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Abstract

Background: Over 250 million children under 5years, globally, are at risk of developmental delay. Interventions
during the first 2 years of life have enduring positive effects if children at risk are identified, using standardized
assessments, within this window. However, identifying developmental delay during infancy is challenging and there
are limited infant development assessments suitable for use in low- and middle-income (LMIC) settings. Here, we
describe a new tool, the Oxford Neurodevelopment Assessment (OX-NDA), measuring cognition, language, motor,
and behaviour, outcomes in 1-year-old children. We present the results of its evaluation against the Bayley Scales of
Infant Development llird edition (BSID-Ill) and its psychometric properties.

Methods: Sixteen international tools measuring infant development were analysed to inform the OX-NDA's con-
struction. Its agreement with the BSID-Ill, for cognitive, motor and language domains, was evaluated using intra-class
correlations (ICCs, for absolute agreement), Bland-Altman analyses (for bias and limits of agreement), and sensitivity
and specificity analyses (for accuracy) in 104 Brazilian children, aged 12 months (SD 8.4 days), recruited from the 2015
Pelotas Birth Cohort Study. Behaviour was not evaluated, as the BSID-III's adaptive behaviour scale was not included
in the cohort’s protocol. Cohen’s kappas and Cronbach’s alphas were calculated to determine the OX-NDA's reliability
and internal consistency respectively.

Results: Agreement was moderate for cognition and motor outcomes (ICCs 0.63 and 0.68, p <0.001) and low for
language outcomes (ICC 0.30, p <0.04). Bland-Altman analysis showed little to no bias between measures across
domains. The OX-NDA's sensitivity and specificity for predicting moderate-to-severe delay on the BSID-lll was 76, 73
and 439% and 75, 80 and 33% for cognition, motor and language outcomes, respectively. Inter-rater (k=0.80-0.96) and
test-rest (k=0.85-0.94) reliability was high for all domains. Administration time was < 20 minutes.

Conclusion: The OX-NDA shows moderate agreement with the BSID-Ill for identifying infants at risk of cognitive and
motor delay; agreement was low for language delay. It is a rapid, low-cost assessment constructed specifically for use
in LMIC populations. Further work is needed to evaluate its use (i) across domains in populations beyond Brazil and (ii)
to identify language delays in Brazilian children.
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Background

In 2015, Early Child Development (ECD) was, for the first
time, included in the Sustainable Development Goals as
indicator 4.2.1: “the proportion of children under 5 years
of age who are developmentally on track in health, learn-
ing and psychosocial well-being, by sex” [1]. Neverthe-
less, over 250 million children, globally, are at risk of not
achieving their developmental potential due to poverty
and stunting alone [2]. A disadvantaged start in life lim-
its children’s abilities to benefit from education leading
to lower productivity and social consequences that affect
not only present but also future generations [3—7]. More-
over, brain stimulation interventions during the first
2years of life have been to have enduring positive effects
if children at risk are identified [3], using standardized
assessments, and receive such interventions, within this
window. One of the key challenges in the ECD landscape,
therefore, is the early and accurate identification of chil-
dren at risk, using standardized methodologies, to target
interventions and to enable cross-population compari-
sons [5,7, 8].

Many developmental batteries assess ECD outcomes
during the first year of life [9] (Additional file 1: Table S1).
However, only a few can be administered reliably by non-
specialists and be applied across population groups from
high-, middle- and low-income settings at relatively low
costs [9—-12]. Between 2013 and 2018, a WHO commis-
sioned team identified only 3 initiatives that attempted
to address these technical and logistical challenges [12]:
(i) the WHO Gross Motor Milestones [13, 14], (ii) the
Ages and Stages Questionnaires (ASQ) [15], and (iii) the
Guide for Monitoring Child Development (GMCD) [16,
17]. Two of these (the ASQ and GMCD) were caregiver-
reports; and the WHO milestones, although observer-
rated, focussed exclusively on measuring gross motor
skills.

