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Abstract

Background: Adaptation of standardized early child development (ECD) assessments to low- and middle-income
countries can be challenging because of culture-specific factors relating to language, content, context, and tool
administration, and because the reliance of these tests on specialist healthcare professionals limits their scalability in
low resource settings.

Methods: We report the cross-cultural adaptation of an international, standardized ECD instrument, the INTER-
GROWTH-21st Project Neurodevelopment Assessment (INTER-NDA), measuring cognitive, language, motor and
behavioural outcomes in 2-year-olds, from a UK-based English-speaking population to the English-speaking Carib-
bean. Children aged 22-30 months were recruited from a pre-existing randomized controlled neurodevelopment
intervention study in Grenada, West Indies.

Results: Eight of 37 INTER-NDA items (22%) were culturally and linguistically adapted for implementation in the
Caribbean context. Protocol adherence across seven newly-trained non-specialist child development assessors was
89.9%; six of the seven assessors scored >80%. Agreement between the expert assessor and the non-specialist child
development assessors was substantial (k =0.89 to 1.00 (95% Cl [0.58, 1.00]). The inter-rater and test-retest reliability
for non-specialist child development assessors was between k=0.99 -1.00 (95% CI [0.98, 0.99]) and k=0.76 - 1.00
(95% (1 [0.33, 1.00]) across all INTER-NDA domains.

Conclusions: The current study provides evidence to support the use of the adapted INTER-NDA by trained, non-
specialist assessors to measure ECD prevalence in the English-speaking Caribbean. It also provides a methodological
template for the adaptation of child developmental measures to cultural and linguistic contexts that conform to

the cultural standards of the countries in which they are utilized to aid in the measurement of neurodevelopmental
impairments (NDIs) in a variety of global clinical settings.
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Background
An estimated 249.4 million children under the age of five
years, in low and middle-income countries (LMICs), are
at risk of failing to achieve their full neurodevelopmen-
tal potential [18, 23]. There is considerable evidence of
higher incidence and prevalence of neurodevelopmental
impairment in LMICs compared to high-income coun-
tries [9, 18, 23]. The measurement of children at risk of
neurodevelopmental impairment (NDI) is essential to
providing interventions to children at highest risk, espe-
cially in LMIC settings where healthcare resources are
often limited [14]. Moreover, quantification of NDI bur-
den in and across populations is the first important step
in measuring its long-term impact and evaluating the
effectiveness of intervention strategies. Nevertheless, epi-
demiological data on normative child development are
sparse or non-existent in many parts of the world, par-
ticularly in those areas where children are most at risk
[3]. This creates challenges for early child development
(ECD) surveillance in LMICs, where ECD outcomes in
children from disparate geographical and/or cultural
contexts are evaluated using instruments that have not
been subjected to a rigorous standardization, adaptation
and cultural-customization process for use in these set-
tings. This is particularly significant in ECD assessments
because social, cultural and language-related factors can
adversely affect a child’s understanding of a test item and
his/her subsequent performance on the ECD measure
[30]. The use of inadequately adapted ECD assessment
tools, at a population-health level, could result in over-
or under-estimation of the prevalence of NDIs and, at an
individual level, result in the misclassification of children
as being at risk (or not) of NDIs. The life-course and pub-
lic health consequences of either outcome are significant.
It is important to have a reliable ECD assessment tool
that can be utilized to screen and assess the neurode-
velopment of children residing in LMICs, as it enables
healthcare systems residing in LMICs to: (1) conduct
primary screenings, such as those held at daycare centers
or local schools, to identify children at risk for NDIs; (2)
refer children identified to be at risk for NDIs to primary
and secondary healthcare settings, such as their primary
healthcare provider or local rehabilitation clinic, respec-
tively; and (3) assess the changes in functioning associ-
ated with newly-developed interventions that have been
implemented either as a part of community-based or
institution-based programs that aim to reduce the preva-
lence of NDIs within the country.

