The child can be patient long enough before receiving his/her needs. 333 (60.7) 1(0.2)
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The child always knows the difference between good and bad. 357 (65.0) 0(0.0)
The child can follow simple instructions. 519 (94.5) 0(0.0)
The child can always do his/her work on his own. 411 (74.9) 1(0.2)
Perseverance The child always completes his/her work. 318 (57.9) 1(0.2)
The child always needs to be reminded about completing what he/she was doing.* 402 (73.2) 1(0.2)
The child gets bored quickly when he/she was doing his/her job task.* 368 (67.0) 1(0.2)
The child prefers learning new ideas to familiar concepts. 499 (90.9) 1(0.2)
The child examines how a new toy works. 495 (90.2) 1(0.2)
Approaches to ~ The child always desires learning of new concepts. 495 (90.2) 1(0.2)
Learning When the child is placed in an unfamiliar setting with a person he/she knows, would he be delighted to 424 (77.2) 1(0.2)
learn?
The child always considers a school activity carefully and works on it wholeheartedly. 368 (67.0) 1(0.2)
The child is able to see shapes such as a triangle, a circle, and a square. 338 (61.6) 1(0.2)
The child is able to pronounce names, and divide 3 colours of more. 336 (61.2) 1(0.2)
The child is able to divide and arrange these items to their own parts (such as shapes, colours and sizes). 332 (60.5) 1(0.2)
The child is able to pronounce and recognise numbers from 1 to 10. 316 (57.6) 1(0.2)
The child is able to count up to 10. 498 (90.7) 1(0.2)
Numeracy The child is able to count up to 20. 224 (40.8) 1(0.2)
The child is able to count up to 100. 62 (11.3) 2(0.4)
The child is aware that the dog is taller than the mouse. 410 (74.7) 1(0.2)
The child is aware of the order of time in a day (morning, then afternoon then evening). 253 (46.1) 1(0.2)
The child is aware of yesterday, today and tomorrow. 189 (34.4) 1(0.2)
The child is aware that the chair is heavier than a pencil. 383 (69.8) 0(0.0)
The child is aware that the number 8 is larger than the number 2. 239 (43.5) 2(0.4)
The child knows the pronunciation of three letters in the sequence A E L. 399 (72.7) 1(0.2)
The child is able to identify 3 letters or more in the sequence A E 1. 347 (63.2) 1(0.2)
Reading The child is able to identify 10 letters or more in the sequence A E 1. 210 (38.3) 1(0.2)
The child is able to properly hold the book and appropriately turn its pages in the right order. 308 (56.1) 1(0.2)
The child is able to follow the right way or reading (from left to right, from top to bottom). 232 (42.3) 1(0.2)
The child is able to read 4 or more familiar words. 160 (29.1) 1(0.2)
The child is able to draw a picture that could be recognised (person's image). 439 (80.0) 1(0.2)
Can this child copy or trace the outline of a letter over an already written letter? 364 (66.3) 1(0.2)
Writing The child is able to write 3 letters or more (A, E, I). 282 (51.4) 1(0.2)
The child is able to write his name. 237 (43.2) 1(0.2)
The child is able to write simple words. 184 (33.5) 4(0.7)

Note. * =reverse scored items.

248



Supplementary Table 3.7. Factor loadings from confirmatory factor analysis in Brazil
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F1

F2

F3

F4

F5

F6

F7

F8

F9

Phys 1
Phys 2
Comm 1
Comm 2
Comm 3
Comm 4
Comm 5
Comm 6
Cult 1
Cult 2
Cult 3
Cult 4
Cult 5
Soc 1
Soc 2
Soc 3
Soc 4
Soc 5
Soc 6
Soc 7
Soc 8
Soc 9
Soc 10
Soc 11
Soc 12
Persev 1
Persev 2
Persev 3
Persev 4
Appr 1
Appr 2
Appr 3
Appr 4
Appr 5
Appr 6
Num 1
Num 2
Num 3
Num 4
Num 5
Num 6
Num 7
Num 8
Num 9
Num 10
Read 1
Read 2
Read 3
Read 4
Read 5
Read 6

0.49
0.72

0.72
0.66
0.84
0.94
0.90
0.88

0.93
0.76
0.88
0.99
0.88

0.77
0.73
0.92
0.94
0.90
0.88
0.85
0.89
0.64
0.55
0.81
0.85

0.87
0.95
0.83
0.83

0.70
0.82
0.83
0.85
0.64
1.00

0.78
0.88
0.83
0.80
0.89
0.85
0.70
0.72
0.80
0.87

0.67
0.93
0.93
0.74
0.43
0.36
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Writ 1 0.21
Writ 2 0.88
Writ 3 0.97
Writ 4 0.98
Writ 5 0.97
Writ 6 0.65

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =
Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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Supplementary Table 3.8. Factor loadings from confirmatory factor analysis in China

F10 F2 F3 F4 F5 Fo6 F7 F8 F9
Phys 1 0.12
Phys 2 0.71
Phys 3 0.64
Comm 1 0.52
Comm 2 0.86
Comm 3 0.90
Comm 4 0.74
Comm 5 0.70
Comm 6 0.78
Cult 1 0.71
Cult 2 0.79
Cult 3 0.62
Cult 4 0.79
Cult 5 0.84
Cult 6 0.84
Cult 7 0.80
Soc 1 0.67
Soc 2 0.67
Soc 3 0.79
Soc 4 0.80
Soc 5 0.74
Soc 6 0.77
Soc 7 0.59
Soc 8 0.14
Soc 9 0.04
Soc 10 0.68
Persev 1 0.82
Persev 2 0.83
Persev 3 0.05
Persev 4 0.02
Appr 1 0.65
Appr 2 0.70
Appr 3 0.73
Appr 4 0.59
Appr 5 0.80
Appr 6 0.81
Num 1 0.76
Num 2 0.79
Num 3 0.78
Num 4 0.89
Num 5 0.89
Num 6 0.90
Num 7 0.77
Num 8 0.69
Num 9 0.74
Num 10 0.76
Num 11 0.73
Num 12 0.86
Read 1 0.94
Read 2 0.88
Read 3 0.47
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Read 4
Read 5
Read 6
Read 7
Read 8
Writ 1
Writ 2
Writ 3

Appendix C

0.77
0.84
0.75
0.81
0.73

0.66
0.89
0.69

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =

Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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F1

F2

F3

F4

F5

F6

F7

F8

F9

Phys 1
Phys 2
Phys 3
Phys 4
Phys 5
Comm 1
Comm 2
Comm 3
Comm 4
Comm 5
Comm 6
Comm 7
Cult 1
Cult 2
Cult 3
Cult 4
Cult 5
Cult 6
Cult 7
Cult 8
Soc 1
Soc 2
Soc 3
Soc 4
Soc 5
Soc 6
Soc 7
Soc 8
Soc 9
Soc 10
Soc 11
Soc 12
Soc 13
Persev 1
Persev 2
Persev 3
Persev 4
Appr 1
Appr 2
Appr 3
Appr 4
Appr 5
Num 1
Num 2
Num 3
Num 4
Num 5
Num 6
Num 7
Num 8
Num 9

0.09
0.73
0.79
0.82
0.88

0.84
0.84
0.68
0.90
0.87
0.81
0.84

0.75
0.89
0.91
0.82
0.81
0.81
0.69
0.81

0.67
0.72
0.82
0.78
0.77
0.72
0.65
0.83
0.70
-0.06
0.61
0.80
0.79

0.69
0.92
-0.42
-0.24

0.84
0.84
0.82
0.48
0.91

0.88
0.88
0.83
0.82
0.79
0.59
0.44
0.85
0.74
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Num 10 0.76

Num 11 0.84

Num 12 0.80

Read 1 0.84

Read 2 0.92

Read 3 0.84

Read 4 0.76

Read 5 0.80

Read 6 0.75

Writ 1 0.90
Writ 2 0.88
Writ 3 0.94
Writ 4 0.89
Writ 5 0.87

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =
Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.

suppl
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Supplementary Table 3.10. Factor loadings from confirmatory factor analysis in Lao PDR

Appendix C

F1

F2

F3

F4

F5

F6

F7

F8

Comm 1
Comm 2
Comm 3
Comm 4
Cult 1
Cult 2
Cult 3
Cult4
Cult5
Soc 1
Soc 2
Soc 3
Soc 4
Soc 5
Soc 6
Soc 7
Soc 8
Soc 9
Soc 10
Soc 11
Soc 12
Soc 13
Soc 14
Persev 1
Persev 2
Persev 3
Persev 4
Appr 1
Appr 2
Appr 3
Appr 4
Appr 5
Appr 6
Appr 7
Num 1
Num 2
Num 3
Num 4
Num 5
Num 6
Num 7
Num 8
Num 9
Num 10
Read 1
Read 2
Read 3
Read 4
Read 5
Read 6
Writ 1

0.73
0.91
0.94
0.80

0.58
0.80
0.83
0.81
0.59

0.60
0.67
0.74
0.67
0.72
0.75
0.76
0.58
0.03
0.72
0.59
-0.25
0.63
0.43

0.97
0.88
-0.25
-0.31

0.81
0.85
0.70
0.79
0.67
0.70
0.63

0.68
0.72
0.67
0.77
0.76
0.64
0.84
0.84
0.70
0.83

0.79
0.93
0.94
0.87
0.63
0.83

0.71
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Writ 2
Writ 3
Writ 4
Writ 5
Writ 6

Appendix C

0.84
0.93
0.92
0.92
0.85

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =

Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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Supplementary Table 3.11. Factor loadings from confirmatory factor analysis in Samoa
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F1

F2

F3

F4

F5

F6

F7

F8

F9

Phys 1
Phys 2
Phys 3
Comm 1
Comm 2
Comm 3
Comm 4
Cult 1
Cult 2
Cult 3
Cult4
Cult 5
Cult6
Cult7
Cult 8
Soc 1
Soc 2
Soc 3
Soc 4
Soc 5
Soc 6
Soc 7
Soc 8
Soc 9
Soc 10
Soc 11
Soc 12
Soc 13
Persev 1
Persev 2
Persev 3
Persev 4
Appr 1
Appr 2
Appr 3
Appr 4
Appr 5
Num 1
Num 2
Num 3
Num 4
Num 5
Num 6
Num 7
Num 8
Num 9
Num 10
Num 11
Num 12
Read 1
Read 2

0.04
0.61
1.04

0.87
0.91
1.04
0.62

0.80
0.94
0.96
0.91
0.96
0.97
0.70
0.77

0.85
0.87
0.94
0.95
0.94
0.95
0.93
0.86
0.63
-0.32
-0.59
0.93
0.82

0.74
1.09
-0.38
-0.27

0.84
0.82
0.92
0.89
1.04

0.81
0.92
0.92
0.91
0.82
0.85
0.80
0.85
0.92
0.92
0.92
0.96

0.90
0.92
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Read 3
Read 4
Read 5
Read 6
Writ 1
Writ 2
Writ 3
Writ 4
Writ 5

Appendix C

0.90
0.90
0.87
0.92

0.90
0.95
0.95
0.97
0.93

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =

Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.