Previous ECD research has shown that a mixed-meth-
odology approach, combining direct-assessments with
observer- and caregiver-reports, provides advantages
over either method alone. This approach has been suc-
cessfully applied in several developmental tests including
the Batelle Developmental Inventory (BDI) [18, 19], the
Test de Aprendizaje y Desarrollo Infantil (TADI) [20] and
the INTERGROWTH-21st Neurodevelopment Assess-
ment (INTER-NDA; www.inter-nda.com) [21]. The latter
is a rapid, standardized, psychometrically valid 37-item
international ECD instrument measuring cognition, fine
and gross motor, language and behaviour outcomes in

children aged 22 to 30 months [21, 22]. It can be admin-
istered reliably by non-specialists to identify children at
risk of delay, and its norms are international ECD stand-
ards constructed according to the WHO’s prescriptive
approach [23].

The adoption of the INTER-NDA - for the identifica-
tion of children at risk of delay and for cross-population
comparisons - by the clinicians and researchers, inter-
nationally, prompted demand for a tool, similar in con-
ceptual and technical constructs, for the comprehensive
and reliable assessment of outcomes in younger chil-
dren [24]. The objective of this study is (i) to describe the
rationale and methodology leading to the construction
of a novel infant development assessment meeting the
aforementioned specifications (the Oxford Neurodevel-
opment Assessment; OX-NDA) and (ii) to evaluate its
performance against the Bayley Scales of Infant Develop-
ment III edition (BSID-III) [25]. The specific aims of the
current study were to: (i) examine agreement between
OX-NDA and BSID-III domain scores; (ii) evaluate the
OX-NDA’s sensitivity and specificity in predicting mod-
erate-to-severe developmental delay on the BSID-III; and
(iii) determine the OX-NDA’s internal consistency and
rater reliability.

Methods

Participants and procedures

Infants enrolled in the 2015 Pelotas Birth Cohort Study
[26], were consecutively recruited to participate in the
OX-NDA validation study. Children with known severe
hearing or vision impairments, and non-singleton chil-
dren, were excluded from participation.

The 2015 Pelotas Birth Cohort is a large epidemiologi-
cal study of child health, growth and development in the
city of Pelotas in Southern Brazil. The cohort included
4275 newborns born between 1 January and 31 Decem-
ber 2015. Mothers and children were assessed at birth,
and at 3, 12, 24 and 48 months post birth. Details of the
cohort have been previously published [26]. The cohort is
registered at clinicaltrials.gov [NCT03271723].

Participating children were evaluated on the OX-
NDA and the BSID-III between 10 and 14 months
by separate assessors, blinded to each other results.
Assessments were conducted in Brazilian Portuguese
in the children’s homes, in the presence of a primary
caregiver over two consecutive days. In half the sam-
ple, the BSID-III was administered first; in the remain-
ing sample, the OX-NDA was administered first. We
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did not evaluate children on both instruments in a sin-
gle sitting to avoid children’s underperformance due to
fatigue from repeated testing and because of the BSID-
IIT’s long administration time (60-90 minutes). The
reliability of the OX-NDA was determined for four
non-specialist field assessors across 10 assessments.

The design, development and evaluation process of
the OX-NDA is summarised in Fig. 1.

Measures
The BSID-III: The BSID-III measures cognition, lan-
guage, motor, social-emotional, and adaptive behaviour
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outcomes in children aged 1-42months [25, 27]. The
thresholds for moderate and severe delay on its compos-
ite scores (Mean 100, SD 15) are 71-85 and <70, respec-
tively [27]. Its latest norms were developed from 1700 US
children recruited in 2004 and selected to match the 2000
United States census population of children [25]. The
cost of the BSID-III kit, at the time of writing this paper,
is GBP 1521.64, the cost per form per child is GBP 4.89
[27]. In this study, the adaptive behaviour subscale of the
BSID-III was not included in the cohort’s protocol.