The importance of cross-cultural adaptation of ECD
instruments, their adequate translation in the context of
colloquialisms and accents; and the robust evaluation of
adapted instruments has been highlighted in the World
Bank’s Toolkit for the assessment of ECD in children aged
under five years in LMICs [11, 12]. The Toolkit encour-
ages cross-cultural adaptations because the data from
the ECD assessments can provide tremendous develop-
mental insight in areas where formal testing is unavail-
able, or rarely practiced. Measures that are not amended
tend to demonstrate biases and poorer performance lev-
els because some items do not function in the same man-
ner across cultures [11]. Moreover, the interpretation of
unfamiliar phraseology and its linkage to familiar lexical
items to express roughly the same concept, are executive
functions that can only be expected to emerge during
mid to late childhood [10]. It is widely acknowledged that
sociolinguistics is critically important when administer-
ing a standardized assessment within a culture, includ-
ing within the same language, as pronunciation, tonality,
sentence placement and the words themselves are very
important in language processing [15].

One region in which there is limited data on ECD is the
700-island Caribbean basin with a regional population of
44 million [34]. Of the 33 countries and individual terri-
tories in the region, ten of these are classified as LMICs
[38]. Previously, tropical infections represented the
greatest disease burden in the region, however in recent
years the burden has shifted to chronic diseases (during
adulthood) and ECD disorders, including NDIs (dur-
ing childhood) [27]. Importantly, the few coordinated
efforts to assess individual or groups of young children
in the Latin American and Caribbean region suggest that
approximately 15% of children are at high risk of NDIs
[23]. Despite this, there are, to our knowledge, no ECD
tools adapted to and standardized in the cultural and lin-
guistic context of the English-speaking Caribbean. We
hypothesize that there are no culturally-adapted ECD
assessments specifically for children living in the Car-
ibbean because the region’s residents speak dialects of
English, French or Spanish. European and American
instruments have been directly exported there without
a consideration of how linguistic and cultural differences
between these disparate geographical and social popu-
lations might influence the test delivery and children’s
performance.

The current study addresses this methodological gap
in ECD measurement in the Caribbean by, for the first
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time, (1) adapting (from British to Caribbean English)
and culturally customizing a rapid, multi-dimensional,
international, standardized ECD instrument, The INTER-
GROWTH-21st Neurodevelopment Assessment (INTER-
NDA), for the measurement of cognitive, motor, language
and behavioral outcomes in young Caribbean chil-
dren, (2) comparing the psychometric properties of the
adapted to the original tool and (3) evaluating the ability
of non-specialist child development assessors to admin-
ister and score the adapted version of the INTER-NDA.

Methods

Study location

The study was carried out in the tri-island nation of
Grenada, West Indies. Grenada has been an independ-
ent English-speaking nation since 1974. Twenty-three
percent of Grenada’s population is under 15years of age
[17]. Throughout the region, approximately half of all
households are headed by a single parent [1]. Despite its
ranking as an upper middle-income country, approxi-
mately a third of its 112,000 residents live in poverty.
Unemployment is reported at 20% and the nation’s debt
ratio of 110% GDP ranks second worldwide [37]. The
gross national income per capita was reported at $11,650
United States Dollars in 2014 [37]. Ethnically, more than
80% of the population identifies as Afro-Caribbean; the
remainders are of mixed, or East Indian ancestry [5].

Child development assessors sample

The characteristics of the seven non-specialist child
development assessors are described in Table 1. All of
the assessors were female and native Caribbean-English
speakers. Five of the assessors were Caribbean nationals
and two were American citizens. None of these assessors
were psychologists or healthcare professionals, and none
had a formal education beyond an undergraduate degree.
Their income, representative of their socioeconomic
status, was equivalent to Grenada’s 2014 gross national
income per capita at $11,750 United States Dollars [37],
adjusted for inflation.

Table 1 Characteristics of non-specialist child developmental
assessors (n=7)

Characteristic N (%) or Mean (SD)

Age 29.8(10.8)

Sex (Female) Female — 7 (100%)
Male - 0 (0%)

Number of years of Education 223 (3.1)

Native language (Caribbean-English) 7 (100%)

Caribbean - 5 (71.4%)
American - 2 (28.6%)

Ethnicity
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Inter-rater and test-retest reliability sample - child
participants

To evaluate inter-rater and test-retest reliability of the
adapted INTER-NDA, each of the seven non-specialist
child developmental assessors assessed three children,
for a total of 21 child participants. Children ranged from
22 to 30months old and were recruited from the “Sav-
ing Brains Grenada” project — a randomized controlled
trial study assessing the impact of a Conscious Discipline
intervention on reducing corporal punishment rates and
improving neurodevelopmental outcomes among Grena-
dian children [22]. The 21 children included in the asses-
sor training were recruited from four day-care centers
around the capital city of St. George’s and were randomly
assigned to a child development assessor for evaluation.
The majority were female (52.4%), and all the children
were Afro-Caribbean and spoke English as their native
language (Table 2).

