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ABSTRACT

Introduction Children’s early development is affected

by caregiving experiences, with lifelong health and well-
being implications. Governments and civil societies need
population-based measures to monitor children’s early
development and ensure that children receive the care
needed to thrive. To this end, the WHO developed the
Global Scales for Early Development (GSED) to measure
children’s early development up to 3 years of age.

The GSED includes three measures for population and
programmatic level measurement: (1) short form (SF)
(caregiver report), (2) long form (LF) (direct administration)
and (3) psychosocial form (PF) (caregiver report). The
primary aim of this protocol is to validate the GSED SF and
LF. Secondary aims are to create preliminary reference
scores for the GSED SF and LF, validate an adaptive testing
algorithm and assess the feasibility and preliminary
validity of the GSED PF.

Methods and analysis We will conduct the validation

in seven countries (Bangladesh, Brazil, Cote d’Ivoire,
Pakistan, The Netherlands, People's Republic of China,
United Republic of Tanzania), varying in geography,
language, culture and income through a 1-year
prospective design, combining cross-sectional and
longitudinal methods with 1248 children per site, stratified
by age and sex. The GSED generates an innovative
common metric (Developmental Score: D-score) using

the Rasch model and a Development for Age Z-score
(DAZ). We will evaluate six psychometric properties of the
GSED SF and LF: concurrent validity, predictive validity

at 6 months, convergent and discriminant validity, and

° Said Mohammed Ali,*® Fyezah Jehan

827 Tarun Dua,’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study collects validation data (n=8736 children)
for the Global Scales for Early Development (GSED)
in seven countries that vary in geographic, linguistic,
cultural and sociodemographic characteristics.

= The methods for the validation of GSED are sys-
tematic across sites and follow rigorous standard
operating procedures based on the best scientific
evidence available.

= A tablet-based App is used for data collection to
make the administration of the GSED measures
user-friendly, to reduce recording and transcribing
errors and to facilitate adaptive testing.

= The GSED short form and long form aim to include
items that are culturally neutral and fit the Rasch
model, which assume that child development mile-
stones are age-ordinal, to create D-scores while
psychosocial items are included in a separate mea-
sure (GSED psychosocial form (PF)) and cultural-
specific items can be supplemented by countries.

= The three secondary aims (preliminary reference
scores, an adaptive testing algorithm and the fea-
sibility and validity of the GSED PF) are exploratory
and will require further research.

test—retest and inter-rater reliability. We will evaluate
measurement invariance by comparing differential item
functioning and differential test functioning across sites.
Ethics and dissemination This study has received ethical
approval from the WHO (protocol GSED validation 004583
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20.04.2020) and approval in each site. Study results will be disseminated
through webinars and publications from WHO, international organisations,
academic journals and conference proceedings.

Registration details Open Science Framework https://osf.io/ on 19
November 2021 (DOI 10.17605/0SF.I0/KX5T7; identifier: osf-registrations-
kx5t7-v1).

INTRODUCTION

Prenatal and early postnatal experiences have significant
impacts on early childhood development (ECD) and can
influence the accrual of health, well-being and produc-
tivity throughout the life course.' To promote current and
sustainable peace and prosperity, the United Nations has
focused the Sustainable Development Goals (SDGs) on
improving children’s outcomes in the early years through
multiple targets. The most explicit target for young chil-
dren is SDG 4 (Education goal), which requires reporting
on the ‘proportion of children under 5 years of age who
are developmentally on track in health, learning and
psychosocial well-being, by sex’.”

There are few valid measures that can be used globally
to assess child development for children under 3years
of age. Current measures of ECD range from proxy
measures (eg, prevalence of country-level stunting and
poverty) to detailed measures of individual performance
on developmental tasks.” The Early Childhood Develop-
ment Index 2030 (ECDI 2030)* does not include children
below 2years of age. A recent review has identified the
creation and validation of population-based instruments
for assessing very young children as a global priority.”

The Global Scales for Early Development (GSED) build
on advances made by analyses of existing global datasets,”
and new data collection’ that demonstrated the cross
cultural applicability of items that measure young chil-
dren’s development. Three research teams® joined efforts
to develop the GSED in response to the pressing need for
instruments and metrics to measure ECD at population
and programmatic levels across diverse parts of the world.

The GSED

The GSED consist of three open-access measures devel-
oped by a WHO-led team to provide a standardized
methodology for measuring the development of children
aged 0-3 years (0-36 months) across diverse cultures and
contexts.” '” They were developed for two objectives: 1)
for population-level evaluation and 2) for programmatic
evaluation through the caregiver report GSED Short
Form (SF) and/or directly administered Long Form (LF).
Additionally, a caregiver report GSED psychosocial form
(PF) was created for measuring psychosocial behaviours.
The development and piloting of the GSED SF, LF and PF
are described elsewhere.”!!

The GSED SF and LF produce metrics on the same age-
ordinal scale and quantify the same latent construct. The
Developmental Score (D-score) (see box 1) underlies
both measures and reflects children’s overall development
across multiple domains typically demonstrated in this age
group (eg, cognitive, motor, language, social-emotional).’

Box 1 The Developmental Score (D-score)
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The Developmental Score,'® or D-score, is a unidimensional latent
variable measuring child development during the first 3years across
multiple domains. The milestones that make up the D-score conform to
the Rasch model,?® thus yielding a scale with interval properties with a
fixed unit (figure 1). It is therefore possible to calculate a meaningful dif-
ference between two D-scores. Similar to height-for-age Z-score, given
suitable age-conditional references, the D-score can be transformed
to a Z-score that accounts for children’s age (ie, Development for Age
Z-score, or DAZ). The DAZ facilitates comparisons across children of
different ages.

The GSED PF items, designed to measure non-normative
developmental patterns, including behavioural or regu-
latory challenges, are not age-ordinal and do not use the
D-score metric.