The OX-NDA: The OX-NDA is a novel multi-dimen-
sional ECD assessment for children aged 10-14 months

Identification of tools internationally used to measure
ECD at 12 months
16 tools identified (Supporting Information Table S1)

Mapping of items on domain specific neurodevelopmental

Age band: 10-14 months (Supporting Information Table S2)

matrix

Mapping of ECD Conceptual elements according to WHO
Indicators of Infant and Young Child Development
Age band: 12.1-18.0 months (Supporting Information Table S2)

Construction of prototype
OX-NDA

Tool construction
Item Selection and scoring classification: n=37 items assessing
cognition, motor, language and behaviour outcomes

Evaluation of Psychometric Properties
Domain distributions, internal consistency

Validation &

Agreement with the BSID-III
Interclass correlations, Bland Altman analysis, evaluation of
sensitivity and specificity

reliability study

Reliability Analysis
Inter-rater and test-re test reliability

Feasibility
analysis

OX-NDA feasibility analysis
Analysis of the OX-NDA against 3 international guidelines (Table
6) for use of ECD measures in low- and middle-income settings:

i. The World Bank’s Toolkit for Measuring ECD?;

ii. Fischer et al's feasibility criteria for use of developmental
screening tools at primary healthcare level in low- and
middle-income settings?

iii. Boggs et al's rating of ECD measurement tools for routine

= health programme use®

Fig. 1 Flow chart of OX-NDA development and study process
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[24] consisting of 37 items grouped into cognition, motor,
language, and positive and negative behaviour domains
(Table 1). Of these items, 21 are directly assessed, 13 are
concurrently observed and 3 are caregiver reported. Item
scores range from 4 (highest) to 1 (lowest) with ‘unable to
assess’ being scored as ‘X’: items scored ‘unable to assess’
are excluded from the calculation of mean domain scores.
Its kit (Fig. 2) costs GBP 100.00 in the UK, but sourcing
items locally can substantially reduce costs. There is no
fee per child for use. The OX-NDA items were created
in English and were translated into Brazilian Portuguese
according to the WHO Mental Health Initiative transla-
tion guidelines which includes processes of translation,
back translation and cultural customization [28].
The construction of the OX-NDA involved five stages:

1. A landscape analysis of widely used tools measuring
child development at 12 months across populations
(Additional file 1: Table S1)

2. An analysis mapping the conceptual basis of the con-
stituent items within each tool onto a ‘neurodevelop-
ment domain’ matrix (Additional file 2: Table S2).

3. A second analysis mapping these items onto the
WHO Indicators of Infant and Young Child Devel-
opment (IYCD) ECD elements for 6.1-18 month age
bands [12] (Additional file 2: Table S2).

4. Selection, by a panel of regional and international
experts in ECD measurement, of the most appropri-
ate ECD elements (n=41) for inclusion in the proto-
type OX-NDA and construction of a 5-point perfor-
mance reporting scale for each item (Table 1), similar
to that of the INTER-NDA, to objectively measure a
child’s level of achievement for the respective item
(Additional file 3: Table S3).

5. Initial piloting and assessment of internal consistency
(Table 3) resulted in excluding 4 items. The OX-NDA
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Fig.2 OX-NDA Kit

format for further psychometric testing and valida-
tion against the BSID-III therefore consisted of 37
items (Additional file 3: Table S3).

Sample size and statistical analysis

Statistical analysis was conducted in Stata 15 software
(Stata Corp., College Station, TX, USA). Accounting for
attrition, a sample size of 104 was estimated to detected

Table 1 OX-NDA Domain Classification, Scoring Formulae and Interpretation

OX-NDA domain  Number of items Range Constituent item Raw domain score  Scaling formula for Interpretation of
contributing to for item numbers for estimation conversion ofraw  domain score
domain scores domain domain scores to

standardized scores
(range 0-100)

Cognition 15 1-4 1,2,3,4,5,6,7,8,9, Mean of constituent  ((x—1) /3)) * 100 Higher score reflects

10,11,13,14,15,16 item scores better performance

Motor 8 1-4 12,17,18,22,23,24, Mean of constituent  ((x—1)/3))* 100 Higher score reflects

25,26 item scores better performance

Language 7 1-4 19,20, 21, 27,28, Mean of constituent  ((x-1)/3)) * 100 Higher score reflects

29,30 item scores better performance

Positive behaviour 5 1-3 31,32,33,34,35 Mean of constituent  ((x-1)/2)) * 100 Higher score reflects

item scores better performance

Negative behaviour 2 1-3 36,37 Mean of constituent  ((x—1)/2)) * 100 Lower score reflects

item scores

better performance
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associations at a confidence level of 95% and significance
level of <0.05. Raw mean OX-NDA domain scores were
calculated and converted to standardised scaled scores
(Mean 50, SD 25, range 0 to 100; Table 1), and distribu-
tions explored. The following analyses were carried out:

1. Internal consistency: was determined for OX-NDA
domain scores using Cronbach’s alphas. Values >0.7
were considered “good” [29, 30].