Internal consistency sample - child participants

To evaluate the Internal consistency of the adapted
INTER-NDA, #n=145 children between 22 and
30months old were recruited from the “Saving Brains
Grenada” project and assessed on the INTER-NDA. A
detailed description of this project and its methodology
has been published elsewhere [36]. The children were
recruited from communities across Grenada via a com-
munity based ECD outreach program called The Rov-
ing Caregivers. The sample size (n=145) is consistent
with that recommended by the Toolkit for Measuring
Early Child Development in Low- and Middle-Income
Countries [12]. The sample consisted of majority female
(n=53.8%), all were Afro-Caribbean, all but one spoke
English as a native language, and the average child age
was 26 months (SD =2.21 months) (Table 3).

Measures

The INTERGROWTH-21st project neurodevelopment
assessment (INTER-NDA)

The INTER-NDA is a comprehensive, rapid assess-
ment of cognition, (fine and gross) motor skills, lan-
guage and (positive and negative) behavior for children
aged 22-30months (Additional file 1) [14]. Its 37 items

Table 2 Characteristics of inter-rater and test-retest reliability
sample of child participants (n=21)

Characteristic N (%) or Mean (SD)

Child Sex Female — 11 (52.4%)

Male - 10 (47.6%)
Afro-Caribbean - 21 (100%)

English — 21 (100%)
22-30

Child Ethnicity (Caribbean)

Child Native language
Child Age (Range, months)
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Table 3 Characteristics of internal consistency sample of child
participants & their caregivers (n = 145)

Characteristic N (%) or Mean (SD)

Child Sex Female — 78 (53.8%)

Male - 67 (46.2%)
Afro-Caribbean — 145 (100%)

English - 144 (99.3%)
Nigerian — 1 (0.7%)

26 (2.21)

Primary School - 30 (21.0%)
Secondary School - 68 (47.5%)
Tertiary — 45 (31.5%)

18-24 - 32 (22.1%)
25-30 - 53 (36.5%)
31-38 - 47 (32.4%)
Over 38 - 13 (9.0%)

Under $500 - 18 (12.8%)
$500-$1000 - 59 (41.8%)
$1000-52000 - 31 (22.0%)
$2000+ — 33 (23.4%)

Child Ethnicity
Child Native language

Child Age (Months)
Maternal Education

Maternal Age

Household Monthly Income (Eastern
Caribbean Dollars — XCD)

Gestation (Weeks) 39.12 (2.26)

Complications During Birth Yes — 12 (8.3%)
No - 133 (91.7%)

Post-Birth Iliness or Health Problems Yes — 23 (15.9%)
No — 122 (84.1%)

are administered using a combination of psychometric
techniques (direct administration, concurrent obser-
vation and caregiver reports) in approximately 15min.
Children’s performance on the INTER-NDA is scored
across a spectrum of abilities, rather than on a prede-
fined checklist and, therefore, affords a wider description
of a child’s faculties. It has been reported to have strong
agreement with the Bayley Scales of Infant and Toddler
Development III edition, (BSID-III) (interclass correla-
tion coefficients 0-75-0-88, p <0-001 for all domains with
little to no bias on Bland Altman analysis); satisfactory
internal consistency (Cronbach’s alpha 0.56-0.81) and
good unidimensionality across subscales (Comparative
Fit Index=0.90; Tucker-Lewis Index=0.94) and good
levels of inter-rater (k=0-70; 95% CI 0-47 to 0-88) and
test—retest reliability (k=0-79; 95% CI 0-48 to 0-96) [13,
24].