AIMS
The primary aim of this study is to validate the GSED
measures,'' through testing for measurement invariance
and evaluation of the psychometric properties to measure
development among children under 3 years (<36 months)
globally (including creation of D-scores and Development
for Age Z-score (DAZ)).

Specific objectives:

1. Fit a Rasch model to the item data to calculate the D-
scores and DAZ.

2. Investigate differential item functioning (DIF) and dif-
ferential test functioning (DTF) across sites to deter-
mine measurement invariance.

3. Examine psychometric properties of the GSED SF and
LF:

- Test-retest and inter-rater reliability (score and item

level).

- Concurrent validity (association between scores on
GSED and Bayley Scales of Infant and Toddler De-
velopment (Bayley-III) or Griffiths Scales of Child
Development administered concurrently).'?

- Convergent validity (strength of association be-
tween GSED D-scores and other theoretically rele-
vant constructs).

- Predictive validity (association between GSED scores
6 months after initial assessment).

The secondary aims are to: (1) establish preliminary
reference scores (The population has not been selected
as a representative sample of all children aged <3 years
in each site (as would happen in a countrywide popula-
tion census). Selection and recruitment of a represent-
ative sample was beyond the scope of this study and not
required for validation purposes. We are therefore devel-
oping ‘reference scores’ which should not be interpreted
as population-sampled norms.) for optimal development
on the D-score (GSED SF and LF), (2) develop and vali-
date an adaptive testing algorithm and (3) obtain prelim-
inary validity data on the psychometric properties of the
GSED PF.
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METHODS
Design and study sites
The GSED validation study uses a prospective cross-
sectional design with a longitudinal component of age
and sex stratified samples of children in seven countries.
The countries are culturally, linguistically and geograph-
ically diverse, representing low-income (Bangladesh,
Cote d’Ivoire, Pakistan, United Republic of Tanzania),
middle-income (Brazil and The Republic of China) and
high-income (The Netherlands) settings. Samples in each
site are not nationally representative; however, they are
diverse, for example, covering both rural/urban settings.
Preparation and feasibility phases are described
elsewhere,'" and assess feasibility of administration of
GSED and associated measures including processes for
translating and culturally adapting GSED and other
study measures, creating data management systems and
training teams in data collection procedures.

Patient and public involvement

Caregivers of children 0-41month-olds were involved
in the study design as the burden of the assessment was
discussed with them in a pilot stage through qualita-
tive data collection. We intend to disseminate the main
results to trial participants and will seek patient and

Open access

public involvement in the development of an appropriate
method of dissemination.

Study sample

The study sample includes children between 0 and 41
months of age (inclusive) living in study areas (see table 1
for inclusion and exclusion criteria). The small sample of
children from 36 to 41 months aims to ensure that param-
eters are estimated with adequate precision for children
at the top of our age range (36 months).

Recruitment and consent

In each site, the sampling frame consists of a list of poten-
tially eligible caregiver—child dyads residing in the defined
study area. Lists of potential participants are created in
compliance with ethical review boards approved processes;
they vary by site and may include: participants in local preg-
nancy surveillance systems, families who have previously
agreed to be contacted for participation, from hospital/
health centre registries or families with children attending
local child health/care centres. Sites using registries will rely
on hospital or health centre staft (unaffiliated with GSED)
to contact families and obtain consent for sharing their
information with the GSED team. A sample listing of the
pre-consented families will be provided to the GSDE team
for recruitment. Sites recruiting families from local child
health/care centres will rely on advertisements or flyers
with information about the project, participation require-
ments, GSED team contact information for questions, and
a scan code or website link for interested families to provide
basic eligibility information and consent to be contacted for
enrolment.

Eligible children are sampled from this list using the
GSED sampling scheme (figure 2). To minimise clus-
tering of correlated scores within households, one child
per caregiver and in multi-family household is selected,
guided by age and sex quotas. For siblings or twins, one
is chosen randomly. Target children’s primary caregiver
(person most familiar with the child and spends most time
with them) is approached for consent and enrolment. A
non-technically worded information sheet is shared and
consent to participate is obtained at first visit. In the Neth-
erlands, participants provide consent online, confirmed
by study staff at first visit. Refusals to participate and drop-
outs are registered and replaced.

Table 1 Study sample inclusion and exclusion criteria
Sample Inclusion criteria Exclusion criteria
Total 1. Age 0-41 months 1. Missing gestational age (ultrasound or

per site n=1248 (as described in
sample size section below)

GSED, Global Scales for Early Development.

2. Family speaks to the child in same
language as GSED translation
3. Primary caregiver available to participate

last menstrual period (LMP))

2. Missing birth weight data

3. Acutely unwell at time of assessment
(temporary exclusion: to be rescheduled
after 7 days)
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GSED study sample

Full sample N = 1248

Reliability
N=154 (140 + 10%LTF — STOP at 140) *

Inter rater
N=99(90) *

Test retest
N=55(50)

Concurrent
N=166 (150+10%LTF — STOP at 150) *

Concurrent 2
N=83(75) *

Concurrent 1
N=83(75)*

| Schedule 1
‘ N=252 (216 + 36 new)

Group 1

Group 2
‘ N=84

N=84

Group 3
‘ N=84

N=252 (216 + 36 new)

Group 1
N=84

Predictive(N=504) 2
-> Adaptive (N=subsample of 432 + 72 new) 3
> ECDI (N= subsample of 230) 4

Non-adaptive

Schedule 2 ‘

Group 2
N=84

Group 3

=725
N=84 D272

v

Data Collected = 1248 (+72 < 6MO predictive/adaptive only)

[1] The number inside parentheses is the number collected and the number outside is the number randomised to account for loss to follow-up

[2] Two additional participants have been added to the predictive to have equal numbers in each experimental group.