2. Agreement between the OX-NDA and BSID-III: was
evaluated using four statistical methods, as recom-
mended by Lee [31] and Bland and Altman [32]:

i. Continuous correlations (Pearson) to determine
whether children who scored high on the OX-NDA
also scored high on the BSID-III;

ii. Single measure intra-class correlation coefficients
(ICCs) for absolute agreement between each
domain, using a two-way mixed effects model (to
quantify the strength of the association between
OX-NDA and BSID-III scores);

iii. Bias and limits of agreement statistics; and

iv. Bland-Altman plots to identify whether the OX-
NDA scores differed systematically across different
levels of the BSID-IIL

3. Sensitivity and Specificity Analyses: OX-NDA scores
were compared between children scoring >85 (to
assess OX-NDA sensitivity) and <85 on BSID-III com-
posites (to assess specificity). Cut-offs with highest
sensitivity and specificity for each OX-NDA domain
were determined using Receiver Operating Character-
istics (ROC) analyses. Positive and negative predictive
values and positive and negative likelihood ratios for
each OX-NDA cut-off threshold were calculated.

4. Inter-rater and Test-re test Reliability: was deter-
mined using Cohen’s kappa coefficients [33].

Ethics

Our study was approved by the Research Ethics Com-
mittee of the Medical School (No 1.400.585) and the
School of Physical Education at the Federal Univer-
sity of Pelotas, Brazil (CAAE registration number:
26746414.5.0000.5313). Mothers provided written
informed consent on behalf of their children.

Results

Sample characteristics

Of the cohort’s 4018 children followed-up at 12 months,
a sub-sample of 104 was randomly selected to participate
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in the OX-NDA study. Other than age at weaning, there
were no significant differences in socio-demographic and
health characteristics between the OX-NDA sample and
the cohort (Table 2). Children were assessed at a mean
age of 367.6 (SD 8.4) days, 55 (53%) were male, and 84
(80.7%) were born at or near term. Mean birth weight
was 3.2 (SD 0.5) kg. At the time of the assessment, chil-
dren weighed 10.1 (SD 1.2) kg (corresponding to the
75th-85th centiles for girls and 50th-75th centiles for
boys on the age-specific WHO child growth standards),
and measured 75.1 (SD 3.1) cm in length (corresponding
to the 50th-75th WHO centiles for girls and 25th-50th
centiles for boys). The mean OX-NDA assessment time
was 20.0 (SD 5.0) minutes.

Internal consistency

For the final OX-NDA (consisting of 37 items), Cron-
bach’s alpha values (Table 3) were satisfactory (>0.70) for
the cognition, motor and positive behaviour; acceptable
(0.40) for language, and weak (<0.4) for negative behav-
iour [30].

Concurrent validity between the OX-NDA and BSID-III
Strong positive correlations were observed between cog-
nition and motor scores of the BSID-III and the OX-NDA
(Table 3, Pearson’s r=0.50-0.52, p<0.001). The ICCs for
the BSID-III and OX-NDA domains showed similarly
strong associations for cognition and motor outcomes
(ICCs 0.63-0.68, p<0.001), and low associations for lan-
guage outcomes (ICC 0.30, p=0.04).

The Bland-Altman analysis (Table 4) indicated no, or
very low, bias in the subscales, suggesting little to accept-
able difference between OX-NDA and BSID-III scores
[32]. The Bland-Altman plots (Additional file 4: Fig. S4)
and the linear regression analyses (Table 4) of difference
scores (BSID-III minus OX-NDA) revealed positive asso-
ciations between the measures.