258



Appendix C

Supplementary Table 3.12. Factor loadings from confirmatory factor analysis in Tuvalu

F1 F2 F3 F4 F5 Fo6 F7 F8 F9
Phys 1 0.09
Phys 2 0.64
Phys 3 0.79
Phys 4 1.00
Phys 5 0.95
Comm 1 0.76
Comm 2 0.79
Comm 3 0.76
Comm 4 0.90
Comm 5 0.79
Comm 6 0.81
Comm 7 0.95
Cult 1 0.69
Cult 2 0.94
Cult 3 0.94
Cult 4 0.81
Cult 5 0.83
Cult 6 0.72
Cult 7 0.77
Cult 8 0.80
Cult9 0.75
Soc 1 0.72
Soc 2 0.83
Soc 3 0.86
Soc 4 0.79
Soc 5 0.77
Soc 6 0.79
Soc 7 -0.21
Soc 8 0.80
Soc 9 0.65
Soc 10 0.14
Soc 11 0.70
Soc 12 0.88
Soc 13 0.76
Persev 1 0.87
Persev 2 091
Persev 3 0.04
Persev 4 0.40
Appr 1 0.81
Appr 2 0.96
Appr 3 0.97
Appr 4 0.81
Appr 5 1.13
Num 1 0.90
Num 2 0.93
Num 3 0.90
Num 4 0.83
Num 5 0.87
Num 6 0.80
Num 7 0.79
Num 8 091
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Num 9 0.92

Num 10 0.84

Num 11 0.86

Num 12 091

Read 1 0.80

Read 2 0.93

Read 3 0.87

Read 4 0.81

Read 5 0.88

Read 6 0.80

Writ 1 0.74

Writ 2 0.93

Writ 3 0.99

Writ 4 0.95

Writ 5 0.81
Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =
Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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Supplementary Table 3.13. Factor loadings from confirmatory factor analysis in Lao PDR —

low maternal education

F1 F2 F3 F4 F5 F6 F7 F8

Comm 1 0.75

Comm 2 0.90

Comm 3 0.95

Comm 4 0.80

Cult 1 0.59

Cult 2 0.81

Cult 3 0.84

Cult4 0.80

Cult5 0.58

Soc 1 0.59

Soc 2 0.67

Soc 3 0.74

Soc 4 0.68

Soc 5 0.71

Soc 6 0.74

Soc 7 0.76

Soc 8 0.58

Soc 9 0.04

Soc 10 0.72

Soc 11 0.59

Soc 12 -0.26

Soc 13 0.63

Soc 14 0.49

Persev 1 0.97

Persev 2 0.88

Persev 3 -0.27

Persev 4 -0.32

Appr 1 0.82

Appr 2 0.85

Appr 3 0.72

Appr 4 0.79

Appr 5 0.69

Appr 6 0.69

Appr 7 0.64

Num 1 0.66

Num 2 0.71

Num 3 0.66

Num 4 0.76

Num 5 0.75

Num 6 0.63

Num 7 0.85

Num 8 0.85

Num 9 0.69

Num 10 0.82

Read 1 0.78
Read 2 0.92
Read 3 0.93
Read 4 0.86
Read 5 0.65
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Read 6 0.84

Writ 1 0.71
Writ 2 0.82
Writ 3 0.92
Writ 4 0.91
Writ 5 0.92
Writ 6 0.84

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =
Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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Supplementary Table 3.14. Factor loadings from confirmatory factor analysis in Lao PDR —

high maternal education

F1 F2 F3 F4 F5 Fo6 F7 F8
Comm 1 0.54
Comm 2 1.00
Comm 3 0.87
Comm 4 0.81
Cult 1 0.57
Cult 2 0.76
Cult 3 0.80
Cult4 0.86
Cult 5 0.64
Soc 1 0.57
Soc 2 0.64
Soc 3 0.69
Soc 4 0.57
Soc 5 0.74
Soc 6 0.80
Soc 7 0.75
Soc 8 0.56
Soc 9 0.08
Soc 10 0.73
Soc 11 0.60
Soc 12 -0.13
Soc 13 0.61
Soc 14 0.25
Persev 1 0.96
Persev 2 0.87
Persev 3 -0.10
Persev 4 -0.29
Appr 1 0.65
Appr 2 0.76
Appr 3 0.51
Appr 4 0.65
Appr 5 0.46
Appr 6 0.73
Appr 7 0.59
Num 1 0.71
Num 2 0.77
Num 3 0.67
Num 4 0.81
Num 5 0.76
Num 6 0.70
Num 7 0.81
Num 8 0.79
Num 9 0.76
Num 10 0.84
Read 1 0.79
Read 2 0.95
Read 3 0.94
Read 4 0.89
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Read 5 0.57

Read 6 0.80

Writ 1 0.67
Writ 2 0.89
Writ 3 0.94
Writ 4 0.94
Writ 5 0.89
Writ 6 0.86

Note. Comm = Verbal Communication, Cult = Cultural Knowledge, Soc = Social and Emotional, Persev =
Perseverance, Appr = Approaches to Learning, Num = Numeracy, Read = Reading, and Writ = Writing.
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Appendix D: Published journal article 2
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Appendix E: Supplementary materials from published journal article 2

Supplementary Table 4.1. Data collection contexts and procedures in 7 LMICs from 2013-17

Appendix E

Country context Year/s Respondent/s Method Data collection purpose Sample
Occupies a large area on the eastern Children from one
Brazil coast of South America. In 2017, 2015 Preschool Penand Adaptation of the eHCI for the city in Southwest
population was approx. 209000 and teachers paper Brazilian context '’ BrZzil
GNI was USD8600 per capita.
In East Asia, the world’s most . Preschool . .. . , Children from two
. populous country. In 2017, population Penand Evaluate inequality in children’s .
China was a 14 billi JGNI 2015/16  teachers and lati 105 provinces across
pprox. 1.4 billion an was caregivers paper outcomes across population groups Northern China
USD8690 per capita. &
Comprised of 33 coral atolls and isles . . . Population; aimed to
L in the Central Pacific. In 2017, Preschool National baseline (?f Chﬂd. collect data for all
Kiribati . 2017 teachers and  Tablet development to guide policy and .
population was approx. 116000 and ) 106 children aged 3-5
GNI was USD3010 per capita. caregivers programs years nationally
OAflzI;;l;o;Jrll(ZC(l) lc ;)un:)ryullz tti};fl ivo;theast Baseline data for an RCT designed to  Children from five
Lao PDR approx' 6.9 mﬂli’OII)l 5 nd GNI was 2015/16  Caregivers Tablet support children’s early development provinces across
. 6. 102
USD2270 per capita. Northern Lao PDR
Comprised of 2 main islands in the . . . Population; aimed to
Samoa South Pacific. In 2017, population was 2016 feraecsl::g.soind Tablet ?e%i?gglrifte‘:;ngu?flglg:cl)(liicy and collect data for all
approx. 196000 al}d GNI was caregivers programs ' children gged 3-5
USDA4090 per capita. years nationally
An archipelago of more than 170 Preschool Population; aimed to
Tonea South Pacific islands (36 inhabited). In 2013/14  teachers and Pen and Baseline data for an RCT designed to  collect data for all
& 2017, population was approx. 108000 caregivers paper support children’s school readiness *  children aged 3-5
and GNI was USD4010 per capita. & years nationally
An island country in the South Pacific, . . . Population; aimed to
comprising 9 small islands. In 2017, Preschool Pen and National baseline qf Chﬂd. collect data for all
Tuvalu . 2015 teachers and development to guide policy and .
population was approx. 11000 and ) paper " children aged 3-5
caregivers programs

GNI was USD4970 per capita.

years nationally

Note. GNI=Gross National Income. RCT=Randomised Control Trial. Population and Gross National Income figures sourced from World Bank (28).
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Supplementary Table 4.2. Direct assessment items concurrent to the eHCI in Lao PDR (n =

7493, 2015/16)

Domain

Aspects of development

Number of items

Early literacy

Familiarity with print
Sound discrimination
Sound identification
Letter name knowledge
Listening comprehension
Name writing

(=]

Early numeracy

Measurement vocabulary
Shape naming

Spatial vocabulary
Verbal counting

Number identification
Producing a set

Addition with two sets
Spatial visualisation

H_ug_.p.p.pHMwaw
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Supplementary Table 4.3. Means and standard deviations of eHCI domain scores by age (years) in 7 LMICs

Appendix E

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Brazil

2 57 .92 (.18) .83 (.20) .83 (.18) .86 (.17) 74 (31) .88 (.19) 40 (.27) 15 (.15) .23 (.09)

3 571 94 (.14) 89 (.18)  .85(.17) .88 (.19) 74 (.32) 92 (.17) 41 (.24) 20 (.17) 28 (.17)

4 760 94 (.14) 92 (.16) 90 (.17) .90 (.18) 77 (.32) 93 (.16) .56 (.27) .32 (.20) .61 (.23)

5 420 95 (.13) 93(14)  93(14 .88 (.20) 7 (33) 92 (.17) 71 (.26) 45 (21) T8 ((17)
China

2 54 73 (.26) 76 (25) .70 (.30) .62 (.27) 45 (.33) 73 (:27) 37 (.23) 25 (.23) 17 (24)

3 3,396 71(.27) J7(26)  .65(.33) .58 (.26) 41 (31) 74 (.29) 40 (.25) .26 (.25) 12 (.21)

4 3,329 .76 (.26) J7(23) .67 (.30) .59 (24) 37 (31) .78 (.24) .66 (.23) 33 (.23) 22 (.29)

5 3,360 .82 (.24) .86 (\19) .79 (.25) 68 (.21) 41 (.30) .86 (.20) .85 (.16) .54 (.23) 50 (.31)

6 1,226 .84 (.24) 90 (.18) .86 (.21 74 (.19) 49 (.26) .90 (.18) .89 (.15) .66 (.24) .60 (.31)
Kiribati

2 948 .54 (.30) .60 (.30) .53 (.33) .62 (.27) 40 (.25) .66 (.29) 31(.27) 32(.29) 24 (31)

3 2,185 .61 (.28) 70(27) .64 (31 .69 (.25) 42 (.25) T1(.27) 42 (.26) 40 (31) 34 (32)

4 2,136 .69 (.25) 78 (24)  .75(.28) .76 (.23) 45 (.26) .76 ((24) .58(.23) 55 (.31) .57 (.34)

5 2,013 74 (22) .84 (22)  .83(24) .81 (.20) 49 (.26) 81 (.21) .66 (.22) .64 (.30) 72 (.30)

6 173 73 (.23) 83 (23)  .84(.25 .82 (22) 51.(.25) .79 (:24) .66 (.24) .63 (.30) 71(31)
Lao PDR

2 1,410 70(32) .58 (.25) 37 (.18) 42 (.25) .55 (.30) .19 (.20) .04 (.11) .09 (.11)

3 1,749 85(24)  .69(.20) 45 (.19) 49 (.27) .65 (.28) 31(.21) .09 (.17) 12 (.13)

4 1,867 .89 (22)  75(.18) S1(.19) .52 (.26) 73 (.24) 42 (.23) A5 (21) A8 (17)

5 1,599 91(20) .79 (.17) .57 (.20) .58 (.24) .76 (.24) .54 (.25) 25 (.27) .28 (.25)

6 16 - - - - - - - -
Samoa

2 1,159 .62 (.25) 44 (37 31(33) 41 (.26) .32 (.26) S1(.38) 22 (.29) 27 (.33) .24 (.35)

3 4,377 .67 (.26) S50(.38) 37(.35) 45 (.27) 32 (.27) .57 (.38) .26 (.30) 31 (.35) 29 (.37)

4 4,616 T2 (.27) 62 (.36)  48(.37) .54 (.28) .38 (.30) .65 (.37) 39 (.34) 45 (.38) 43 (40)

5 2,039 73 (27) .63 (.36) .48 (.38) .54 (.28) 40 (.29) .64 (37) 40 (.33) 46 (.37) 45 (.40)
Tonga

2 13 - - - - - - - - -

3 1,609 .64 (.28) 78 (.26) .58 (.29) .65 (.17) .39 (.25) .62 (.35) 27 (.23) .25 (.26) .12 (.20)
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4 2,058 72 (27) 84(22)  .67(27) 69 (.16) 45 (.25) 71 (.33) 43 (.26) 39(31)  .28(28)
2,038 79 (.24) 89(.19)  .75(24) 72 (.15) 49 (.24) 77 (.30) 67 (.25) 64(32)  .58(32)

(V)]

6 443 .84 (21) 91 (.18) 18 ((24) 74 (\14) .50 (.23) .82 (.27) 18 ((24) 79 (29) 77 (30)
Tuvalu

2 1 - - - - - - - - -

3 163 .59 (.32) .62 (.26) 49 (.32) .57 (28) 40 (.31) 78 (.29) 31(.27) .26 (.28) 28 (.28)