[3] 72 new children between 2 weeks and 6 months of age have been added to the adaptive sample to ensure coverage at the lower ages.

[4] ECDI will only be done on N=230 Children between the ages of 2+ years at the time of the predictive data collection.

[5] The 72 oldest children (36-41 months) from the predictive sample will not be part of the adaptive sample.

Figure 2 Study sampling schema diagram. ECDI, Early Childhood Development Index; GSED, Global Scales for Early

Development.

Sampling frame and schemes

Sample size for recruitment within each site is 1248 chil-
dren (total 8736 children) across seven countries. After
consent is provided, children are allocated by sex and
age groups using a randomization procedure to one of
several sampling schema (eg, predictive, reference-score,
reliability; figure 2). See sampling in online supplemental
table S1 for sampling frame. Out of the full site sample
of 1248 children, 504 children per site are randomly
selected for re-evaluation 6 months later to assess predic-
tive validity (primary aim). A second scheme indicates
the minimum subsample of children needed to calculate
preliminary reference scores (secondary aim) that will
facilitate cross-country comparisons. To maximise preci-
sion of parameter estimates, larger quotas are kept for
the youngest age brackets where rates of development
are accelerated. A third scheme addresses inter-rater reli-
ability for 90 children per site using two assessors who
independently assess the same child sequentially or within
24 hours'® (We note that this procedure differs from
typical inter-rater reliability (IRR) designs which involve
simultaneous scoring of a single assessment. This sequen-
tial design was necessitated by logistical constraints. Given
that this design captures both variance due to differences
in raters and differences in occasions, the observed IRR
represents a lower bound for the true inter-rater reliability
of the assessments.). Test-retest (intra-rater reliability) is
performed by inviting 50 children per site to return for
repeat assessment with the same rater within 7-10days.
For concurrent validity, to assess the GSED against the

Bayley-III, a sample size of n=150 per country produces a
two-sided 95% CI 0.15 to 0.44, when the estimate of Pear-
son’s product-moment correlation is 0.3, with an equal
spread of participants tested across age and sex.

In the Netherlands, the GSED SF and PF are adminis-
tered online. A subset of participants (n=32) are inter-
viewed face-to-face to compare method of administration.
To determine test-retest reliability (intra-rater reliability),
the primary caregiver completes the SF and PS form
online and then a second time 7-10 days later.

Data collection

Measures

GSED

GSED SF and LF

The creation of the GSED SF and LF is described else-
where."’ Briefly, we constructed an item bank from previ-
ously gathered data and compiled cross-sectional and
longitudinal data from 31 countries representing over
73000 anonymised children with 109079 assessments
(using 22 established ECD instruments).® ¥ '* Using
subject matter expert input and statistical modelling,'” we
developed two measures intended tocapture child devel-
opment at population-level and/or to evaluate program-
matic impacts: a caregiver-reportedmeasure (GSED SF),
and a directly adminsitered measure (GSED LF).!"” The
measures are created paper-based and app-based (GSED
App) with builtin administration rules and supporting
media-files (see below).
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The GSED SF includes 139 items representing emerging
skills and behaviours within cognitive, motor, language
and social-emotional domains. All items are presented as
questions to the caregiver, with binary response options
(Yes/No and ‘Don’t Know’) that use start rules based on
the child’s age, and stop rules based on age and perfor-
mance. Assessors record caregiver’s responses, regardless
of the assessor’s observations. In the Netherlands only, the
GSED SF is completed online by caregivers. The GSED SF
administration includes sounds, images and short video
clips that assist in understanding, interpretating and
administering the items.

The GSED LF includes 155 items capturing similar
domains to the SF but, observed by the assessor following
start and stop rules based on the child’s age and
responses. LF items must either be observed inciden-
tally or by eliciting the behaviour or both, depending
on the item. Items are organised into three grids (A,
B and C) that enable assessors to measure the child’s
performance on similar tasks in succession, making the
administration easier for both assessors and children.
To further facilitate administration, icons are placed
next to each item that inform the assessor whether
the item is observed, demonstrated to or by the child,
listened for or spoken to the child. The GSED LF uses a
locally constructed and low cost kit with basic materials
that the child interacts with to demonstrate abilities.
The kit is created by local teams with detailed guidance
from WHO. Responses of all LF items are binary (skill
observed/not observed).

The items in both measures are ordered by difficulty
reflecting children’s emerging skills. Based on the anal-
yses from the validation, we will select the items to be
included in the final GSED SF and LF versions available
for use.

Psychosocial form (PF)

Unlike the SF and the LF, the GSED PF has been devel-
oped to index non-normative developmental patterns
that provide a window into early manifestations of chil-
dren’s mental health challenges, including internalising
and externalising behaviour problems and dysregula-
tion (eg, eating and sleeping). Items capturing develop-
mentally normative information about socio-emotional
competencies are included in the GSED SF and LF,
as the SDG 4.2 includes children’s psychosocial well-
being. Because few instruments have been developed
to capture psychosocial difficulties for children under 3
years, little existing data are available and the develop-
ment of the GSED PF is exploratory. The PF initial proto-
type was created through a review of existing measures
of infant and toddler mental health and consensus by
subject matter experts. The GSED PF includes 47 items
and reflects caregiver perceptions of the behaviours’
frequency, using response options: often; sometimes;
never/almost never. Items are divided into two age
groups: 0 to <6and 6 to <36 months.

Contextual and demographic measures

In addition to the GSED, the validation study includes
measures of children’s growth and nutrition, health, envi-
ronmental and contextual information (see table 2 for
measures and sources). The selection of measures was
based on known biological and social determinants of
development,'® the demonstrated validity of the contex-
tual measures in at least one low/middle-income country,
and efficiency for data collection. See online supple-
mental file S2 for visit schedules (online supplemental
tables S2A and S2B).