Sensitivity and specificity analysis

Fewer than 10% of the study’s children obtained BSID-
III composite scores < 85, no children scored < 70. Chil-
dren scoring low (<85) on the BSID-III composites
also scored low on the OX-NDA across all domains
(Table 4). The sensitivity and specificity of the OX-
NDA cognition and motor scores in predicting moder-
ate to severe delay on the BSID-III (composite scores
< 85) was strong (Additional file 5: Table S5) at cut-offs
of <60 (sensitivity 76%, specificity 75%), <73 (sensi-
tivity 73%, specificity 80%), and <71 (sensitivity 70%,
specificity 25%), respectively. This was low for the OX-
NDA language score at a cut-off of <60 (sensitivity
43%, specificity 33%) [34, 35].
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Table 2 Sample Characteristics
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Children participating in Children in the Pelotas 2015 Birth Cohort not p value
the OX-NDA evaluation participating in the OX-NDA evaluation study
study (n=3914)
(n=104) Mean (SD) or number (%)
Mean (SD) or number (%)
Socio-demographic, prenatal and perinatal characteristics
Maternal age at recruitment, years 27.1 (6.6) 275(6.2) 051
Monthly family income 3585.6 (5667.7) 3010.9 (4377.3) 0.55
Duration of mother’s formal education, years 10.1 (4.0) 10.7 (4.0) 0.09
Maternal employment status 49 (47.1%) 1878 (47.9%) 0.06
Maternal infections (including HIV, rubella, syphilis, 10.0 (11.6%) 348 (9.6%) 049
hepatitis B, CMV, toxoplasmosis, tuberculosis and malaria)
Maternal substance abuse (including alcohol) and 20 (19.2%) 582 (16.1%) 0.18
smoking
Maternal prenatal anxiety and depression/mental stress 15 (14.4%) 402 (11.1%) 0.26
Maternal preeclampsia and eclampsia 10 (9.6%) 227 (6.3%) 0.10
Perinatal and Neonatal characteristics
Gestational age at delivery, weeks 38.7(2.0) 384 (24) 034
Birth weight, kg 32(0.5) 3.2(0.5) 039
Birth length, cm 483 (2.6) 40.2 (3.2) 0.64
Head circumference at birth, cm 339(15) 33.9(2.9) 0.94
Apgar score at 5min 9.5(0.6) 9.7 (43) 013
Boys 55 (53.0%) 1848 (51.1%) 0.72
Postnatal characteristics
Only child 51 (49.0%) 1905 (48.7%) 0.95
Mean age of 12-month / OX-NDA assessment (days) 367.6 (8.4) - -
Significant morbidity during the first year of life’ 4 (3.8%) 153 (5.1%) 0.73
Weight at 1year, kg 10.1 (1.2) 99(14) 0.28
Length at 1year,cm 75.1 (3.1) 75.0 (3.0) 0.63
Immunized for age 90 (100%) 2955 (99.7%) 0.60
Age at which infant was weaned, months 5734 4.1 (3.8) *0.001
BSID-lIl assessment conducted before OX-NDA 52 (50%) - -
Duration between OX-NDA and BSID-Ill assessmentsat 1 (0) - -

1year, day

*p<0.05
OX-NDA The Oxford Neurodevelopment Assessment

' Signficant morbidity during the first year of life is defined as any life threatening or life altering condition, requiring prolonged hospitalization and/or treatment, such
as epilepsy, metabolic disorders, endocrinological disorders, haematological disorders including haemophilia, oncological diagnosis, any conditions requiring surgery,
congenital cardiac conditions, prolonged ventilation included home-based ventilatory support and/or neurological conditions requiring prolonged treatment and/or

surveillance

Table 3 Internal consistencies of OX-NDA domain scores

OX-NDA Domain  Prototype OX-NDA Final OX-NDA
N (items) Cronbach’s N (items) Cronbach’s
alphas alphas

Cognition 15 0.71 15 071

Motor 8 0.70 8 0.70
Language 8 0.30 7 040
Executive Function 3 042 0 -

Positive behaviour 5 0.72 5 0.72
Negative behaviour 2 0.22 2 0.22

OX-NDA The Oxford Neurodevelopment Assessment

Reliability analysis
The inter-rater and test-retest reliability was high
(Cohen’s k=0.80-0.96, 95% CI: 0.78-0.97 and Cohen’s
k=0.85-0.94, 95% CI: 0.80-0.95) across all OX-NDA
domains (Table 5).