4 180 71 (.25) 75 (.24) .68 (.26) 72 (21) 46 (.32) .83 (.21) .52 (.27) .50 (.32) 51(.33)

5

195 .83 (.21) .86 (.17) .80 (.20) 78 (.18) .56 (.28) .88 (.25) 76 (.22) .70 (.29) .81 (.26)
6 7 - - - - - - - - -
Note: Cells where n < 20 have been omitted. The Lao PDR version of the eHCI does not include a Physical Health domain. Phys=Physical Health, Comm=Verbal
Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading, and
Writ=Writing.
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Supplementary Table 4.4 Means and standard deviations of eHCI domain scores by sex in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Brazil
Female 855 .95 (.13) 94 (.14)  90(.14) 92 (.15) .83 (.27) .93 (.16) .56 (.29) 32(.22) .55 (.27)
Male 853 94 (.14) 89 (.18)  .87(.19) .86 (21) .69 (.35) 92 (.16) .52 (.28) 28 (21) 51(.28)
China
Female 5,338 .78 (.26) 82 (22) .74 (.29) .64 (.24) 42 (.30) .81 (.24) .68 (.28) 42 (.28) 32(.33)
Male 5,587 77 (.26) 81(23) .71(30) .62 (24) 40 (.30) .80 (.25) .66 (.29) 40 (.28) 31(33)
Kiribati
Female 3,915 .67 (:27) J76(27) 72 (31) 74 (24) 47 (.26) .76 (.26) 53 (.27) 52 (.32) .52 (.37)
Male 4,269 .64 (.27) J3(27) 703D 72 (25) 43 (.26) 74 (.26) .50 (.28) 48 (33) 49 (36)
Lao PDR
Female 3,669 - 84(25) 71(22) 50 (.21) .52 (.26) .66 (.28) .37 (.26) 14 (22) .18 (.20)
Male 3,824 - 84 (26) .70 (.21 47 (20) .50 (.26) .69 (.27) .37 (.26) 12 (22) 16 (.18)
Samoa
Female 5,898 70 (.27) S7(38) 43(37) .50 (.28) .36 (.28) .61 (.38) .34 (.33) 39 (37) .37 (40)
Male 6,293 .69 (.26) 56 (.38)  .41(.37) 49 (.28) .35 (.28) .60 (.38) .33 (.33) 37 (.37) .36 (.39)
Tonga
Female 2,967 .75 (.26) 86(.22) .69 (.27) .70 (.16) 47 (.25) 72 (.33) .51 (.30) 49 (.35) 40 (.35)
Male 3,247 71.(.27) 84 (23)  .67(28) .68 (.16) 44 (.25) 71 (.33) 47 (.30) 44 (.35) 35 (.34)
Tuvalu
Female 277 .76 (.25) 78(.23)  .71(.29) 75 (.21) .53 (:30) .85 (.25) .58 (.31) .56 (.34) .60 (.36)
Male 272 .67 (:29) J2(26)  .62(.29) .65 (.25) 43 (31) .81 (.26) 51(.32) 45 (35) .50 (.36)

Note: The Lao PDR version of the eHCI does not include a Physical Health domain. Phys=Physical Health, Comm=Verbal Communication, Cult=Cultural Knowledge,

Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading, and Writ=Writing.
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Supplementary Table 4.5. Means and standard deviations of eHCI domain scores by stunting status (yes/no) in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

China

Yes 1,602 .78 (.25) 76 (23) .69 (31) .61 (.24) 40 (.28) 77 (.26) .62 (.29) 38 (.28) 30 (.34)

No 8,477 .76 (.26) 82(22) .72(.29) .63 (24) 40 (.30) .81 (.24) .67 (.28) 41 (.28) 31(33)
Kiribati

Yes 1,935 .63 (.28) 70 (29) .67 (31) 71 (.25) 44 (.25) 72 (.27) 46 (.28) 45 (.32) 43 (.36)

No 5,003 .67 (.26) J7(26) .73 (30) 75 (24) 45 (.26) .76 (.25) 55 (.27) 53 (32) .54 (36)
Lao PDR

Yes 3,652 - 83 (26) .70 (.22) 47 (.20) .50 (.26) .67 (.28) .35 (.26) 12 (.20) 16 (17)

No 2,989 - 85(25)  .72(21) 49 (21) .52 (.26) .69 (.27) 40 (.26) 16 (.23) .19 (:20)
Samoa

Yes 2,332 .63 (.29) 49 (38)  .39(.38) 45 (.27) .39 (.29) S51.(.37) .28 (.30) 32(.35) 32.(.37)

No 9,859 71 (.26) S8(37) 43 (37) .50 (.28) .35 (.26) .63 (.39) .34 (.33) 40 (37) .38 (.40)
Tonga

Yes 374 72 (.28) .83 (.25)  .65(.30) .69 (.18) .50 (.24) .67 (.36) 49 (.35) 46 (.38) 35(.37)

No 5,749 73 (:27) 85(22) .68(27) .69 (.16) 45 (.25) 72 (.32) 49 (.30) 47 (35) 37(35)
Tuvalu

Yes 132 .67 (.30) 70(27) .62(.31) .69 (.26) A7 (33) .76 (.29) .50 (.35) 43 (.36) 44 (.38)

No 319 73 (:27) 76(23) .67(27) .70 (:23) S1.(31) .85 (.24) .57 (.30) 53 (34 .58 (.36)

Note: Children’s height and weight were not collected in Brazil. The Lao PDR version of the eHCI does not include a Physical Health domain. Phys=Physical Health,
Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading,

and Writ=Writing.
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Supplementary Table 4.6. Means and standard deviations of eHCI domain scores by preschool attendance (yes/no) in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

China

Yes 9,159 .79 (.25) 83 (21) .76 (.27) .65 (.23) 42 (.30) .84 (.21) 75 (.23) AT (27) 37 (.34)

No 2,176 .68 (:29) 70(28)  .56(.33) .52 (.26) .35 (.30) .66 (.31) 31(.22) 16 (18) .07 (.16)
Kiribati

Yes 7,665 .66 (.27) 75(26) .72(.30) 75 (.24) 45 (.26) 7 (.23) 53(.27) S51(.32) .52 (.36)

No 674 .57 (33) 64 (34)  .52(36) 57(30) .38 (.24) S1.(.37) .36 (:29) 34 (33) 35 (.35)
Lao PDR

Yes 1,738 - 89 (.21) .79 (.18) .56 (.20) .56 (.27) 73 (.23) .50 (.26) .26 (.26) 27 (22)

No 5,755 - 83 (27) .68 (.22) 46 (.20) 49 (.26) .66 (.29) 33 (.25) .09 (.18) 14 (.16)
Samoa

Yes 4,657 .80 (.25) 70 (34) .60 (.35) .63 (.26) .36 (.32) 7 (31) .52 (.32) .58 (.35) .60 (.38)

No 7,534 .63 (.25) A8 (37)  31(.33) 41 (.26) .35 (.26) .50 (.38) 21 (.27) .26 (33) 22 (33)
Tonga

Yes 2,701 78 (.25) 85(22)  .72(.26) 72 (.15) 46 (.26) .76 (.30) .60 (.28) .56 (.34) A48 (.33)

No 3,513 .69 (.28) .84 (23)  .65(.28) 68 (.17) 44 (24) .68 (.34) 41 (.30) 39(34) 29 (34)
Tuvalu

Yes 498 71 (.28) 76 (25) .66 (.30) .69 (.25) 49 (31) .83 (.25) .55 (.32) 51(.35) .56 (.36)

No 51 .81 (.20) J1(23) 7521 76 (\14) 44 (.28) .86 (.21) .50 (.30) 48 (29) 44 (37)

Note: Results are not presented for Brazil as 100% of the sample were attending preschool. The Lao PDR version of the eHCI does not include a Physical Health domain.
Phys=Physical Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning,
Num=Numeracy, Read=Reading, and Writ=Writing.
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Supplementary Table 4.7. Means and standard deviations of eHCI domain scores by maternal education in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

China
No school 307 .80 (.23) .83(.23) .79 (.26) .69 (.24) 46 (.31) .83 (.22) .51 (.29) .35(.25) 23 (.28)
Started Primary 1,242 12 (.26) .80 (.22) .70 (.29) .61 (.24) 41 (.31) 78 (.24) .59 (.29) 40 (.28) 31 (.39)
Finished Primary 3,372 18 (.25) 81(.23)  .77(.28) .66 (.23) 45 (.31) .82 (.23) .66 (.29) 42 (.27) .30 (.32)
Started Secondary 3,563 76 (.27) .80 (.24) .67 (.31) .60 (.24) 38 (.31) 77 (.27) .66 (.29) .38 (.27) .30 (.32)
Finished Secondary 1,358 18 (.27) 82(.22) .71(.30) .61 (.24) .36 (.28) .82 (.23) 13 (.36) 43 (.29) 33 (.39)
Tertiary 751 .80 (.26) 85(.19)  .75(.29) .62 (.24) .38 (.28) .83 (.20) 13 (.24) 43 (.28) .30 (.32)

Kiribati
Started Primary 714 .62 (.27) 70 (29) .68 (.32) .70 (.27) 44 (.24) 72 (.28) 48 (.29) A7 (.34) 47 (.37)
Finished Primary 1,438 .64 (.27) 72 (128) .68 (.33) .72 (.26) 45 (.24) 72 (.27) 49 (.28) 46 (.33) 48 (.37)
Started Secondary 2,319 .66 (.28) 76 (27) .71 (.30) 73 (.24) 45 (.26) .74 (.26) .52 (.27) 51(.32) 51(.36)
Finished Secondary 2,710 .66 (.27) JI5(27) .72 (.30) 74 (.24) 44 (.26) .76 (.25) .53 (.28) 51(.32) S1.(.37)
Tertiary 785 .69 (.25) J7(25) 74 (.28) .76 (.23) 47 (.26) .79 (22) .54 (.26) .52 (.33) .51 (.36)
Lao PDR

No school 2,265 - 83(27) .67(22)  A45(20)  49(26)  .63(30)  32(24)  .08(17)  .13(.15)
Started Primary 2,045 - 83(26) .69(22)  48(20)  .51(26)  .65(28)  .36(25)  .12(20)  .15(.18)
Finished Primary 2,182 - 85(25) 73(21)  .50(21)  .52(26)  .70(26)  .40(27)  .16(23)  .19(.20)
Finished Secondary 754 - 86(24) 75(20)  .52(20)  .52(26)  .75(21)  .42(28)  21(25)  .23(21)
Tertiary 242 - 89(21) 81(18)  .52(21)  .55(27)  .79(28)  .46(30)  .26(28)  .31(.27)

Samoa
Finished Primary 222 .57 (.33) 55(.36) .38 (.35) 46 (.26) .33 (.25) .57 (.38) 37 (.34) .36 (.40) 41 (.39)
Started Secondary 603 .63 (.26) .56 ((36) .33 (.30) 43 (.26) 25 (.29) .54 (.34) 22 (.25) 27 ((31) 26 (.34)
Finished Secondary 10,037 .69 (.26) .56 ((38) .41 (.37) 49 (.28) .36 (.28) .60 (.38) 32 (.32) .37 (.37) 35 (.39)
Tertiary 1,329 15 (.25) 59 (.38) .54 (.36) .58 (.27) .37 (.30) .67 (37) 47 (.33) .52 (.37) 49 (40)

Tonga
Finished Primary 81 .60 (.29) 81 (.28) .62 (.30) .61 (.20) 42 (.25) .62 (.38) 41 (.33) 37 (.34) .30 (.36)
Started Secondary 2,399 .69 (.28) .83(.23) .64 (.28) .67 (.117) 43 (.25) .67 (.34) 44 (.30) 41 (.34) 33 (.34)
Finished Secondary 2,621 .74 (.26) 85(.22) .70 (.27) .70 (.16) 46 (.24) 73 (:32) .52 (.30) .50 (.35) .39 (.39)
Tertiary 1,107 .79 (.24) 87(22) .74 (27) 72 (.15) A48 (.26) .78 (.30) .56 (31 .52 (.35) 43 (:35)