In three sites (Cote d’Ivoire, The Netherlands and The
People's Republic of China) where administration of the
Home Observation for Measurement of the Environment
Inventory is not feasible, household stimulation data and
caregiver—child activities are collected using Family Care
Indicators. In all sites, a concurrent measure of child
development (Bayley-IIl or Griffiths Mental Develop-
ment Scales) is administered in a subsample of children
to determine concurrent validity of GSED to a well-
established measure of the same construct.

Schedule

Data collection is scheduled over one to three visits
depending on the study site to accommodate rules of
measure administration order and location. The first
administration of the GSED SF and PF is completed at
home (or online in the Netherlands) to test it in the
setting intended for future use (eg, Multiple Indicator
Cluster Surveys or Demographic and Health Surveys)
and prior to administration of the GSED LF. The GSED
LF is administered in a controlled environment (eg,
clinic) to match the required concurrent validity testing
protocols. For the concurrent validation, the GSED and
concurrent measures are administered in the same loca-
tion on different days and counter-balanced in order of
administration.

Training and quality control

Training of local master trainers is performed by the
WHO team for the GSED SF, PF and LF, using slide
presentations, discussion forums, audio—visual aids and
practice exercises. Local master trainers are responsible
for training local field teams using materials adapted and
translated to local languages. Reliable administration of
the GSED measures must be met (inter-rater agreement
with a master trainer of 290%) for certification.

To ensure quality assurance, 10% of all the study
visits are observed by the study supervisor in person (or
through video-recording in the Netherlands), covering
each child age band and certified assessors. Supervisors
independently complete questionnaires being admin-
istered by the assessor and complete a fidelity checklist.
Assessors are given feedback based on checklist score.
Supervisors review quality assurance findings with the
WHO biweekly, along with discussions with the subject
matter experts for further resolution, as needed.
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Table 2 Study measures in addition to GSED

Time for
Administration administer
Construct What the measure captures Measure mode (min)
Child health » Eligibility (exclusion criteria) Eligibility and Caregiver report 35
and household » Demographic information contextual form
socioeconomic status » Information about acute child health (specifically developed
(SES) » Delivery and perinatal conditions for the study)
» Breast feeding
» Child’s health history
» Household socioeconomic status*
» Caregiver education
» Maternal health/chronic illness
» COVID-19 exposure
Anthropometry » Weight at time of assessment Anthropometry form Child assessment 15
» Infant length/child height at the time of
assessment
» Child’s mid-upper arm circumference at
time of assessment
» Child’s head circumference at time of
assessment
Family/home » Home environment (HOME only) Home observation for HOME: caregiver HOME: 45
environment » Play/stimulation/interactions between measurement of the report & FCI: 15
the child and other family members in environment inventory observation
the home (HOME and FCI) (HOME)?® FCI: caregiver
OR family care report
indicators (FC*® +
» Child neglect/abuse Childhood Caregiver report 15
» Exposure to violence or conflict Psychosocial Adversity
Scale (CPAS)*' +
» Family resilience Brief Resilience Scale Caregiver report 1
(BRS)* 1
» Family social support Family Support Scale Caregiver report 5
(FSS)* +
Caregiver health and  » Caregiver depressive symptoms The Patient Health Caregiver report 5
well-being Questionnaire- 9
(PHQ-9)**
Child development » Global child development (0-41 months) Bayley Scales of Direct child 45-60
Infant and Toddler assessment
Development (Bayley-
1% oRr
Griffiths Mental
Development Scales®®
t
» Global child development (24-41 Early Childhood Caregiver report 10
months) Development Index

2030 (ECDI2030)* §

*Socioeconomic information on this form comes from the standard DHS multiple assets index; however, some sites have adapted the
socioeconomic status items to better fit their contexts.

TThese measures have been minorly adapted for the purpose of the study.

FIn a subsample (n=150).

§In a subsample (all children of 24-41 months within the predictive validity subsamples in three countries).

DHS, Demographic and Health Survey; GSED, Global Scales for Early Development.

The GSED application software for data collection has Sample size

built-in data range and consistency checks. Data managers Sample size determination was based on the primary aim
review and resolve issues daily in consultation with the  of assessing the psychometric properties of the GSED.
local field team and/or WHO team. To have sufficient power to estimate measurement
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parameters (abilities and difficulties) needed to calcu-
late the D-score and DAZ scores at baseline and to detect
DIF of 1 logit with a power of 1-f=0.90and a two-sided
significance level of 0=0.05, a sample of n=1248 per site
is required. Given the rapidity of development of chil-
dren at this age, the latent trait is longer than tends to
be found in educational tests which focus on a narrower
ability range. The easiest item in our tool ‘Does your child
smile?” has a difficulty of ~13.2 logits (1.1 on the D-score
scale) and the most difficult item has a difficulty of 8.4
logits (88.86 on the D-Score scale), a 21.6 logit span.
Thus, a one logit difference is not particularly large, given
the length of the latent trait. This sample size was calcu-
lated via optimisation of the sample size at (a) each age/
sex stratum and (b) overall on 1000 simulated datasets
generated from parameters suggested by the Rasch GSED
model. See online supplemental file S1 for additional
details.