The INTER-NDA is designed for use across socioeco-
nomic groups and populations. Its operation manual,
standardization protocol and forms are freely available
at www.intergrowth21.org.uk. The kit consists of com-
mon household items encountered across the world. The
INTER-NDA was developed in 2014 by the International
Fetal and Newborn Growth Consortium for the twenty-
first Century INTERGROWTH-21st) Project, a popula-
tion-based, longitudinal study in five countries, including
Brazil, India, Italy, Kenya, and the United Kingdom [35].
In all INTERGROWTH-21st Project study sites, the
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INTER-NDA was translated into the local languages of
the sites using the WHO Mental Health Initiative trans-
lation guidelines, which included processes of cultural
customization, translation and back translation [14]. The
INTER-NDA’s norms are international standards (rather
than population-specific references that are adapted for
use in the Caribbean) for child development at 2years of
age, constructed from the INTERGROWTH-21st Pro-
ject population using, the WHO’s prescriptive methodol-
ogy. Scaled INTER-NDA domain scores are interpreted
against the INTER-NDA'’s standards to ascertain a child’s
risk of no (>10th centile), mild-to-moderate (3rd to 10th
centile) or severe (<3rd centile) neurodevelopmental
delay for each of the domains [14].

Training of child development assessors

Seven non-specialist child development assessors were
trained in the INTER-NDA in Grenada over a five-day
period by the developer of the INTER-NDA (MF) who is
a UK-based paediatrician, and who served as the expert
assessor (expert) for the purpose of this study. During
the training process, importance was paid to the con-
ceptual basis of each item, the accurate administration of
tasks to the child, as well as the accurate and objective
reporting of the child’s performance on each item. All
sessions were video recorded, and the expert observed
the trainee-assessors carrying out three assessments each
on 22-30-month-old children, randomly assigned. After
these sessions, the expert provided each trainee-assessor
with feedback on their administration and scoring of the
INTER-NDA and on their interaction with the child and
the caregiver.

INTER-NDA adaptation process to the Caribbean context

The process of the linguistic and cultural adaptation of
the INTER-NDA was undertaken on day three of the
training, after each trainee-assessor had assessed at least
one child, and involved all trainee-assessors, the study
PIs and the expert assessor. This process adhered to the
previously published, recommended guidelines for the
adaptation of an ECD instrument [11]. The process con-
sisted of the following steps:

1. The trainee-assessors and Pls evaluated each of the
37 INTER-NDA items for linguistic and cultural rele-
vance. Items considered to benefit from amendments
to fit the local context were identified.

2. The trainee-assessors proposed alternatives to the
phraseology of the items identified above. These
options were discussed with the study PIs and expert
assessor. Each option was scrutinized for contex-
tual relevance by the trainee and expert assessors;
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any conflicts identified were discussed among all the
assessors and alternative phraseology was proposed.

3. The eight adapted items were compared to the origi-
nal INTER-NDA items by the expert assessor to con-
firm conceptual equivalence in accurately screening
for NDIs. Conflicts identified were discussed with the
trainee-assessors, alternative phraseology was con-
sidered and the process of assessment for contextual
and conceptual equivalence repeated until a consen-
sus was achieved.

4. The final list of adapted items were included into the
measure and piloted on children aged 22-30 months.

Evaluation of the INTER-NDA’s administration and scoring

by non-specialist child development assessors

Each non-specialist child developmental assessor was
evaluated for their ability to (1) administer and (2) score
the INTER-NDA in a standardized manner according
the INTERGROWTH-21st Project protocols. To assess
their ability to administer the INTER-NDA in a stand-
ardized manner, each non-specialist child development
assessor was rated for protocol adherence on the INTER-
GROWTH-21st Project’s INTER-NDA protocol adher-
ence checklist (Additional file 2; http://www.medscinet.
net/Intergrowth/patientinfodocs/Standardisation%20Pro
tocol.pdf) by the six other non-specialist child develop-
mental assessors and the expert assessor. The agreement
between each trainee-assessors’ INTER-NDA scores was
compared with the expert’s INTER-NDA scores, across
INTER-NDA domains, for the four video recordings of
the INTER-NDA described in the reliability experiment
above. Protocol adherence scores were summed across all
the items to yield an overall INTER-NDA protocol adher-
ence score for each trainee-assessor, from which protocol
adherence percentages (range 0-100%) were calculated.
The agreement between INTER-NDA domain scores,
measured on the adapted INTER-NDA, was compared
between trainee-assessors and the expert using kappa
coefficients [6, 7].