Tuvalu
Finished Primary 47 76 ((126) .78 (.26) 71 (.30) 72 (22) 47 (27 .89 (.23) .63 (.30) 55034 .63 (34
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Started Secondary 89 70 ((L26) .73 (.25) .64 (.31) .68 (.25) 41 (.28) .79 (.29) .54 (.32) .50 (.35) .53 (.36)
Finished Secondary 107 73 (.28) .77 (.23) .67 (.29) .69 (.23) .50 (.32) .82 (.26) .55 (.29) S1(.34) .59 (.37)
Tertiary 117 J3(27)  77(.23) .65 (31) .67 (.26) .50 (L33) .85 (.24 .58 (.33) .54 (.35) .59 (.37)
Note: Children’s maternal education data were not collected in Brazil. The Lao PDR version of the eHCI does not include a Physical Health domain. Phys=Physical Health,
Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading,
and Writ=Writing.
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Supplementary Table 4.8. Means and standard deviations of eHCI domain scores by engagement in home learning activities (yes/no) in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Kiribati
Readto Yes 3,930 .69 (.26) .78 (.26) .76 (.29) 76 ((23) 48 (.26) 78 (.23) .56 (.27) 55(32) .55(.36)
No 4,403 .63 (.28) 71 (.28) .66 (.32) .70 (.26) 42 (.25) T1(.27) A7 (.28) 45(32)  46(37)
Tell story Yes 5,886 .66 (.27) 7 (.26) .72 (.30) 75 (.24) 45 (.26) 17 (24) .54 (.27) S51(.32)  .52(.36)
No 2,447 .63 (.28) .69 (.29) .67 (.32) .70 (.26) 45 (.25) .70 (.30) 47 (.29) 46 (33) .46 (.37)
Sing/dance Yes 4,964 .67 (.27) .76 (.26) 73 (:29) 75 (.24) 45 (.26) 77 (24) .53 (.27) 50(.32)  .50(.37)
No 3,369 .64 (.28) 71 (.29) .67 (.32) 71 (.26) 44 (.25) 71 (.28) .50 (.28) 49 (.33)  .50(.37)
Play Yes 4,774 .66 (.27) 77 (.26) .72 (.30) 74 ((24) 45 (.26) 77 (.24) 53 (.27) S50(32) .50 (.37)
No 3,559 .64 (.28) 71 (.28) .68 (.32) 71 (.26) 44 (.25) 72 (.28) .50 (.28) 49 (33)  .50(.37)
Go outside Yes 3,455 .68 (.27) .78 (.26) 75 (.29) .76 (.24) 47 (.26) 78 (.23) .55 (.27) 53(.32)  .53(.36)
No 4,878 .64 (.28) 72 (.28) .68 (.32) 71 (.25) 43 (.26) 72 (.27) 49 (.28) A48(33) .48 (.37)
Name, count, draw  Yes 3,380 .69 (.25) 79 (24) .76 (.28) 7 (.23) A7 (.26) 79 (.22) .57 (.26) S54(31) .54 (.36)
No 4,953 .63 (.28) 71 (.28) .67 (.32) .70 (.26) 43 (.25) 71 (.28) 48 (.28) 47 (33) 47(37)
Books in home Yes 3,948 71 (.24) .80 (.24) .80 (.26) .80 (.21) A48 (.25) .82 (.20) .60 (.25) .61 (.31) .60 (.35)
No 4,124 .60 (.29) .69 (:29) .62 (.33) .67 (27) 41 (.26) .68 (.29) 43 (.27) 39(30) .40 (.35)
Lao PDR
Readto Yes 2,149 .87 (.23) 7 (17) .56 (.19) .54 (.25) 75 (22) .50 (.26) 25(.26) .25(.22)
No 5,344 .83 (.27) .68 (.22) 45 (.20) .50 (.27) .64 (.29) 32 (.24) 09 (17) .14 (.16)
Tell story Yes 1,903 .88 (.22) 77 (.18) 55 (.19) .55 (.25) 75 (.22) 49 (.27) 22 (.26) .24(23)
No 5,590 .83 (.27) .69 (.22) 46 (.20) .50 (.26) .65 (.29) 33 (.25) 10 (19) 14 (.17)
Sing/dance  Yes 2,215 .85 (.24) .76 (.19) .55 (.19) .54 (.26) 75 (.22) AT (27) 22(.26) .23(.22)
No 5,278 .84 (.26) .69 (.22) 45 (.20) .50 (.26) .64 (.29) 33 (.25) 09 (.18) .14 (.16)
Play Yes 1,341 .81 (.26) 74 (.21) .56 (.20) .56 (.25) 74 (22) 45 (.26) 21(.26) .24 (.21)
No 6,152 .85 (.26) .70 (.21) A7 (.20) .50 (.26) .66 (.28) .35 (.26) 12 (20)  15(.18)
Go outside Yes 1,775 .83 (.25) 71 (.20) .52 (.20) .50 (.28) 73 (24) 42 (.25) 16 (.23)  21(.19)
No 5,718 .85 (.26) 71 (.22) 47 (.20) .52 (.26) .66 (.28) .36 (.26) A2(21)  (15(.18)
Name, count, draw  Yes 2,280 .87 (.22) 7 (.18) 57 (.19) .54 (.26) 76 (21) 49 (.26) 24 (26) .26 (.23)
No 5213 .83 (.27) .68 ((122) 45 (.20) .50 (.26) .63 (.29) 32 (.24) 08 (17) .13 (.15)
Samoa
Readto Yes 2424 76 (25) .68 (.34) .53 (.37) .59 (.27) .39 (.29) 7 (31) .39 (.33) A7 (37) 48(43)
No 6,297 .60 (.25) .44 (37) 28 (.32) 38 (.24) .34 (.25) 45 (37) .20 (.25) 23(31)  .20(.30)
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Tell story Yes 2,856 75 (.25) .67 (.34) 51(.36) 57 (.27) 38 (.29) 74 (32) 37 (.32) 43 (37) 43(43)
No 5,865 .59 (.25) 43 (37) 27 (.32) 37 (.24) .34 (.25) 43 (37) .19 (.25) 23(31)  .20(.30)
Sing/dance  Yes 5,043 .68 (.25) .57 (.36) 38 (.35) A48 (.27) .32 (.28) .63 (.36) .28 (.29) 34(35)  31(39)
No 3,678 .59 (.26) 42 (.38) 31 (.35) 38 (.25) 40 (.24) 40 (.38) 21 (.28) 24 (33) .22(.33)
Play Yes 4,800 .69 (.25) .59 (.36) 40 (.35) 49 (.27) 32(.29) .65 (.35) .29 (.30) 36(.35)  .33(39)
No 3,921 .59 (.26) 40 (.38) .29 (.34) 37 (.25) 40 (.23) .39 (.37) 20 (.27) 22 (.32)  .21(.32)
Go outside  Yes 4,722 .69 (.25) .56 (.37) 37 (.36) A7 (.27) 32 (.27) .63 (.36) 27 (.30) 34(35)  31(39)
No 3,999 .60 (.27) 44 (.38) 33 (.34) 40 (.26) .39 (.25) 43 (.38) 22 (.28) 25(33) .23(.33)
Name, count, draw  Yes 2,720 75 (.25) .68 (.34) .50 (.38) .57 (.28) .39 (.28) 75 (.32) .38 (.33) 46 (.38) .48 (42)
No 6,001 .60 (.25) 43 (37) 28 (.32) 38 (.24) .33 (.26) 44 (37) .19 (.25) 22.(30)  .19(.30)
Books in home Yes 6,253 7 (.25) .70 (.33) .59 (.35) .63 (.25) .38 (.30) .74 (.33) 49 (.34) .60 (.34) .57(39)
No 5,938 .61 (.26) 42 (37) 25 (31 35(.24) .34 (.26) 46 (37) 17 (21) A5(23) 15(.26)
Tonga
Readto Yes 3,566 7 (.25) .89 (.19) 73 (.25) 72 (.15) 47 (.25) .76 (.30) .55 (.29) S53(34)  44(35)
No 1,944 .63 (.28) .79 (.26) .58 (.29) .64 (.18) 40 (.24) .60 (.36) .33 (.26) 30 (.30) .20 (.28)
Tell story Yes 3,836 .76 (.26) .88 (.19) 73 (.25) J1(.15) 47 (.24) .76 (.30) .53 (.30) S1(35) 4235
No 1,676 .63 (.28) 78 (.27) 57(.29) .64 (.18) 41 (.25) .58 (.36) 33 (.27) 30(30)  .22(.29)
Sing/dance  Yes 5,025 .74 (.26) .87 (.20) .70 (.26) .70 (.16) 45 (.25) 73 (.32) 49 (.30) A7(34) 37(35)
No 489 .57 (.28) .69 (.32) 46 (.30) S57(.21) 41 (.25) .50 (.37) .28 (.29) 24 (31)  .20(.30)
Play Yes 5,180 73 (:27) .86 (.21) .69 (.26) .70 (.16) 45 (.25) 72 (32) 48 (.30) 46 (35) 37(35)
No 335 .56 (.27) .70 (.33) 49 (32) 57(.21) 42 (.23) 49 (.38) 29 (.29) 24 (30) .20 (.30)
Go outside Yes 5,174 73 (.27) .86 (.21) .69 (.26) .70 (.16) 45 (.25) 72 (.32) 48 (.30) 46 (.35) 37(.35)
No 340 .58 (.28) .68 (.34) 47 (32) S7(.21) 43 (.24) 45 (.38) .29 (.28) 24 (30)  .18(.29)
Name, count, draw  Yes 3,152 79 (24) 91 (.16) 7 (23) 73 (.14) A48 (.24) .79 (:29) .59 (.28) S58(.34) 48(.35)
No 2,361 .63 (.28) 7 (.26) .56 (.28) .63 (.18) 41 (.25) .60 (.35) 31 (.25) 28(.28)  .19(.27)
Books in home Yes 4,129 .78 (:24) .89 (.19) 74 (24) 72 (.14) A48 (.25) .78 (.28) .58 (.29) S58(.33) 46 (.35)
No 2,074 .62 (.28) JT7(27) 57(29) .63 (.18) .39 (.25) 58 (.37) 31 (.26) 24 (26) .20(.28)
Tuvalu
Readto Yes 297 .74 (.26) 78 (.24) .68 (.30) .70 (.24) 49 (.31) .85 (.25) .59 (:32) .56).36) .61 (.36)
No 88 .67 (31) .74 (.26) .60 (.32) .64 (.28) 49 (.31) .79 (.28) .50 (.32) A45(.35)  .53(.36)
Tell story  Yes 337 73 (:27) 78 (.24) .68 (.30) .70 (.24) 49 (.31) .86 (.25) .59 (.32) 55(35)  .61(.36)
No 47 .63 (.27) .67 (.30) 51 (.32) .60 (.28) .52 (.32) .72 (.30) 45 (.32) 39(.35) .46 (.38)
Sing/dance  Yes 353 72 (.27) 17 (.24) .67 (.31) .69 (.25) A48 (.31) .85 (.25) .58(.32) 54 (36) .60 (.36)
No 31 75 (24) 71 (.32) 57 (31) .64 (.28) .59 (.25) 72 (31) 51(.33) 43 (35)  .52(39)
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Play Yes 359 72(27)  77(25) .67(31)  .69(25)  48(31) .84(26) .58(32) .54(36) .60(.36)

No 25 71(28)  .70(29)  .56(.32)  .64(29)  .65(25) .84(20) .50(32)  .46(35) .50(.40)

Gooutside Yes 338 72(27)  77(25) .68(31)  .69(25) .49(32) .85(26) .58(33) .54(36) .61(.36)

No 46 72(25) 74(24)  55(31)  .65(25)  .49(28) .77(23) .50(30)  .45(34) .47(37)

Name, count, draw ~ Yes 309 72(27)  78(25) .68(31)  .71(24)  49(31)  .85(26) .59(32)  .55(36) .62(.36)
No 74 72(27)  73(26)  .59(.32)  .60(26)  .48(33) .81(25) .51(33)  .46(36) .47(.36)