Statistical analysis

To construct the scores for the GSED SF and LF, a Rasch
model will be fitted and the item fit statistics (infit and
outfit) will be assessed.'” Any items with unacceptable fit
levels will be removed. Items will be screened for whether
they exhibit unacceptable levels of measurement non-
invariance (ie, they have approximately equal difficulties)
across countries and other contextual variables. Items
exhibiting unacceptable DIF (using the logistic regres-
sion method) will be discarded sequentially, and the item
response models will be refit using the remaining items.
The expected a posteriori (EAP) method'® will be applied
to the final model to estimate the latent ability parameter
(the D-score). Systematic deviations from unidimension-
ality will be tested by performing a principal components
analysis on the residuals of the Rasch model. The method
uses a prior normal distribution with a mean set equal to
the average proficiency at the child’s age and an SD of
5. The ability estimates will be used to estimate prelimi-
nary developmental percentile curves against age using
a Generalized Additive Model for Location Scale and
Shape (GAMLSS). Note that this application of EAP esti-
mates underestimates the true variability in the popula-
tion because EAP estimates—as any measurement—are
always imprecise. In daily practice, analysts will compare
other EAP estimates to the reference. To support this type
of application, we create the references from the EAP
estimates and accept a (perhaps slight) underestimate of
the true variability in child development in the popula-
tion. Following previous methodology," software will be
written to calculate DAZ-scores based on the final dataset
in R,*” and a user-friendly front-end version created in R
(ShinyApp)*' and/or Excel.

Reliability (inter-rater and test-retest) for all GSED
measures will be analysed using intraclass correlation
coefficient (at the score level) and Gwet’s ACI agreement
(at the item level) statistics with 95% CIs to determine
whether items perform reliably within and between asses-
sors.”? A cut-off value of 0.4 and above will be used to flag

items as adequately reliable. Those items with agreement
between 0.4 and 0.5 will be discussed to determine if
modifications can be made to improve their administra-
tion and/or comprehension.

DAZ scores from the GSED SF and LF will be used to
conduct validity analyses to ensure that the measures are
capturing the construct they are purported to measure
(construct validity). Concurrent validity will be assessed
by correlating age-corrected Bayley-III or Griffiths Mental
Development Scales scores with GSED DAZ scores. We
anticipate that these scores will have low to moderate posi-
tive correlations. Convergent validity will be supported
by statistically significant positive correlations (with 95%
CI) between the GSED scores and continuous contextual
measures with prior evidence of association with child
development. Comparisons between ‘known groups’ will
be made using the following variables: maternal educa-
tion, home learning opportunities, home environment,
socioeconomic status, maternal mental health and child
anthropometry, and stunting to determine if scores
discriminate between high and low categories for each
variable using mean DAZ scores.

GSED scores at baseline and follow-up will be correlated
for predictive validity (positive association between base-
line and at 6 months) and mixed-effects linear regression
used to adjust for other contextual covariates and base-
line scores.

Secondary (exploratory) aims

Reference scores

We plan to develop a set of preliminary reference scores
to facilitate comparison of DAZ scores across countries.
From the full validation study sample, a subsample of
children who have not experienced prior exposure to
major known biological and environmental risk factors
is selected (ie, ‘reference subsample’) (table 3). Such an
approach relies on the assumption that the attainment
of basic developmental milestones captured by the GSED
of children who are free of major risk factors is relatively
similar globally.”

To develop the reference scores, we will fit GAMLSS**
to flexibly model both conditional means, conditional
SD of scores, and, if necessary, conditional skewness and
kurtosis. We will test our assumption that the distribution
of scores is equivalent across sites by adding a site indi-
cator at each moment of the distribution, and testing site
effects for their statistical significance. Where possible,
we will conduct standardisation of scores to assist with
the interpretation of scores by pooling data across coun-
tries. We will report the corresponding parameters of the
GAMLSS model at appropriate ages.

Adaptive testing

We will determine whether adaptive testing is a feasible
and valid option to measure child development within
the GSED (box 2). Adaptive testing® is an administration
method that continually adapts to the level of the child’s
performance, thereby reducing test administration
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Table 3 ‘Reference’ subsample exclusion criteria (healthy subsample)

Sample Exclusion criteria

Minimum subsample of 1. Below secondary maternal education (<6 years of schooling)

‘reference’ children per site 2. Birth weight <2500 g

n=522 3. Gestational age <37 completed weeks (259 days) and 242 completed weeks (294 days) (assessed by

ultrasound)

4. Undernutrition (weight for age, length for age, OR weight for height Z score of <-2 on the WHO Child
Growth Standards) at the time of developmental assessment

o o

Known severe congenital birth defect
History of birth asphyxia OR neonatal sepsis requiring hospitalisation

7. Known neurodevelopmental disorder/disability (Severe visual problems, seizures, hearing impairment)
OR other chronic health problems (ie, congenital heart disease)

time. Previous simulations® indicated that theoretically

substantial gains in the precision of scores are possible
when using adaptive testing even if administering fewer
items.

Psychosocial form

The PF measure is in an early stage and will undergo
exploratory and confirmatory factor analyses to assess
the internal scale structure. Associations between items
and factor scores with variables suggesting a high risk
of psychosocial stress, such as family resilience, social
support, and family and community violence, in addition
to GSED SF and LF scores (concurrent validity measures)
will be examined.

ETHICS AND DISSEMINATION

The study complies with the International Ethical Guide-
lines for Biomedical Research Involving Human Subjects®’
and received ethical approval from the appropriate body
in each site (Bangladesh—Projahnmo Research Foun-
dation Institutional Review Board; Brazil—University
Hospital, Sao Paulo (HU-USP); Cote d’Ivoire—Comite
National D’Ethique des Sciences de la Vie et de la

Box 2 Adaptive testing validation methodology
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We investigate the feasibility by applying adaptive testing in addition
to the traditional ‘fixed” GSED administration methods in the subsam-
ple designated for predictive validity analyses (n=502 per site) in three
sites. The adaptive test is executed using tablets that are specially pro-
grammed to continually adjust child’s score after each item is admin-
istered, and to suggest the next item based on the answers already
received (eg, a more difficult item for a child with a higher score, an
easier item for a child with a lower score). Once the programme es-
tablishes a reliable score, the administration is terminated. Both the
adaptive test and the fixed test are administered with the same subsa-
mple during two separate visits alternating the order of administration
to investigate the difference between the two modes of administration.
We will investigate the following: the variance of user experience as a
function of the average difficulty of milestones (leniency); the compar-
ison of the D-score distribution under the adaptive testing procedure
with the D-score distribution under the fixed GSED administration (using
a z-test to assess the equivalence of the two modalities and plotting the
results to show the level of concordance) and relation of the difference
between the two D-scores to background variables.