Statistical analysis - assessment of psychometric properties
of the adapted INTER-NDA

All data were analysed in SPSS Statistics v21.0.0.001BM
Corp. Inter-rater and test-retest reliability between
INTER-NDA scores across domains was determined for
each trainee-assessor based on their scoring of four vid-
eos of the expert assessor administering the INTER-NDA
to two-year old children. The second and fourth videos
were identical, and trainee-assessors scored these videos
separately, without access to the scores of video 1, allow-
ing an assessment of test-retest reliability. Discussion
between trainee-assessors and replaying of sections of
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the videos was not permitted. The video-based approach
was selected over a conventional real-time approach to
ensure that the child’s scores were not affected by: (i) anx-
iety about performance in the presence a large number
of assessors; and (ii) inability of assessors to hear and see
the child’s performance uniformly at all times during the
assessment. This approach has been previously used in
the INTERGROWTH-21st Project for reliability assess-
ments [14, 24]. Each trainee-assessor administered the
INTER-NDA on three children, randomly assigned, Test-
retest and inter-rater reliability for the adapted INTER-
NDA, across domains, was quantified using kappa
coefficients [6, 7]. Kappas of 0.81 and above are consid-
ered representative of almost perfect agreement, kappas
of 0.61 - 0.80 as substantial agreement, kappas of 0.41 -
0.60 as moderate agreement, kappas of 0.21 - 0.40 as fair
agreement, and kappas of 0.20 and below as poor agree-
ment [7]. Internal consistency was determined for each
INTER-NDA domain by calculating Cronbach’s alphas
on a separate group of n=145 children between 22 and
30months of age [4]. Cronbach’s alpha values were con-
sidered “good” if they were above a threshold of 0.7 [32].

Ethics

The Institutional Review Board at St. George’s University
approved the study (IRB #14066). All research personnel
involved in the study completed the National Institutes of
Health Office of Extramural Research Protecting Human
Research Participants online course. Parents/guard-
ians provided informed written consent on behalf of the
participating children. Participating child development
assessors provided informed written consent.

Results

Adaptation of the INTER-NDA to the English-speaking
Caribbean context

Following the evaluation of each of the 37 INTER-NDA
items for linguistic and cultural relevance, eight items
were identified to benefit from amendments to fit the
local context. These were adapted to meet the study’s
requirements of cultural and linguistic prevalence, and
the resulting amendments were scrutinized for concep-
tual equivalence with the corresponding original items of
the INTER-NDA by the expert. The adaptations, as well
the justifications for these, are presented in Table 4.

Psychometric properties of the adapted INTER-NDA

The inter-rater and test-retest reliability across all
domains of the INTER-NDA, as determined by the
assessments of #=21 children by the seven non-special-
ist child developmental assessors, is presented in Table 5.
Inter-rater reliability and test-retest reliability among
the seven assessors ranged between k=0.99 - 1.00, 95%
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CI [0.98, 0.99] and k=0.76 - 1.00 (95% CI [0.33, 1.00])
respectively, across all domains of the INTER-NDA, rep-
resenting fair to near-perfect agreement [7]. The Cron-
bach’s alpha scores for the sample of =145 children
are presented in Table 6. These were near-perfect for
the cognitive (a=0.84), language («=0.84) and posi-
tive behavior (a«=0.90) domains, substantial for the fine
motor («=0.62) domain, and fair for the negative behav-
ior (a=0.31) domain. The Cronbach alpha score is not
reported for the gross motor domain because one of the
3 items that make up this domain showed ceiling effects,
greatly reducing confidence in the accuracy of the score.
The corresponding internal consistencies of the original
INTER-NDA, previously published, are also presented in
Table 6 for comparison [24].

Evaluation of the INTER-NDA’s administration and scoring
by non-specialist child development assessors
The protocol adherence scores of non-specialist child
development assessors in the context of the administra-
tion of the adapted INTER-NDA ranged between 70.5
and 100% (n=7, M=89.9%, SD=10.1%) (Table 7).
Agreement between the expert and the non-specialist
child development assessors is presented in Table 5 and
ranged between k=0.89 and k=1.00 (95% CI 0.58, 1.00)
representing almost perfect agreement [7].