VI. Feasibility Analysis for Use Across Populations and
Settings.

The OX-NDA was assessed against three international
guidelines for measuring ECD in low- and middle-
income settings (Table 6): the World Bank’s Toolkit for
Measuring ECD [10]; Fischer et al’s feasibility criteria for
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Table 5 Inter-rater and test-re test reliability of the OX-NDA

OX-NDA domain Kappa 95% Cls
Inter-rater reliability
Cognition 0.87 0.84-0.90
Motor 0.96 0.95-0.97
Language 0.84 0.80-0.88
Positive Behaviour 0.82 0.79-0.86
Negative Behaviour 0.80 0.78-0.85
Test-re test reliability
Cognition 0.94 0.93-0.95
Motor 092 0.89-0.94
Language 0.89 0.85-0.93
Positive Behaviour 0.86 0.83-0.90
Negative Behaviour 0.85 0.80-0.87

OX-NDA The Oxford Neurodevelopment Assessment; Cl: Confidence intervals

use of developmental screening tools at primary health-
care level in low- and middle-income settings [11] and
Boggs’ et al’s rating of ECD measurement tools for rou-
tine health programme use [9]. The OX-NDA met all but
one World Bank and Fischer criteria, and scored 19 (of a
maximum total of 24) on Boggs et al’s rating.

Discussion

The OX-NDA is a multi-dimensional, mixed method-
ology instrument for measuring cognitive, motor and
behaviour outcomes in children aged 10 to 14 months: its
psychometric validity was low for the language domain.
The rationale for its construction was to provide a com-
prehensive neurodevelopmental assessment that can be
administered reliably and rapidly to young children by
non-specialists in low-resource settings at relatively low
costs. The preliminary evidence obtained from this study
supports the OX-NDA’s use as a valid and reliable meas-
ure of early cognitive, motor and behaviour outcomes in
Brazilian infants.

Across cognitive and motor domains, the OX-NDA
demonstrated good concurrent validity with the BSID-
I11, satisfactory psychometric properties and high levels
of inter-rater and test-retest reliability. Importantly, its
sensitivity and specificity in predicting moderate-to-
severe cognitive and motor delay in 1-year-olds was sat-
isfactory. The OX-NDA’s concurrent validity with the
BSID-III for the language domain was low. It is possible
that this may reflect the observation that language, as a
construct, is highly influenced by culture and it was, as
such, not possible for us to ascertain from our dataset
whether it is the OX-NDA or the BSID-III that have lim-
ited function in this context.

Across domains, the OX-NDA’s reliability, when
administered by non-specialists, was high and its
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administration time was shorter and cost per child was
lower than comparable measures. Previous studies have
shown that ECD assessments for older ages and con-
structed using similar approaches, such as the INTER-
NDA [22] and TADI [20], have yielded similar results.

Our study was limited in that all children were Bra-
zilian, recruited from the city of Pelotas, and that the
comparison of the OX-NDA’s behaviour domain with
the BSID-III was not ascertained. Its agreement with
the BSID-III language composite was limited and fur-
ther work is needed to ascertain why this was the case
and how its performance in the language domain may
be improved. Moreover, its ability to predict severe delay
could not be determined as no children in our study
scored <70 on the BSID-III composite scores. Addition-
ally, the OX-NDA’s age range is narrow (10 to 14 months).
Finally, item selection was guided by the expert panel,
initial piloting and assessment of internal consistency:
we did not conduct a factorial analysis for item selection
which limited our ability to scrutinise relations between
observed and latent variables.

Nevertheless, the study’s strengths lie in the detailed
validation of the OX-NDA, using multiple statistical
techniques, in a population-based sample from a low-
and-middle-income setting against the BSID-III [25], a
well-established measure of ECD, considered, by some,
to be a gold-standard ECD assessment. Our study design
controlled for child fatigue and contamination of results
during sequential developmental testing sessions.