Sante (CNESVS); Pakistan—The Aga Khan University
Ethics Review Committee; The Netherlands—Institu-
tional Review Board TNO, Netherlands Organisation for
Applied Scientific Research; The People's Republic of
China—IRB of Shanghai Children’s Medical Center Affil-
iated to Shangai Jiao Tong University School of Medicine;
United Republic of Tanzania—Zanzibar Health Research
Institute) and within WHO (protocol GSED validation
004583 approved on 20 April 2020). The findings of the
study will be disseminated following a comprehensive
dissemination strategy to reach a diverse range of stake-
holders at the local, national and international level.

DISCUSSION

The validation of the GSED SF and LF is a meticulous and
systematic global process that introduces an innovative
common metric (the D-score) that countries can use to
track the progress of child development among popula-
tions of young children and will enable countries to adapt,
modify and evaluate their policies and programmes to
ensure that young children are effectively and equitably
reaching their development potential and building the
human capital needed for sustainable development. Addi-
tional attention is required on understanding young chil-
dren’s responses to psychosocial challenges within global
contexts. The exploration of the GSED PF introduces
an important opportunity to capture the non-normative
developmental patterns among young children that are
potential precursors to behaviour and psychiatric prob-
lems. The GSED validation has several important design,
methodological and implementation characteristics that
illustrate the rigour required to validate instruments to
measure child development globally. First, it is conducted
in seven countries with multiple linguistic, cultural and
socioeconomic backgrounds. Second, GSED is imple-
mented through an app-based data collection system that
facilitates the implementation by reducing recording and
transcribing errors and other common pitfalls of paper-
based instruments. Third, this study builds on the best
practices in validation by including a broad spectrum of
psychometric methodologies (concurrent, predictive,
convergent and discriminant validity, test-retest and
inter-rater reliability, DIF and DTF). Fourth, a secondary
aim builds the evidence for the creation of preliminary
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reference scores for the SF and LF, based on a subsample
with minimal exposure to major biological risk factors and
to the extent possible, minimal social and environmental
risk factors. Fifth, we are validating an adaptive testing
design that can streamline administration by tailoring
and reducing the number of items required to obtain a
valid score. Sixth, we are testing a new measure of young
children’s non-normative psychosocial development.

One notable difference between the GSED SF and LF
measures and other instruments of early child develop-
ment is that the GSED measures are based on a unidi-
mensional model of development through measurement
approaches that are universally applicable across cultures.
The measures do not follow the common multidi-
mensional approach with separate scores for different
domains or contexts. Our validation study intends to
demonstrate that this model provides valid, reliable and
interpretable data globally. The GSED SF and LF may
exclude some items that measure development in cultural
or setting-specific ways, because the focus is on selecting
items that are meaningful for understanding child devel-
opment within any given setting. If specific aspects need
to be captured locally, to increase cultural relevance we
suggest that the GSED measures are lightly adapted with
country or culture-specific item props (in agreement with
WHO) and/or through the administration of additional
measures.

There are several limitations to our study. Although
we are validating the GSED in seven countries, including
one high income setting, three sites are resource-limited
(Bangladesh, Pakistan and United Republic of Tanzania).
Additional evidence may be needed in high income coun-
tries to expand the validity and reliability of the GSED
to population-representative samples in additional coun-
tries. Second, the GSED has been created using items that
fit a Rasch model demonstrating developmental progress
across ages 0-3 years.” This univariate model makes strict
assumptions and may exclude items that do not show
strong age gradients or items that measure development
in a culturally-specific ways. Third, GSED was developed
to address population and programmatic level evalua-
tions of early child development globally. The GSED is
presently not being validated for screening or diagnosing
individual children. Finally, our three secondary aims are
exploratory, and will require further research, including
developing global standards to replace our preliminary
reference scores with more specific global norms, as in
the Multi-country Growth Reference Standards for chil-
dren’s weight and height. In the future we plan to collect
additional data from countries using strict inclusion/
exclusion criteria (eg, additional considerations around
environmental risk and protective factors) to further
validate our initial reference scores. Similarly, we plan to
conduct further work to explore the functionality, reli-
ability, validity and invariance of the PF. Lastly, as the GSED
SF and LF scores are meant to be interpreted and used
for population-level measurement, we plan to expand the
work towards understanding of how the GSED package

could be modified and validated to be able to identify
individual children at risk of developmental delays and
disorders.
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Supplementary file 1 — Sample size calculations and sampling frame

The sample size calculation for reliability is based on a confidence interval (CI) approach and the desired

accuracy for the lower bound of the CI for the ICC estimates. In an Analysis of Variance (ANOVA) with

2-way random effects on a single score with 2 observations per subject (following Shrout and Fleiss,

1979) (27) and with a two-sided 95% confidence interval and an expected ICC of 0.875, the lower

confidence interval for the inter-rater reliability sample (N=90) = 0.852. With the same parameters but an

expected ICC of 0.90 the lower confidence interval for the test-retest reliability sample (N=50) is 0.830.

We expect the ICC to be higher for the test-retest reliability than the inter-rater reliability as inter-rater
estimates contain all the sources of error in the test-retest estimates, plus additional error between

assessors (14).