Notes: Home learning environment data were not collected in Brazil and China. The Lao PDR version of the eHCI does not include a Physical Health domain. Phys=Physical
Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy,

Read=Reading, and Writ=Writing.
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Supplementary Table 4.9. Discriminant validity: linear regression of eHCI domain scores on demographic and contextual variables in 7 LMICs

Phys Comm Cult Soc Persev Appr Num Read Writ
Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Brazil
Sex -.01 (-.02 t0 .01) -.04 (-.06 to -.03) -.03 (-.04 to -.01) -.07 (-.08 to -.05) - 13 (-.16 to -.11) -.01 (-.03 to .00) -.04 (-.07 to -.02) -.04 (.06 to -.02) -.04 (.06 to -.01)
Age (years) .00 (.00 to .01) .03 (.02 to .04) .04 (.03 to .05) .00 (-.01 t0 .01) .01 (-.01 t0 .03) .01 (.01 to .02) .14 (.12 t0 .16) 12 (11 t0.13) .24 (.22 t0 .25)
China
Sex .01 (.00 to .02) .01 (.00 to .02) .02 (.01 to .03) .02 (.01 to .03) .02 (.01 to .03) .01 (.00 to .02) 02 (.01 to .03) 02 (.01 to .03) .01 (.00 to .02)
Age (years) .05 (.04 to .05) .05 (.04 to .05) .07 (.07 to .08) .05 (.05 to .06) .02 (.01 to .03) .06 (.05 to .06) .18 (.18 t0 .19) 14 (.13 to .14) 18 (.17 to .18)
Stunted .02 (.00 to .03) -.05 (-.06 to -.04) -.04 (-.05 to -.02) -.01 (-.03 t0 .00) .00 (-.02 to .02) -.04 (-.05 to -.03) -.06 (-.07 to -.04) -.03 (-.05 t0 -.02) -.02 (-.03 to .00)
Preschool 11 (10to0.12) 13 (12 to .14) 19 (18to .21) 14 (13 to .15) .07 (.05 to .08) 17 (1610 .19) 44 (43 to .45) .31 (.30 to .32) .30 (.28 t0 .31)
Maternal education .01 (.01 to .01) .01 (.00 to .01) -.01 (-.02 to -.01) -.01 (-.02 to -.01) -.02 (-.03 to -.02) .00 (.00 to .01) .04 (.03 to .04) .01 (.00 to .01) .01 (.00 to .01)
Kiribati
Sex .03 (.02 to .04) .04 (.02 to .05) .02 (.01 to .04) .02 (.01 to .04) .04 (.03 to .05) .02 (.01 to .03) .03 (.02 to .04) .04 (.02 to .05) .03 (.02 to .05)
Age (years) .06 (.06 to .07) .07 (.07 to .08) .10 (.09 to .10) .06 (.06 to .07) .03 (.02 to .04) .05 (.04 to .05) 12 (11 to0.12) 11 (.10 to .11) .16 (.16 to .17)
Stunted  -.04 (-.06 to -.03) -.07 (-.08 to -.05) -.06 (-.07 to -.04) -.04 (-.05 to -.02) -.01 (-.02 to .01) -.03 (-.05 to -.02) -.09 (-.10 to -.07) .08 (-.09 to -.06) -.11 (-.13 to -.09)
Preschool .09 (.07 to.11) 11 (.09 to .13) .20 (.18 to .22) .18 (.16 to .20) .08 (.06 to .10) .26 (.24 to .28) 17 (14 t0 .19) 17 (15 to .20) 17 (14 to .20)
Maternal education .02 (.01 to .02) .02 (.01 to .02) .02 (.01 to .02) .01 (.01 to .02) .00 (.00 to .01) .02 (.01 to .02) .02 (.01 to .02) .02 (.01 to .02) .01 (.01 to .02)
Read to .06 (.05 to .07) .06 (.05 to .08) .09 (.08to.11) .06 (.05 to .07) .05 (.04 to .06) .07 (.06 to .08) .09 (.08 to .10) .10 (.09 to .12) .09 (.07 to.11)
Tell story .03 (.02 to .05) .08 (.07 to .09) .06 (.04 to .07) .05 (.03 to .06) .00 (-.01 to .01) .07 (.06 to .08) .07 (.06 to .09) .06 (.04 to .07) .06 (.04 to .08)
Sing/dance .03 (.02 to .04) .05 (.04 to .06) .06 (.05 to .07) .04 (.03 to .06) .01 (.00 to .02) .06 (.04 to .07) .03 (.02 to .04) .01 (.00 to .03) .00 (-.02 to0 .01)
Play .02 (.01 to .03) .05 (.04 to .06) .04 (.03 to .05) .03 (.02 to .04) .01 (.00 to .02) .05 (.04 to .06) .02 (.01 to .04) .01 (-.01 to .02) .00 (-.02 to .02)
Go outside .05 (.04 to .06) .06 (.05 to .08) .07 (.06 to .08) .05 (.04 to .06) .03 (.02 to .04) .07 (.05 to .08) .06 (.05 to .07) .05 (.03 to .06) .05 (.03 to .06)
Name, count, draw .06 (.05 to .07) .08 (.07 to .09) .10 (.08 to .11) .07 (.06 to .08) .04 (.03 to .05) .08 (.07 to .09) .09 (.08 to .11) .08 (.06 to .09) .07 (.06 to .09)
Books in home 12 (.11 t0.13) 12 (L11t0.13) .18 (.17 t0 .19) .13 (.12t0.14) .07 (.05 to .08) .14 (.13 t0 .15) .18 (.16 t0 .19) .23 (21 to .24) 21 (1910 .22)
Lao PDR
Sex - .00 (-.01 to .01) .01 (.00 to .02) .03 (.02 to .04) .01 (.00 to .03) -.03 (-.04 to -.01) .01 (.00 to .02) .02 (.01 to .03) .02 (.01 to .03)
Age (years) - .07 (.06 to .07) .07 (.06 to .07) .07 (.06 to .07) .05 (.05 to .06) .07 (.06 to .07) 12 (11t0.12) .07 (.07 to .07) .06 (.06 to .07)
Stunted - -.02 (-.03 to -.01) -.03 (-.04 to -.02) -.02 (-.03 to -.01) -.02 (-.03 to .00) -.03 (-.04 to -.01) -.04 (-.05 to -.03) .04 (-.05 to -.03) -.03 (-.04 to -.03)
Preschool - .06 (.05 to .08) .11 (.10 to .12) .10 (.09 to .11) .07 (.05 to .08) .07 (.06 to .09) .17 (.16 to .19) 17 (.16 to .18) .14 (.13 to .15)
Maternal education - .01 (.01 to .02) .03 (.03 to .03) .02 (.02 to .03) .01 (.01 to .02) .04 (.03 to .05) .03 (.03 to .04) .04 (.04 to .05) .04 (.03 to .04)
Read to - .04 (.03 to .05) .09 (.08 to .10) 11 (.10to0 .12) .04 (.03 to .05) 11 (.10 to .12) .19 (.18 to .20) 16 (.15t0 .17) A1 (.11 to0 .12)
Tell story - .05 (.03 to .06) .08 (.07 to .09) .09 (.08 to .10) .05 (.04 to .06) .10 (.09 to .12) 16 (.15t0 .17) 12 (.11 to .13) .09 (.08 to .10)
Sing/dance - .01 (.00 to .03) .08 (.07 to .09) .10 (.09 to .011) .04 (.02 to .05) .11(.091t0.12) 14 (13 to .15) 13 (12 to .14) .10 (.09 to .10)
Play - -.05 (-.06 to -.03) .04 (.03 to .05) .09 (.08 to .10) .06 (.05 to .08) .09 (.07 to .10) .09 (.08 to .11) .09 (.08 to .11) .09 (.07 to .10)
Go outside - -.01 (-.03 t0 .00) .00 (-.01 to0 .02) .05 (.04 to .06) -.02 (-.03 to -.01) .08 (.06 to .09) .06 (.05 to .08) .04 (.03 to .05) .06 (.05 to .07)
Name, count, draw - .04 (.03 to .05) .09 (.08 to .10) 12 (11t0.13) .05 (.04 to .06) .13 (1210.014 18 (.16t0.19) .16 (.15t0.17) .13 (.12 to0 .14)
Samoa
Sex .01 (.00 to .02) .01 (.00 to .03) .01 (.00 to .03) .02 (.01 to .03) .01 (.00 to .02) .02 (.00 to .03) .01 (.00 to .02) .02 (.00 to .03) .01 (.00 to .03)
Age (years) .04 (.04 to .05) .07 (.07 to .08) .07 (.06 to .07) .05 (.05 to .06) .04 (.03 to .04) .05 (.04 to .06) .07 (.07 to .08) .08 (.07 to .09) .09 (.08 to .09)
Stunted  -.08 (-.09 to -.07) -.09 (-.11 to -.08) -.03 (-.05 to -.02) -.05 (-.07 to -.04) .04 (.03 to .05) -.11 (- 13 t0 -.09) -.06 (-.07 to -.05) .08 (-.10 to -.06) -.06 (-.08 to -.04)
Preschool .17 (.16 to .18) 22 (.21 to .23) .29 (.27 to .30) 23 (.22 t0 .23) .01 (.00 to .02) .27 (.26 to .28) .31 (.30 t0 .32) 33 (.31t0.34) .38 (.37 to .39)
Maternal education .06 (.05 to .07) .02 (.00 to .03) .08 (.07 to .09) .06 (.05 to .07) .03 (.02 to .04) .05 (.03 to .06) .09 (.07 to .10) .09 (.08 to.11) .08 (.06 to .09)
Read to 16 (.15t0 .17) .25 (.23 to .26) .25 (.24 t0 .27) 22 (.20 to .23) .05 (.03 to .06) 32 (3110 .34) .20 (.18 to .21) 24 (.22 to .25) .28 (.27 to .30)
Tell story .16 (.15t0 .17) .25 (.23 to .26) .23 (.22 to .25) 21 (.19 to .22) .04 (.03 to .05) .31 (.30 to .33) 18 (.17 to .19) .20 (.19 to .22) 23 (21 to .24)
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Sing/dance .10 (.09 to .11) 15 (.14 to0 .17) .07 (.06 to .08) .10 (.08 to .11) -.08 (-.09 to -.07) .23 (2210 .25) .06 (.05 to .08) .10 (.09 to .12) .09 (.08 to .11)

Play .11 (.10to .12) .19 (.18 to .21) .11 (.10to .13) 12 (11t .13) -.08 (-.10 to -.07) .26 (.24 to .28) .09 (.08 to .10) .14 (12 to .15) A2 (11t .14)

Go outside .09 (.08 t0 .10) A3 ((11to.14) .04 (.03 to .06) .07 (.05 to .08) -.06 (-.07 to -.05) .20 (.18 to .21) .05 (.04 to .06) .09 (.08 to .10) .08 (.06 to .10)

Name, count, draw .16 (.15t0 .17) .25 (.23 to .26) 22 (21 to .24) .19 (.18 to .20) .06 (.05 to .07) 31 (2910 .32) .19 (.18 to .21) 24 (.22 to .25) .29 (.27 to .30)
Books in home 17 (16 to .18) .27 (.26 to .28) .34 (.33 t0 .35) .28 (27 t0 .29) .04 (.03 to .05) .28 (.27 to .30) .32 (31t0.33) 45 (44 to .46) 42 (41 to 43)

Tonga

Sex .05 (.03 to .06) .02 (.01 to .03) .03 (.01 to .04) .02 (.01 to .03) .03 (.02 to .04) .01 (-.01 t0 .03) .04 (.03 to .06) .04 (.03 to .06) .05 (.04 to .07)