Discussion

This study presents, to our knowledge, the first adapta-
tion of the INTER-NDA to the linguistic and cultural
context of the Caribbean, making the INTER-NDA the
first ECD measure specifically adapted for use in the Eng-
lish-speaking Caribbean. The adapted INTER-NDA is
very similar to the original INTER-NDA, with linguistic
and cultural adaptations in 8 of the 37 items while simul-
taneously maintaining conceptual equivalence between
the original and adapted versions. The inter-rater and
test-retest reliability of the adapted INTER-NDA, and
its internal consistency, were satisfactory across domains
and comparable to the original INTER-NDA. Impor-
tantly, especially in the context of LMIC settings, we also
showed that the adapted INTER-NDA can be adminis-
tered and scored by non-specialist child development
assessors at high levels of protocol adherence and agree-
ment with an expert specialist assessor.

The results of this study provide evidence to support
the use of the adapted INTER-NDA to measure ECD
prevalence in the English-speaking Caribbean and for
non-specialist child development assessors, trained and
standardized in the INTER-NDA, to use the tool to con-
duct ECD evaluations. Previous studies have shown that
the INTER-NDA can be administered in school settings
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in Mexico, and in research settings in Brazil, India, Italy,
Kenya and the UK, by non-specialist assessors at high
levels of reliability and protocol adherence [14, 31]. These
studies have focused on the translation, back translation
and cultural adaptation of the INTER-NDA, developed
initially in British English, into non-English languages.
This study extends this work by culturally and linguis-
tically adapting the INTER-NDA for use in an English-
speaking, yet culturally and geographically diverse, LMIC
population, i.e. the English-speaking Caribbean. Moreo-
ver, we have presented a methodological template for this
process, which we hope can be applied to the adaptation
and subsequent pilot testing of other ECD tools for use in
various Caribbean settings.

Strengths and limitations of the study

This study is important in a number of ways. First, con-
sideration was given to different lexical items to express
similar concepts in British and Creole English; for exam-
ple, “throw” and “pelt”; “cubes” and “blocks”; and “teapot”
and “kettle. This is particularly necessary in the Grena-
dian context where children are more familiar with Cre-
ole English, rather than British English, during early life.
Second, care was taken to ensure that the components
of the INTER-NDA’s kit were familiar to Caribbean chil-
dren, and commonly encountered in Caribbean house-
holds. The use of items unfamiliar to the average child’s
repertoire of household and play-related exposures, such
as a puffed rice grain or a maize bean [16, 19]; or items
which the child may be forbidden from playing with, such
as a matchbox [16], are commonly overlooked factors
that can skew ECD assessment results. Third, we assessed
whether non-specialist child development assessors, in
the Caribbean context, can measure ECD outcomes on
the adapted INTER-NDA. In LMIC settings where reli-
ance for ECD assessments on specialist professionals for
their administration, scoring and interpretation is one of
the key rate-limiting steps to the scalability of ECD sur-
veillance and for the identification of children at risk who
may benefit from interventions. Although non-specialists
have been previously shown to administer and score the
INTER-NDA reliably, this study is, to our knowledge, the
first effort to assess this in a Caribbean setting and pro-
vides evidence to support ECD evaluations in Grenada by
non-specialist child development assessors.

There are a number of limitations to consider. First,
the sample size used to determine inter-rater reliability
and test-retest reliability was small — 7 trainee-asses-
sors performed 3 randomly-assigned child assessments
each, for a total of 21 assessments. Thus, test-retest
reliability and inter-rater reliability statistics should
be interpreted with caution. Second, this study was
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Table 5 Reliability assessments
INTER-NDA Subscale Inter-rater Test-retest Agreement between non-