To assess concurrent validity, a sample size of 150 per site produces a two-sided 95% CI 0.15-0.44, when

the estimate of Pearson's product-moment correlation is 0.30, with an equal spread of participants tested

across age and sex. The CI will be narrower when the data are combined across all seven countries. To

assess predictive validity a sample size of 404 produces a two-sided 95% CI 0.65-0.75 when the estimate

of Pearson’s product-moment correlation is 0.70 between individual scores at baseline and at the 6-month

follow-up. Allowing 20% dropout at follow up, a sample size of approximately 500 participants is
required.

Table S1. Sampling Frame

Sample size per site by age and sex for total population (n=1248) which includes a minimum subsample of healthy
‘reference’ children (n=522)

Minimum sub- Predictive Reliability: Reliability: Concurrent
Total ample of validity sample Inter-rater Test-Retest validity
Age (Days) Sex Sample :efell"elelge (6-month follow-
size . up; age at
children B
baseline)
1520 Male 40 20 8 2 ! 4
Female 40 20 8 2 ! 2
Sl Male 40 12 8 ! ! 2
Female 40 12 8 2 ! 2
2O Male 40 10 8 2 ! 2
Female 40 10 8 ! 0 4
92-122 Male 36 9 8 2 1 5
Female 36 9 8 2 ! 2
123-152 Male 3 ] 8 1 1 5
Female 32 8 8 2 ! 2
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153-183 Male 8 ] 8 1 0 4
Female 28 8 8 ! ! 2
184-213 Male 25 7 8 2 1 5
Female 25 7 8 ! 0 2
214-244 Male 23 7 8 1 1 )
Female 23 7 8 2 ! 4
245-274 Male 1 6 8 1 1 )
Female 21 6 8 ! ! 2
275-304 Male 19 6 8 2 0 P
Female 19 6 8 ! ! 2
305-335 Male 17 6 8 1 1 4
Female 17 6 8 2 0 2
336-365 Male 16 6 7 1 1 )
Female 16 6 4 ! ! 2
366-396 Male 14 6 7 2 1 )
Female 14 6 7 ! ! 4
397-426 Male 13 6 7 1 0 P
Female 13 6 ! 2 ! 2
427-457 Male 12 5 7 1 1 )
Female 12 5 ’ ! 0 2
458-487 Male 11 5 7 2 1 4
Female 11 5 7 ! ! 2
488-517 Male 11 5 7 1 1 5
Female 11 5 ’ 2 ! 2
518-548 Male 10 5 7 1 0 5
Female 10 5 l ! ! 4
549-578 Male 9 5 7 2 1 5
Female 9 5 7 ! 0 2
579-609 Male 9 5 7 1 1 )
Female 9 5 7 2 ! 2
610-639 Male 9 5 7 1 1 4
Female 9 5 7 ! ! 2
640-670 Male 9 5 7 2 0 )
Female 9 5 7 ! ! 2
671-700 Male 9 5 7 1 1 )
Female 9 5 7 2 0 4
701-730 Male 9 5 7 1 1 )
Female 9 5 7 ! ! 2
731-761 Male 9 5 7 2 1 5
Female 9 5 7 ! ! 2
762-791 Male 9 5 6 1 0 4
Female 9 5 6 2 ! 2
792-822 Male 9 5 6 1 1 5
Female 9 5 6 ! 0 2
823-852 Male 9 5 6 2 1 5
Female 9 5 6 ! ! 2
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853-883 Male 9 5 6 1 1 5
Female 9 5 6 2 ! 2
884-913 Male 9 5 6 1 0 2
Female 9 5 6 ! ! 2
914-944 Male 9 5 6 2 1 5
Female 9 5 6 ! 0 2
945-974 Male 9 5 6 1 1 5
Female 9 5 6 2 ! 2
975-1004 Male 9 5 6 1 1 5
Female 9 5 6 ! ! 2
1005-1035 Male 9 5 6 2 0 5
Female 9 5 6 ! ! 2
1036-1065 Male 9 5 6 1 1 5
Female 9 5 6 2 0 2
1066-1096 Male 9 5 6 1 1 5
Female 9 5 6 ! ! 2
1097-1126 Male 9 5 0 0 0 0
Female 9 5 0 0 0 0
1127-1157 Male 9 5 0 0 0 0
Female 9 5 0 0 0 0
1158-1187 Male 9 5 0 0 0 0
Female 9 5 0 0 0 0
1188-1218 Male 9 6 0 0 0 0
Female 9 6 0 0 0 0
1219-1248 Male 9 6 0 0 0 0
Female 9 6 0 0 0 0
1249-1279 Male 9 7 0 0 0 0
Female 9 7 0 0 0 0
TOTAL 1248 522 504 *99 *%kg55 **k¥ 166

*90 + ~10% Loss to follow up =99; **50 + ~10% Loss to follow up =55; ***150 + ~10% Loss to follow up = 166
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Supplementary file 2 — Visit schedule

Table S2a.Visit Schedule for the GSED Validation Study (all sites except the Netherlands)

Main Study Only
[No Sub-sample]

Inter- Rater
[Reliability Sub- Sample

[Test- Retest
[Reliability Sub- Sample

IConcurrent Sub- Sample 1
[LF First]

(Concurrent Sub- Sample 2
[BSID III First]

Visit 1 [At Home]

Eligibility and Consent

[Eligibility and Consent

[Eligibility and Consent

Eligibility and Consent

Eligibility and Consent

(COVID Questionnaire

ICOVID Questionnaire

ICOVID Questionnaire

ICOVID Questionnaire

ICOVID Questionnaire

(Contextual

(Contextual

(Contextual

Contextual

Contextual

GSED Short form [SF]

IGSED Short form [SF]

IGSED Short form [SF]

IGSED Short form [SF]

(GSED Short form [SF]

(GSED Psychosocial
form [PF]

IGSED Psychosocial
form [PF]

IGSED Psychosocial
form [PF]

IGSED Psychosocial
form [PF]

(GSED Psychosocial
form [PF]