The OX-NDA offers several practical and conceptual
advantages over other infant developmental assessments
(Table 6, Additional file 1: Table S1). First, it reliably
measures multiple domains of infant development (cog-
nition, motor, and behaviour). For each domain, out-
comes are reported on a 5-point scale characterising the
child’s performance across a spectrum and offering a
level of granularity beyond that provided by many infant
development batteries. Second, it was designed to be free
from cultural biases and is based upon objective report-
ing (rather than subjective judgement) of the child’s per-
formance. Its rigorous standardization protocol ensures
children are assessed uniformly and reliably. Moreover, it
can be administered reliably by non-specialist assessors
in a short assessment time and at relatively low costs.
Third, because it is a mixed-methodology assessment,
it applies the advantages of direct assessment as well as
caregiver- and observer-reports. It assesses cognitive
processing by presenting children with new tasks and
captures previously demonstrated abilities while being
minimally affected by reporter and recall biases.

Nevertheless, although the OX-NDA fulfilled most
requirements for a population-level ECD measure when
assessed against the World Bank’s [10], Fischer et al’s [11]
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Table 6 Assessment of the OX-NDA against feasibility criteria for use of an early child developmental assessment in a low- and

middle-income setting

Feasibility Criteria Does OX-NDA  Additional details
fulfil the
criteria?
World Bank Toolkit for Examining ECD'
Psychometrically adequate, valid and reliable Yes ICCs 0-63 and 0-68 (p <0-001) between BSID-IIl and OX-NDA
for cognition, and total score domains; and motor composite;
ICC 0.30 (p < 0.04) for language composite. Internal consistency
satisfactory. Sensitivity in predicting BSID-IIl composite scores < 85
(moderate delay) was 76, 73, and 43% for the OX-NDA cognition,
motor and language domains at cut-off scores of <=60, 73, and
60 respectively. Specificity in predicting BSID-IIl composite scores
<85 (moderate delay) was 75, 80, and 33% for the OX-NDA cogni-
tion, motor, and language domains at cut-off scores of <=60, 73,
and 60 respectively. Inter-rater reliability and test-rest reliability
was k=0.80-0.96, 95% Cl: 0.78-0.97 and k=0.85-0.94, 95% Cl: 0.80-
0.95 across all domains.
Balanced in terms of number of items at the lower end to Yes Age range of items extend to 6 months
avoid children with low scores
Enjoyable for children to take (e.g. interactive, colourful Yes
materials)
Relatively easy to adapt to various cultures Yes Adapted via cultural customisation session during training and
currently in use in Brazil, India, and Grenada
Easy to use in low-resource settings, e.g. not requiring much  Yes Cost of kit GBP 100.0; no fee per use; manuals and forms available
material upon request, mobile phone/tablet based OX-NDA E-form avail-
able.
Not too difficult to obtain or too expensive Yes See above
Able to be used in a wide age range No Moderately narrow age range (10 to 14 months)
Fischer et al's feasibility criteria for use of developmental screening tools at primary healthcare level in low-middle income settings?
Results understood by health workers Yes Cut-offs for moderate-to-severe delay
Reliable Yes High, inter-rater reliability and test-rest reliability of k= 0.80-0.96,
95% Cl: 0.78-0.97 and k=0.85-0.94, 95% Cl: 0.80-0.95 across all
subscales.
Valid Yes See above
Acceptable to caregivers Yes
Provides information that is relevant to primary care providers Yes Cut-offs
Information that can be used for referrals of early intervention  Yes Cut-offs
Information that is useful for anticipatory guidance Unknown
Results understood by caregivers Yes
Staff members have the expertise to answer questions Yes Session on maternal questions and responses included in training
package.
Access to application Yes Manuals, paper forms and E-form available upon request.
Training involved Yes Time taken to train assessors in the OX-NDA: 1 day for <3 asses-
sors, 2 days for 3-5 assessors, 3days for 5-10 assessors
How long it takes to administer the tool Yes 15-25minutes
Cover multiple areas of child development Yes Cognition, language, motor skills, and behaviour (positive and
negative)
Cost of the tool Yes Cost of kit GBP100.0; no fee per use; mobile phone/tablet based
OX-NDA E-form available.
Minimal adaptation needed Yes Sessions on cultural customisation and translation included in
training
Educational level of staff members Yes Primary education; non-specialist personnel
How many staff members to administer the tool Yes 1
Local norms available Yes Cut-offs based on Brazilian sample. Research to develop interna-
tional norms on-going.
Space Yes Minimal space for storage of kit and forms. Mobile phone/tablet

based OX-NDA E-form available. Home-based assessments pos-
sible.
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Feasibility Criteria

Does OX-NDA
fulfil the
criteria?