Age (years) .07 (.07 to .08) .05 (.04 to .05) .07 (.07 to .08) .04 (.03 to .04) .04 (.04 to .05) .07 (.06 to .08) .19 (.18 to .20) .19 (.18 to .20) 23 (22 to .24)
Stunted  -.01 (-.04 to .01) -.02 (-.04 to .01) -.03 (-.06 to -.01) -.01 (-.02 to -.01) .06 (.03 to .08) -.05 (-.08 to -.02) .00 (.04 to .03) .00 (-.04 to .04) -.03 (-.06 to .01)

Preschool .09 (.08 to .11) .02 (.01 to .03) .06 (.05 to .08) .04 (.03 to .05) .02 (.01 to .03) .08 (.07 to .10) .19 (.18 to .20) 17 (.16 to .19) .19 (.17 to .20)
Maternal education .05 (.04 to .06) .02 (.01 to .03) .05 (.04 to .06) .03 (.02 t0 .03) .03 (.02 to .03) .05 (.04 to .06) .06 (.05 to .07) .06 (.05 to .07) .06 (.04 to .07)
Read to .14 (13 t0 .16) .10 (.09 to .11) 15 (14 t0 .17) .08 (.07 to .09) .07 (.06 to .08) .16 (\14 to .18) 22 (21t0 .24) .23 (21 t0 .25) .23 (22 t0 .25)

Tell story .13 (.12to0 .15) .10 (.09 to .12) .16 (.14 to .17) .08 (.07 to .08) .06 (.05 to .07) .18 (.16 to .20) .20 (.18 to .21) 21 (.19 to .23) .20 (.18 to .22)
Sing/dance .17 (.14 to .19) .18 (.16 to .20) .24 (.21 to .26) .12 (.10 to .13) .04 (.02 to .07) .23 (.20 to .26) 21 (.18t0 .23) .23 (.19 to .26) .17 (.14 to .20)

Play .17 (.14 to .20) .16 (.14 t0 .19) .20 (.17 to .23) A3 (11to0.15) .03 (.00 to .05) .24 (20 to .27) .19 (16 to .23) .22 (.19 to .26) 17 (13 to .21)

Go outside .15 (.12t0 .18) 18 (.16 to .21) .22 (.19 to .25) 13 (.11 to .14) .01 (-.01 to .04) .27 (23 t0 .31) .19 (.16 to .23) .22 (.18 to .26) .19 (.15 to .22)

Name, count, draw 17 (15 to .18) 15 (13 to .16) 21 (19 to .22) .10 (.10 to .11) .07 (.06 to .09) .19 (18 to .21) 27 (26 to .29) .30 (.28 t0 .32) .29 (27 to .31)
Books in home .16 (14 t0 .17) 12 (11t0.13) 17 (16 t0.19) .10 (.09 to.11) .09 (.07 to .10) .20 (.18 to .21) .27 (.25 t0 .28) .33 (.32 t0.35) .26 (.24 to .28)

Tuvalu

Sex .08 (.04 to .13) .06 (.02to.11) .08 (.04 to .13) .10 (.06 to .14) .09 (.04 to .15) .04 (.00 to .08) .08 (.03 t0 .13) 11 (.05t0.17) 11 (.05t0.17)

Age (years) 12 (.09 to .14) 12 (.10 to .14) 15 (13 t0 .18) .10 (.08 to .12) .08 (.05 to .11) .05 (.02 to .07) .22 (20 to .25) 22 (.19 t0 .25) .26 (23 t0 .29)
Stunted  -.06 (-.11 to .00) -.06 (-.11 t0 -.01) -.06 (-.11 to .00) -.02 (-.07 to .03) -.04 (-.10 t0 .03) -.09 (- 14 to -.04) -.06 (-.13 t0 .00) -.10 (-.17 to -.03) -.14 (-.22 t0 -.07)

Preschool ~ -.10 (-.18 to -.02) .04 (-.03 to .12) -.09 (-.18 to -.01) -.07 (-.14 to .00) .04 (-.05to .13) -.03 (-.11 to .04) .04 (-.05t0.14) .03 (-.07to 13) .12 (.02 to .23)
Maternal education .00 (.03 to .03) .01 (-.02 t0 .03) -.01 (-.04 to .02) -.01 (-.04 to .01) .02 (-.04 to .01) .00 (.03 t0 .03) .00 (-.04 to .03) .00 (-.03 to .04) .00 (-.04 to .04)
Read to .07 (.00 to .13) .04 (-.02 to .10) .08 (.00 to .15) .06 (.01 to .12) .00 (-.08 to .07) .06 (.00 to .13) .09 (.01 to .17) .11 (.03 to .20) .08 (-.01 to .16)

Tell story .10 (.02 to .19) .11 (.03 to .18) .17 (.08 to .27) .10 (.02 to .17) -.03 (-.13 t0 .06) .14 (.06 to .22) .14 (.04 to .24) .16 (.05 to .27) .15 (.04 to .26)
Sing/dance  -.04 (-.14 to .06) .06 (-.03 to .15) 11 (-.01t0.22) .05 (-.04 t0 .14) -11(-22t0.01) .13 (.04 to .23) .07 (-.05t0 .19) 11 (-.02to 24) .07 (-.06 to .21)

Play .01 (-.10t0 .12) .07 (-.03 to .17) .12 (-.01 to .24) .05 (-.05 to .15) -.17 (-.30 to -.05) .00 (- 11 to .10) .08 (-.05to0 .21) .08 (-.07 to 22) .09 (-.06 to .24)

Go outside .01 (-.08 to .09) .04 (-.04 to .11) .13 (.03 to .22) .04 (-.03 to .22) -.01 (-.10 to .09) .08 (.00 to .15) .08 (-.02t0 .18) .09 (-.02 to 20) .13 (.02 to .24)

Name, count, draw .00 (-.07 t0 .07) .05 (-.01to.11) .09 (.01 to .16) .11 (.04 t0.17) .02 (-.06 to .09) .04 (-.03 t0 .10) .08 (.00 to .16) .09 (.00 to .18) .15 (.06 to .24)

Note. Sex: male = 0, female = 1. Stunting: not stunted = 0, stunted = 1. Preschool: did not attend = 0, attended = 1. Maternal education: no school = 0, started primary = 1, finished primary
= 2, started secondary = 3, finished secondary = 4, tertiary = 5. Home learning activities: did not do = 0, did do = 1. The Lao PDR version of the eHCI does not include a Physical Health
domain. Phys=Physical Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning,
Num=Numeracy, Read=Reading, and Writ=Writing
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Supplementary Figure 4.1. Discriminant validity: linear regression coefficients and 95% confidence

intervals of eHCI domain scores on demographic and contextual variables in Brazil (n = 1810, 2015)
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Note: Stunting, maternal education, and home learning environment data were not collected in Brazil. Preschool
results are not presented as 100% of the sample were attending preschool. Female = 1, male = 0. Phys=Physical
Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and Emotional,
Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading, and Writ=Writing.
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Supplementary Figure 4.2. Discriminant validity: linear regression coefficients and 95% confidence

intervals of eHCI domain scores on demographic and contextual variables in China (n=11421,2015/16)
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Note: Home learning environment data were not collected in China. Female, stunted, attended preschool = 1;
male, not stunted, did not attend preschool = 0. Phys=Physical Health, Comm=Verbal Communication,
Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches to Learning,
Num=Numeracy, Read=Reading, and Writ=Writing.
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Supplementary Figure 4.3. Discriminant validity: linear regression coefficients and 95% confidence

intervals of eHCI domain scores on demographic and contextual variables in Kiribati (n = 8339, 2017)
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Note. Female, stunted, attended preschool, home learning environment items yes = 1; male, not stunted, did not
attend preschool, home learning environment items no = 0. Phys=Physical Health, Comm=Verbal
Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches
to Learning, Num=Numeracy, Read=Reading, and Writ=Writing.
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Supplementary Figure 4.4. Discriminant validity: linear regression coefficients and 95% confidence

intervals of eHCI domain scores on demographic and contextual variables in Samoa (n = 12191, 2016)
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Note. Female, stunted, attended preschool, home learning environment items yes = 1; male, not stunted, did not
attend preschool, home learning environment items no
Communication, Cult=Cultural Knowledge, Soc=Social and Emotional, Persev=Perseverance, Appr=Approaches
to Learning, Num=Numeracy, Read=Reading, and Writ=Writing.

= (. Phys=Physical Health, Comm=Verbal
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Supplementary Figure 4.5. Discriminant validity: linear regression coefficients and 95% confidence

intervals of eHCI domain scores on demographic and contextual variables in Tuvalu (n = 549, 2015)

Age Sex
0.30 § 0.30
2 020 ¢ i . 020
] § c
‘S ¢ @ K
£ 010 ® i £ 010 {
: g 5 ¢ ;
o o
0.00 o 0.00
0 o
-0.10 -0.10
-0.20 -0.20
-0.30 -0.30
X (¢ N\ S > X © X ) N\ N d X
Q (Jo@‘(\ o P . & & & @ & N bo&@ Y . & & & @
Stunted Preschool
0.30 0.30
0.20 0.20
= =
Q
2 010 g 0.10
£ =
g 000 { } } g 0.0
(&)
[aa] } [as)
-0.10 % { { % -0.10 {
-0.20 -0.20
-0.30 -0.30
S & N ¢ & &S DA P &N &S A
Q\\ (JO(Q (@) ) q Q}“: ?‘Q eo ng @ Q“(\ (Jo@ C ) q Q}‘o V‘Q $\) qg, @
Maternal education Read book
0.30 0.30
0.20 0.20
2 0.0 £ 010 % { {
2 o {
S S
€ o000 ¢ & $ 3 ¢ ¢ ¢ ¢ § £ 000
S 38
o -0.10 @ -0.10
-0.20 -0.20
-0.30 -0.30
S & M ¢ & & & AL S &N & & &AL
SRS & W @ N SO & R S &

297



0.30

0.20

0.10

0.00

B coefficient

-0.10

-0.20

-0.30

0.30

0.20

0.10

0.00

B coefficient

-0.10

-0.20

-0.30

Tell story

B coefficient

0.30

0.20

0.10

0.00

-0.10

-0.20

-0.30

Q\@"’ 6‘6\ O}‘ (,’o(’

0.30

0.20

B coefficient

-0.20

-0.30

0.30

0.20

0.10

0.00

B coefficient

-0.10
-0.20

-0.30

Name, count, draw

Y
£ 9
(/O Q?} N

0.10
0.00

-0.10

*‘9 ((\ \§\. o(/
Q\(\ (Joé\ C ) q 2}")

X O RQ < >
SIS & K @@ & &

& o
R é\\({\ Qg”b

Appendix E

Sing/dance

& &

< >
W &

Go outside

&

Q@ e

&

$&

Note: Information regarding books in the home were not collected in Tuvalu. Female, stunted, attended preschool,
home learning environment items yes = 1; male, not stunted, did not attend preschool, home learning environment
items no = 0. Phys=Physical Health, Comm=Verbal Communication, Cult=Cultural Knowledge, Soc=Social and

Emotional, Persev=Perseverance, Appr=Approaches to Learning, Num=Numeracy, Read=Reading, and
Writ=Writing.
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Appendix F: Supplementary materials from submitted journal article 3

Supplementary Table 5.1. Early Human Capability Index (eHCI) domains and items

Domain

Item

Verbal
Communication

Can child tell you what he/she wants?

Can child speak a few simple words or sentences to explain what
happened to him/her?

Can child speak many words or sentences to explain what happened to
him/her?

Can child communicate well with you on any topics?

Cultural
Knowledge

Can child tell a type of animal, at least two animals in the area?

Can child tell a food name, at least two dishes that are available in the
area?

Can child tell a name of a plant/vegetable/fruit, at least two types in the
area?

Can child sing?

Can child participate in traditional events such as giving alms and
seeing monks?

Social and
Emotional

Is child happy to share his/her toys with others?

Does child know how to take care of his/her belongings?

Has child shown respect to elders?

Does child respect other kids?

Is child responsible for his/her own behaviour?

Does child consider other people’s feelings?

Can child help other people?

Is child friendly to other kids?

Is child hot tempered?*

Can child understand the difference between right and wrong?
Can child respond to a simple instruction?