[HOME Inventory or Family
(Care Indicators (FCI)

IHOME Inventory or Family|
(Care Indicators (FCI)

IHOME Inventory or Family
(Care Indicators (FCI)

HOME Inventory or Family
Care Indicators (FCI)

IHOME Inventory or Family
Care Indicators (FCI)

(Anthropometrics*

|Anthropometrics*

|Anthropometrics*

|JAnthropometrics*

|Anthropometrics*

Visit 2 [At home, clinic, or other setting within 48 hours of visit 1]
Note: For Concurrent Sample, the Visit is at the Clinic setting

[Abbreviated Eligibility [

[Abbreviated Eligibility [

IAbbreviated Eligibility [

IAbbreviated Eligibility [

[Abbreviated Eligibility [

Coversheet] ICoversheet] ICoversheet] Coversheet] Coversheet]

(GSED Long form [LF] IGSED Long form [LF] IGSED Long form [LF] IGSED Long form [LF] BSID 111

CPAS ICPAS ICPAS A | —
PHQ9 IPHQ9 IPHQ9 PHOQY
Family support & Resilience[Family support & [Family support & BN S A [ ——

Scale

IResilience Scale

IResilience Scale

Resilience Scale

Visit 3 [Setting and timing vary by sub-sample]

Visit 3 not required

Visit 3 [At home, clinic or
other setting where the LF
was completed- within

24 hours of the LF]

Visit 3 [At home, clinic or

other setting where the LF

'was completed- this should
thappen 7 to 10 days

after LF]

Visit 3 [Clinic setting
(within 24- 72 hours of the
LF- can be done at same
time as Visit 2 — taking
child fatigue into

Visit 3 [Clinic setting

within 24- 72

hours of the BSID III - can
be done at same time as Visit
2 — taking child fatigue into

consideration] consideration]
|Abbreviated Eligibility [  |Abbreviated Eligibility [ IAbbreviated Eligibility [ [Abbreviated Eligibility [
ICoversheet] ICoversheet] Coversheet] Coversheet]
IGSED Short form [SF] IGSED Short form [SF] BSID III IGSED Long form [LF]

IGSED Psychosocial IGSED Psychosocial | = ——mmmmeemmmeee o CPAS
form [PF] form [PF]
IGSED Long form [LF] IGSED Long form [LF] |  ——-mmeeemmmeeem - IPHQ9

Family support & Resilience

Scale

* Anthropometrics may be done either at visit 1 or visit 2
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Table S2b: Visit Schedule for the GSED Validation Study (the Netherlands only)

Main Study Only [No Sub-
sample]

Inter- Rater
Reliability Sub- Sample

Test- Retest
Reliability Sub- Sample

IConcurrent Sub-
Sample 1 [LF First]

Concurrent Sub- Sample 2
[BSID III First]

Session 1 [Online]

Eligibility and Consent

Eligibility and Consent

Eligibility and Consent

Eligibility and Consent

Eligibility and Consent

(Contextual

(Contextual

(Contextual

Contextual

Contextual

GSED Short form [SF]

IGSED Short form [SF]

GSED Short form [SF]

IGSED Short form [SF]

(GSED Short form [SF]

(GSED Psychosocial IGSED Psychosocial IGSED Psychosocial IGSED Psychosocial (GSED Psychosocial scale [PS]
scale [PS] scale [PS] scale [PS] scale [PS]
Visit 1 [At clinic within 48 hours of session1]

[Abbreviated Eligibility [

|Abbreviated Eligibility [

|Abbreviated Eligibility [

IAbbreviated Eligibility [

[Abbreviated Eligibility [

Coversheet] ICoversheet] ICoversheet] Coversheet] Coversheet]

(GSED Long form [LF] IGSED Long form [LF] IGSED Long form [LF] IGSED Long form [LF] |BSID III

[Anthropometrics IAnthropometrics IAnthropometrics |JAnthropometrics [Anthropometrics
Session 2 [Online, Test-Retest of SF/PSY within 7 to 10 days of online session 1]

[Abbreviated Eligibility [
Coversheet]

|Abbreviated Eligibility [
ICoversheet]

|Abbreviated Eligibility [
ICoversheet]

|Abbreviated Eligibility [
Coversheet]

[Abbreviated Eligibility [
(Coversheet]

(COVID Questionnaire ICOVID Questionnaire ICOVID Questionnaire ICOVID Questionnaire  [COVID Questionnaire
—————————————————————————————————————————————— IGSED Short form [SF]
—————————————————————————————————————————————— IGSED Psychosocial
scale [PS]
CPAS ICPAS ICPAS ICPAS CPAS
PHQ9 IPHQ9 IPHQ9 PHQ9 PHQ9
Family support & Resilience[Family support & [Family support & Family support & Family support & Resilience

Scale

[Resilience Scale

[Resilience Scale

Resilience Scale

Scale

[Family Care Indicators
(FCT)

[Family Care Indicators
(FCI)

[Family Care Indicators
(FCI)

Family Care Indicators
(FCT)

[Family Care Indicators (FCI)

Visit 2 [At clinic, timing varies by sub-sample]

Visit 2 not required

Visit 2 [within 24 hours of
the LF]

Visit 2 [7 to 10 days
after LF]

|Visit 2 [within 24- 72
hours of the LF- can be
done at same time as Visit]
1 — taking child fatigue
linto consideration]

Visit 2 [within 24- 72

hours of the BSID III - can be
done at same time as Visit 1 —
taking child fatigue into
consideration]

|Abbreviated Eligibility [
ICoversheet]

|Abbreviated Eligibility [
ICoversheet]

JAbbreviated Eligibility [
Coversheet]

[Abbreviated Eligibility [
Coversheet]

IGSED Long form [LF]

IGSED Long form [LF]

BSID III

GSED Long form [LF]
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