Reliability Reliability specialist assessors and expert

K 95% Cl K 95% Cl K 95% Cl
Cognition 1.00 - 0.97 [0.76, 1.00] 0.96 [0.71,1.00]
Language 0.99 [0.98,0.99] 0.81 [0.61,1.00] 1.00 -
Gross Motor 1.00 - 1.00 - 0.94 [0.58, 1.00]
Fine Motor 1.00 - 0.94 [0.56, 1.00] 1.00 -
Positive Behavior 0.99 [0.98,0.99] 1.00 - 0.92 [0.59, 1.00]
Negative Behavior 1.00 - 0.81 [0.33, 1.00] K 95% Cl
Total INTER-NDA 0.99 [0.98,0.99] 0.86 [0.74,1.00] 0.90 [0.64, 1.00]

k=kappa coefficient, Cl=confidence interval, Cls not reported for domains that show perfect agreement (k= 1.00)

carried out in Grenada, and while socio-cultural simi-
larities exist among Caribbean nations, the adapted
INTER-NDA should be piloted and assessed in other
Caribbean settings to establish firmer reliability. Third,
this adaptation of the INTER-NDA is limited to the
English-speaking Caribbean, despite substantial pro-
portions of the region’s population being native in
Spanish and French. Fourth, our results are restricted
to the INTER-NDA’s age range of assessment (22 to
30 months) and, as such, ECD tools for the assessment
of a wider age range of children should be adapted and
standardized in order to significantly impact ECD sur-
veillance in the Caribbean across the early childhood.
Fifth, we were not able to assess internal consistency of
the gross motor domain within the INTER-NDA as a
result of measurement challenges (i.e., ceiling effects)
with one of the 3 items that make up this domain score.

Context of the study

An essential condition for achieving the United Nations
Sustainable Development Goal (UN SDG) 4.2 (‘ensure
that all girls and boys have access to quality early child
development, care and preprimary education so that

Table 6 Internal consistencies of the adapted INTER-NDA

INTER-NDA domain Caribbean Adaptation Original INTER-NDA?

Cognition 0.84 0.81
Language 0.84 0.83-0.90
Gross Motor Not reported® Not reported
Fine Motor 0.62 Not reported
Positive Behavior 0.90 0.85
Negative Behavior 0.31 0.56

@ Murray, E., Fernandes, M., Newton, C.R. J., Abubakar, A., Kennedy, S. H., Villar,
J., & Stein, A. (2018) Evaluation of the INTERGROWTH-21st Neurodevelopment
Assessment (INTER-NDA) in 2 year-old children. PLoS ONE, 13(2): e0193406.
https://doi.org/10.1371/journal.pone.0193406

b Internal consistency is not reported for the gross motor domain because 1 of 3
items in that domain showed a ceiling effect

they are ready for primary education’) [33] is the meas-
urement of ECD outcomes at scale, in order to identify
children at risk and to make cross-population com-
parisons [14]. While a multitude of tools to measure
ECD risk exist, none are culturally adapted and stand-
ardized for use in the Caribbean setting, especially for
administration by non-specialists. By linguistically and
culturally adapting the INTER-NDA to the context of
the English-speaking Caribbean, without compromis-
ing its conceptual integrity, we have, for the first time,
produced a practically applicable, culturally relevant
ECD measure specifically adapted to this setting. The
INTER-NDA is a unique clinical tool for use across
all healthcare systems to measure neurodevelopmen-
tal milestones and associated behaviors in 2-year-olds
uniformly and at scale, and to identify children at risk
of NDIs who would benefit from specialist referral
and further investigation [14]. It is our hope that the
adapted INTER-NDA will complement the INTER-
GROWTH-21st Project’s international INTER-NDA
standards [14] for the measurement of ECD outcomes
in the Caribbean while simultaneously providing a
methodological template for the adaptation of child
developmental measures to cultural and linguistic
contexts.

Table 7 Protocol Adherence Scores for non-specialist child
developmental assessors for the adapted INTER-NDA

Assessor Number % Adherence

94.1
824
94.4
94.1
100
94.1
70.5

N OO L N —



https://doi.org/10.1371/journal.pone.0193406
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Conclusion

This study represents, to our knowledge, the first adap-
tation of an ECD instrument to the English-speaking
Caribbean. This is important for standardized, robust
ECD measurement in the region, at scale, and supports
the inclusion of Caribbean infants in international
efforts at ECD surveillance. Furthermore, this study
highlights the importance of the linguistic and cultural
adaptation of ECD measures, even between settings
which appear to share the same primary language but
in which social, cultural, geographic and economic con-
texts vary.
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