Is your child very clingy (i.e. does not want to leave their parent’s side)?*
Does your child understand his/her feelings and is able to describe
his/her feelings, for example “I’'m happy” or “I’'m sad”?

Does your child stop an activity when told to do so straight away?

Perseverance

Can child do something on his/her own?

When child is doing something, does he/she finish it?

Does child have to be told several times so that then he/she can finish
what he/she is doing?*

When child is doing something, does he/she lose focus easily?*

Approaches to
Learning

Does child show any sign of interest to learn new things?

Does child try to learn how to play with new toys?

Has child ever used any object to role play (using imagination) e.g.
banana stem horse, sword fighting etc?

Does child show interest in playing games such as collecting pebbles,
jumping with rubber bands, hide and seek, ball throwing etc?

When the kids go somewhere with you or another household member,
are they brave to survey or ask some questions with another person?
When child is doing a particular activity, they will pay intense attention
to the activity.
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Does child think things out before starting a task?

Numeracy Can child distinguish between a triangle, circle and rectangle?
Can child tell at least three different colours?
Can child distinguish objects based on shape, colour, and size?
Can child count from 1 to 10?
Can child count from 1 to 20?
Does child know that a tiger is taller than a cat?'
Does child know morning, afternoon and evening?
Can child tell you if it is yesterday, today or tomorrow?
Does child know that an elephant is heavier than a pig?
Does child know that 8 is more than 2?

Reading Can child read in the correct direction from left to right and from top to
bottom (even if they can’t read)?
Can child tell at least 3 letters of the alphabet?
Can child tell at least 10 letters of the alphabet?
Can child read at least 4 simple words?
Can child read difficult words such as axe, buffalo?
Can child read simple sentences?

Writing Can child write or draw with pencil, coloured pencils or pen?
Can child draw a picture that you can tell what it is?
Can child write at least three letters such as A, B, C?
Can child write his/her own name?
Can child write a simple word?
Can child write a simple sentence?

Note. * = reverse scored items.
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Supplementary Table 5.2. Direct assessment domains and sub-domains

Appendix F

Domain

Sub-domain

Number of items

Literacy

Familiarity with print
Sound discrimination
Sound identification
Letter name knowledge
Listening comprehension
Name writing

[e)

Numeracy

Quantitative comparison
Measurement vocabulary
Shape naming

Spatial vocabulary
Verbal counting

Number identification
Producing a set

Addition with two sets
Spatial visualisation

o

Executive function

Forward digit span
Backward digit span
Head-toes-knees-shoulders

NI PD|—m = WN~ DD PANRPFR[=OUGLDN N W W
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Supplementary Table 5.3. Descriptive statistics for eHCI and DA scores at ages 2-5 and ages 6-9

Baseline
2 years (n=1,325) 3 years (n=1,685) 4 years (n=1,739) 5 years (n =473)
Domains M SD IQR M SD IQR M SD IQR M SD IQR
eHCI Verbal Communication 0.71 032 050 085 024 025 089 021 000 092 0.18 0.00
Cultural Knowledge 0.59 025 040 0.70 020 020 075 0.18 020 0.79 0.18 0.40
Social and Emotional 0.37 0.18 029 046 0.19 021 051 0.19 029 054 020 0.36
Perseverance 0.43 025 0.25 049 027 050 052 0.26 0.25 0.58 0.25 0.25
Approaches to Learning 0.56 030 057 066 028 043 0.72 024 029 074 025 0.29
Numeracy 0.19 020 030 032 022 030 042 024 030 051 026 0.40
Reading 0.04 0.11 0.00 0.08 0.17 0.17 0.13 020 0.17 021 026 0.33
Writing 0.09 o0.11 0.17 0.13 0.14 0.17 0.18 0.18 0.17 027 024 0.17
Overall development 034 0.13 0.17 043 0.13 0.16 048 0.13 0.16 054 0.15 0.20
DA Literacy 0.03 0.05 0.03 0.05 0.08 0.07 008 0.11 0.12 0.12 0.16 0.18
Numeracy 0.12 0.14 022 020 0.17 031 031 020 023 039 023 0.31
Executive function 0.06 0.12 0.06 0.10 0.16 0.17 0.18 0.20 033 024 024 0.39
Follow up
6 years 7 years 8 years 9 years
Domains M SD IQR M SD IQR M SD IQR M SD IQR
eHCI Verbal Communication 0.90 022 0.00 090 022 0.00 091 022 000 093 020 0.00
Cultural Knowledge 0.82 021 020 084 0.19 020 086 0.19 020 089 0.16 0.20
Social and Emotional 0.70 020 029 073 0.19 025 076 0.19 029 0.79 0.16 0.21
Perseverance 0.56 024 025 058 023 025 059 022 025 061 022 0.25
Approaches to Learning 0.79 023 029 079 024 029 079 023 029 082 021 0.29
Numeracy 0.83 021 030 087 0.18 020 089 0.18 020 093 0.14 0.10
Reading 0.59 034 050 066 033 067 072 031 050 081 027 0.33
Writing 0.71 030 050 0.79 027 033 084 023 033 091 0.19 0.17
Overall development 0.72 0.17 025 0.76 0.16 022 079 0.16 0.19 0.83 0.13 0.12
DA Literacy 0.37 027 045 047 027 041 054 027 043 0.65 027 0.44
Numeracy 0.64 023 037 073 021 029 079 019 024 082 0.16 0.19
Executive function 036 0.18 025 043 0.19 028 048 0.19 029 054 0.19 0.25

Note. eHCI = early Human Capability index, DA = direct assessment, M = mean, SD = standard deviation, IQR = interquartile range.
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Supplementary Table 5.4. AUC (95% CI) for eHCI, DA, and socioeconomic measures at ages 2-

5 predicting DA scores in the bottom 20% at ages 6-9

DA literacy

DA numeracy

DA executive
function

Age 2 (n=1,325)

Age 6

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.63 (0.59-0.66)
0.53 (0.49-0.57)
0.58 (0.54-0.61)
0.52 (0.48-0.56)
0.63 (0.60-0.67)
0.64 (0.60-0.67)

0.67 (0.63-0.70)
0.54 (0.51-0.58)
0.60 (0.56-0.64)
0.55 (0.51-0.59)
0.63 (0.59-0.66)
0.64 (0.61-0.68)

0.63 (0.60-0.67)
0.54 (0.50-0.58)
0.59 (0.56-0.63)
0.53 (0.49-0.57)
0.60 (0.56-0.64)
0.60 (0.57-0.64)

Age 3 (n=1,685)

Age7

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.63 (0.60-0.66)
0.56 (0.53-0.59)
0.59 (0.56-0.63)
0.58 (0.55-0.61)
0.65 (0.62-0.69)
0.66 (0.62-0.69)

0.60 (0.57-0.63)
0.56 (0.53-0.60)
0.59 (0.56-0.63)
0.56 (0.53-0.60)
0.63 (0.60-0.67)
0.64 (0.60-0.67)

0.60 (0.56-0.63)
0.54 (0.51-0.58)
0.58 (0.55-0.62)
0.55 (0.51-0.58)
0.59 (0.56-0.63)
0.61 (0.58-0.64)

Age 4 (n=1,739)

Age 8

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.65 (0.62-0.69)
0.60 (0.67-0.63)
0.59 (0.56-0.63)
0.58 (0.54-0.61)
0.67 (0.64-0.70)
0.65 (0.62-0.68)

0.65 (0.62-0.68)
0.60 (0.57-0.63)
0.63 (0.60-0.66)
0.59 (0.56-0.62)
0.64 (0.61-0.68)
0.64 (0.61-0.67)

0.62 (0.58-0.65)
0.60 (0.57-0.63)
0.62 (0.59-0.65)
0.58 (0.54-0.61)
0.62 (0.59-0.65)
0.61 (0.58-0.65)

Age 5 (n=473)

Age 9

eHCI overall development
DA literacy

DA numeracy

DA executive function
Caregiver education
Caregiver literacy

0.68 (0.62-0.74)
0.68 (0.63-0.74)
0.67 (0.61-0.73)
0.64 (0.58-0.70)
0.64 (0.58-0.70)
0.64 (0.58-0.70)

0.66 (0.59-0.72)
0.65 (0.59-0.71)
0.68 (0.62-0.74)
0.61 (0.55-0.68)
0.60 (0.54-0.66)
0.59 (0.52-0.65)

0.61 (0.54-0.67)
0.58 (0.52-0.64)
0.60 (0.54-0.66)
0.52 (0.46-0.59)
0.58 (0.52-0.64)
0.59 (0.52-0.65)

Note. AUC = Area Under the Curve, CI = confidence interval, eHCI = early Human Capability
index, DA = Direct Assessment.
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Supplementary Figure 5.1. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting literacy scores in the bottom

20% at ages 6-9
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Note. eHCI = early Human Capability Index, DA = direct assessment.
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Supplementary Figure 5.2. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting numeracy scores in the

bottom 20% at ages 6-9
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Supplementary Figure 5.3. ROC curves for eHCI, DA, and socioeconomic measures at ages 2-5 predicting executive function scores in

the bottom 20% at ages 6-9
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Note. eHCI = early Human Capability Index, DA = direct assessment.
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Supplementary Table 5.5. AUC (95% CI) for individual eHCI and DA domains at ages 2-5

predicting DA scores in the bottom 10% at ages 6-9

DA literacy

DA numeracy

DA executive
function

Age 2 (n=1,325)

Age 6

eHCI

Verbal communication
Cultural knowledge
Social and emotional
Perseverance
Approaches to learning
Numeracy

Reading

Writing

0.62 (0.56-0.67)
0.64 (0.59-0.69)
0.59 (0.54-0.64)
0.50 (0.44-0.55)
0.60 (0.55-0.66)
0.55 (0.50-0.60)
0.57 (0.52-0.63)
0.59 (0.54-0.64)

0.63 (0.59-0.68)
0.66 (0.61-0.71)
0.60 (0.55-0.65)
0.52 (0.47-0.56)
0.62 (0.57-0.67)
0.57 (0.53-0.62)
0.58 (0.53-0.63)
0.60 (0.55-0.64)

0.61 (0.56-0.66)
0.62 (0.57-0.67)
0.58 (0.53-0.63)
0.50 (0.46-0.55)
0.61 (0.56-0.66)
0.55 (0.51-0.60)
0.57 (0.52-0.61)
0.62 (0.58-0.67)

DA

Literacy
Numeracy
Executive function

0.53 (0.48-0.59)
0.57 (0.52-0.62)
0.52 (0.47-0.57)

0.55 (0.05-0.60)
0.62 (0.57-0.67)
0.55 (0.51-0.60)

0.52 (0.47-0.57)
0.58 (0.53-0.62)
0.53 (0.48-0.57)

Age 3 (n=1,685)

Age 7

eHCI

Verbal communication
Cultural knowledge
Social and emotional
Perseverance
Approaches to learning
Numeracy

Reading

Writing

0.55 (0.48-0.63)
0.59 (0.52-0.66)
0.60 (0.53-0.66)
0.55 (0.48-0.62)
0.60 (0.52-0.67)
0.58 (0.52-0.64)
0.66 (0.60-0.72)
0.65 (0.58-0.71)

0.55 (0.51-0.60)
0.60 (0.55-0.64)
0.55 (0.50-0.59)
0.51 (0.47-0.56)
0.55 (0.51-0.60)
0.57 (0.53-0.61)
0.59 (0.55-0.64)
0.59 (0.54-0.63)

0.56 (0.51-0.60)
0.59 (0.55-0.64)
0.59 (0.54-0.63)
0.53 (0.49-0.58)
0.58 (0.54-0.63)
0.53 (0.49-0.57)
0.58 (0.53-0.62)
0.59 (0.55-0.64)

DA

Literacy
Numeracy
Executive function

0.58 (0.51-0.65)
0.60 (0.52-0.67)
0.56 (0.50-0.63)

0.57 (0.52-0.61)
0.60 (0.56-0.65)
0.58 (0.53-0.62)

0.56 (0.52-0.60)
0.61 (0.56-0.65)
0.57 (0.53-0.61)

Age 4 (n=1,739)

Age 8

eHCI

Verbal communication
Cultural knowledge
Social and emotional
Perseverance
Approaches to learning
Numeracy

Reading

Writing

0.55 (0.51-0.60)
0.59 (0.54-0.63)
0.60 (0.56-0.65)
0.54 (0.50-0.58)
0.56 (0.51-0.60)
0.61 (0.57-0.65)
0.62 (0.58-0.66)
0.63 (0.59-0.67)

0.57 (0.52-28)
0.59 (0.54-28)
0.61 (0.56-28)
0.51 (0.47-28)
0.59 (0.54-28)
0.62 (0.58-28)
0.64 (0.59-28)
0.63 (0.59-28)

0.56 (0.52-0.61)
0.59 (0.55-0.63)
0.57 (0.53-0.61)
0.51 (0.47-0.56)
0.57 (0.53-0.62)
0.61 (0.57-0.65)
0.61 (0.57-0.64)
0.60 (0.56-0.64)

DA

Literacy
Numeracy
Executive function

0.59 (0.55-0.63)
0.63 (0.59-0.67)
0.57 (0.53-0.62)

0.61 (0.57-28)
0.63 (0.58-28)
0.59 (0.54-28)

0.60 (0.57-0.64)
0.63 (0.59-0.66)
0.59 (0.55-0.63)
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Age 5 (n=473)

Age 9

eHCI Verbal communication
Cultural knowledge
Social and emotional
Perseverance
Approaches to learning
Numeracy
Reading
Writing

0.53 (0.45-0.62)
0.60 (0.52-0.68)
0.65 (0.56-0.73)
0.56 (0.48-0.65)
0.56 (0.48-0.65)
0.67 (0.59-0.74)
0.64 (0.57-0.72)
0.65 (0.57-0.73)

0.58 (0.49-0.67)
0.58 (0.50-0.67)
0.60 (0.51-0.68)
0.57 (0.48-0.65)
0.57 (0.49-0.66)
0.61 (0.53-0.69)
0.60 (0.52-0.67)
0.60 (0.51-0.68)

0.62 (0.53-0.72)
0.65 (0.58-0.73)
0.57 (0.48-0.66)
0.56 (0.46-0.65)
0.60 (0.52-0.69)
0.58 (0.49-0.67)
0.58 (0.49-0.67)
0.61 (0.52-0.69)

DA  Literacy
Numeracy
Executive function

0.68 (0.61-0.74)
0.66 (0.59-0.73)
0.60 (0.52-0.68)

0.68 (0.60-0.75)
0.69 (0.62-0.77)
0.62 (0.54-0.70)

0.62 (0.54-0.69)
0.64 (0.56-0.72)
0.58 (0.49-0.67)

Note. AUC = Area Under the Curve, CI = confidence interval, eHCI = early Human Capability

index, DA = Direct Assessment.
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Supplementary Figure 5.4. ROC curves for individual eHCI and DA domains at ages 2-5 predicting literacy scores in the bottom 10% at ages 6-9
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107 i~
4 Source of the
Curve

—— communication

— culture

— socialemotional

—— perseverance

— approaches

— reading

—writing
numeracy
DA_numeracy

— DA_literacy

— DA_executivefunction

— Reference Line

08/

06|

Sensitivity

04|

02}

1 - Specificity

Sensitivity

Baseline age 3, follow up age 7 (n = 1,685)

10
Source of the
Curve

— communication

— culture

— socialemotional

— perseverance

— approachsas

— reading

—writing
numeracy
DA_numeracy

—— DA_literacy

— DA_executivefunction

— Reference Line

08

08|

04

2y

(i)
oo 02 04 08 08 10

1 - Specificity

Baseline age 4, follow up age 8 (n = 1,739)

107
Source of the
Curve

—— communication

— culture

~— socialemotional

— perseverance

— approaches

— reading

— writing
numeracy
DA_numeracy

—— DA_literacy

— DA_executivefunction

— Reference Line

08|

06|

Sensitivity

04|

02}

0.0 02 04 08 08 1.0

1 - Specificity

Sensitivity

Baseline age 5, follow up age 9 (n =473)

10

o
4 Source of the
Curve

— communication
— culture
— socialemational
T perseverance
— approaches
—reading
—writing
numeracy
DA_numeracy
— DA_literacy
— DA_executivefunction
— Reference Line

06|

04

027

oo 02 04 06 08 10

1 - Specificity

Note. eHCI = early Human Capability Index, DA = direct assessment.
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Supplementary Figure 5.5. ROC curves for individual eHCI and DA domains at ages 2-5 predicting numeracy scores in the bottom 10% at ages

6-9
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Supplementary Figure 5.6. ROC curves for individual eHCI and DA domains at ages 2-5 predicting executive function scores in the bottom 10%

at ages 6-9

Baseline age 2, follow up age 6 (n = 1,325)
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Appendix G: Supplementary materials from submitted journal article 4

Supplementary Table 6.1. Characteristics of full sample (n = 3,322), eligible sample (n =

1,309), and analysis sample (n = 1,168)

Full sample Eligible sample  Analysis sample

Variable p %) p %) n (%)

Age 2 years 550 16.6 65 5.0 60 5.1
3 years 714 21.5 309 236 285 244

4 years 815 245 474  36.2 455 39.0

5 years 687  20.7 407  31.1 319 273

6 years 556  16.7 54 4.1 49 4.2

Missing 0 0.0 0 0.0 0 0

Sex Female 1,597 48.1 665 50.8 595 509
Male 1,705 513 644 492 573 49.1

Missing 20 0.6 0 0.0 0 0

Ethnicity Lao Tai 600 18.1 289 221 259 222
Khmu 1,224 36.8 517 395 475 40.7

Hmong 799 241 245 18.7 212 182

Other 666  20.0 254 194 222 19.0

Missing 33 1.0 4 0.3 0 0.0

Socioeconomic 1 683  20.6 207 15.8 172 14.7
status 2 646 194 239 183 212 182
3 718  21.6 289 221 260 223

4 710 214 308 235 279 239

5 532 16.0 262 20.0 245  21.0

Missing 33 1.0 4 0.3 0 0.0

Stunted Yes 1,444 435 551 42.1 500 428
No 1,741 524 713 545 668 57.2

Missing 137 4.1 45 34 0 0.0

Village Yes 1,783  53.7 726  55.5 652 55.8
accessibility No 1,539 463 583 445 516 44.2
Missing 0 0.0 0 0.0 0 0.0

Child health Very Healthy 1,908 57.4 751 574 667 57.1
status Normal 1,209 364 478  36.5 425 364
Unhealthy/Often Sick 175 53 77 5.9 73 6.3

Don't know 5 0.2 3 0.2 3 0.3

Missing 25 0.8 0 0.0 0 0.0

Note. Socioeconomic status 1 = least disadvantaged, 5 = most disadvantaged. Village accessibility based on item
"Can cars access the village during rainy seasons?”. Child health status based on item “What do you think is the
current health status of the child?”.
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Supplementary Table 6.2. Summary of adaptations to the MELE in Lao PDR

Domain Adaptation
N/A — basic Item around lesson plan now captures both the types of learning teachers use in
classroom classrooms (e.g., physical activity, circle activities etc) as well as the topic or
information subject of learning (e.g., language, maths etc) to align with the early years
learning framework in Lao PDR.
Items around children and adults present in the classroom now capture details
on all children rather than students only (e.g., if there are babies and younger
children present) as well as all adults present (e.g., including children’s
caregivers, CCDG caregivers who lead playgroups but are not teachers, etc).
Learning Music and movement activities are now scored from 1-4 in line with other
activities topics, to reflect its importance in Lao PDR.

Interactions and
approaches to
learning

Items on child engagement were extended with two additional questions
regarding lesson facilitation through explicit instruction and checking on
children’s understanding — both, through consultations, deemed important
aspects of effectively engaging children in learning.

An item around creation of supportive learning environments (e.g., using
positive language, responding to student needs) has been added.

The grouping item has been updated to include two new types of groupings that
were observed throughout field testing of the instrument (children working as an
individual as part of the whole class, and children working individually as part
of a smaller group). The instrument now also requires enumerators record which
groupings they observe.

Arrangement,
space, and
materials

The term portfolio has been replaced with student workbook as this was a term
that both enumerators and teachers understood.

The item around materials in the classroom now includes additional instructions
for enumerators to check if materials are packed away in cupboards. The
instrument now also requires enumerators to record the type of materials they
observe (e.g., if they select writing utensils, the type of utensils such as pencils
needs to be specified).

The item on books in the classroom was changed to specify books in Laos
language, and books in any other language.

Facilities and
safety

Additional safety hazards that are relevant to Lao PDR were incorporated into
the safety conditions question, and those that do not apply (e.g., locked doors,
items kept in storage) have been removed. The instrument now also requires

enumerators to select which (if any) dangerous safety conditions they observe.
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Supplementary Table 6.3. Correlations (spearman’s rho) among exposure (MELE) and outcome (eHCI, MODEL) variables

Domain Domain
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 .10***
- 12 28
4 .00 38 28"
5 -02 .63~ 70" .81
6 -09 .14~ 11" 16™  .16™
7 -06° .12 .09 18" 15 33
8 -09* .13~ 14" 18 .18 35 .53
9 -02  -03 -01 -01 -0l .08 20 .27
10 -09* .12 .06° 177 13 40" 397 43 15
11 .02 A5 15 17 18 29 47 55 24 37
12 .03 08" .06 09°  .09° 19" 39" 44 26™ 34 .60
13 060 .10 15 13 16" 17 Al 46 26 31 59 59
14 -07° 15 14 19 19 St 67 75t 45t .62t 79 73 71
15 11 .07 .02 107 .08 17 17 23 13 21 32 28 31 35
16 -09 11™ 077 .19 16" .18 24" 27+ 10" 24" 35~ 31" 36" 39" .60
17 -01 .10 .05 A4 120 15 19 20 .08 .15 317 30 327 32 56 .56
18 -08 .10 .05 A6 13 197 23 26" 12 22" 38 35 38" 40 86 7T 8T

Note. MELE = Measure of Early Learning Environment, eHCI = early Human Capability Index, MODEL = Measurement of Development and Early Learning. 1
= MELE Learning Activities, 2 = MELE Interactions and Approaches, 3 = MELE Classroom Arrangement, 4 = MELE Facilities and Safety, 5 = MELE Overall
Quality, 6 = eHCI Verbal communication, 7 = eHCI Cultural knowledge, 8 = eHCI Social and emotional, 9 = eHCI Perseverance, 10 = eHCI Approaches to
learning, 11 = eHCI Numeracy, 12 = eHCI Reading, 13 = eHCI Writing, 14 = eHCI Overall Development, 15 = MODEL Numeracy, 16 = MODEL Literacy, 17 =

MODEL Executive Function, 18 = MODEL Overall Development.

*p <.05. ¥*p < .01.
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Supplementary Figure 6.1. Study design of Early Childhood Education Project in Lao PDR

376 villages in Northern Lao PDR

135 villages allocated to
study one

Eligibility criteria: existing primary
school; 20+ children aged 3-5 years

119 villages allocated to
study two

Eligibility criteria: existing
kindergarten, 20+ children aged 3-5
years

122 villages allocated to
study three

Eligibility criteria: no existing early
childhood services, 20+ children
aged 3-5 years

73 villages
randomised to
receive ECE 1
intervention

62 villages
randomised to
receive ECE 2
intervention

61 villages
randomised to
receive ECE 3
intervention

58 villages
randomised to
receive no
intervention

74 villages
randomised to
receive ECE 3
intervention

48 villages
randomised to
receive no
intervention

Note. ECE = early childhood education.
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Supplementary Figure 6.2. Directed Acyclic Graph of the association between early childhood

education quality and child development
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Note. ECE = early childhood education, SES = socioeconomic status
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Appendix H: Additional published journal article contributing to this thesis
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