Additional details

Boggs et al's rating of early child development outcome measurement tools for routine health programme use

Validity Rating: 2
Reliability Rating: 3
Cultural Adaptability Rating: 3
Accessibility Rating: 2
Training Rating: 2
Administration time Rating: 2
Geographical uptake Rating: 3
Clinical relevance and utility Rating: 2

3

Validity somewhat below widely accepted threshold (0.5 to 0.7)
against another performance-based tool e.g. BSID-IlI

High, inter-rater reliability and test-rest reliability of k=0.80-0.96,
95% Cl: 0.78-0.97 and k=10.85-0.94, 95% Cl: 0.80-0.95 across all
subscales.

Easy modification of items, materials and procedures

Tool administration, scoring and interpretation, all available online,
but some intellectual property or other restrictions.

Minimal cost to tool <US$ 10 per child

App (mobile phone/tablet based OX-NDA E-form) available

Moderate (> 1 hour to < 1day), requires standardization and train-
ing on direct assessment of children’s abilities, no certification
requirement.

<15 to 20 minutes, minimum to moderate scoring.
Used in at least three continents (Asia, Europe, South America)

Sensitivity in predicting BSID-IIl composite scores <85 (moderate
delay) was 76, 73, and 43% for the OX-NDA cognition, motor and
language domains at cut-off scores of <=60, 73 and 60 respec-
tively. Specificity in predicting BSID-IIl composite scores < 85
(moderate delay) was 75, 80, and 33% for the OX-NDA cognition,
motor and language domains at cut-off scores of <=60, 73, and
60 respectively.

Further research to develop international norms, and contextually
appropriate referral pathways underway.

ECD Early child development

OX-NDA The Oxford Neurodevelopment Assessment
BSID-1ll The Bayley Scales of Infant Development Il edition
ICCinterclass correlation coefficients

Cl Confidence intervals

k Cohen’s kappa coefficient

" Fernald LCH, Kariger P, Engle P, et al. Examining Early Child Development in Low-Income Countries: A Toolkit for the Assessment of Children in the First 5 Years of Life.

Washington DC: The World Bank, 2009

2 Fischer VJ, Morris J, Martines J. Developmental screening tools: feasibility of use at primary healthcare level in low-and middle-income settings. Journal of health,

population, and nutrition 2014;32(2):314

3 Boggs D, Milner KM, Chandna J, et al. Rating early child development outcome measurement tools for routine health programme use. Archives of disease in

childhood 2019;104 (Suppl 1):522-533

and Boggs’ et al’s criteria [9] (Table 6); the findings of this
study may not be generalizable to culturally and linguis-
tically disparate LMICs and further research is needed
to evaluate its adaptability and applicability in screen-
ing for infant development delay in populations beyond
Brazil. Additionally, further work is needed to examine
(and improve) its performance in the language domain.
Currently, such studies are on-going in the West Indies,
Indonesia, India, and Senegal.

Identifying children at risk of delay during early child-
hood and comparing outcomes across populations are
essential prerequisites for achieving indicator 4.2.1 of the
Sustainable Development Goals. The OX-NDA measure
presented here contributes an important component
to the care of young children: a unique, standardized

developmental tool that can be applied by non-specialists
in low-resource settings to measure neurodevelopmental
outcomes in infants reliably, rapidly and at relatively low
costs and to identify those children at risk of delays.

Conclusions

The evidence presented here shows the OX-NDA to
be a psychometrically sound measurement tool for
the assessment of cognitive, motor and behaviour out-
comes in Brazilian infants. Its mixed-methodology,
multidimensional approach; relatively low costs; and
reliability when administered by non-specialists make
it an attractive candidate ECD measure for research
and clinical efforts aimed at identifying infants at risk
of delay in low-resource settings. Its ability to identify
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language delay in Brazilian infants was low and further
work is needed to examine (and improve) its perfor-
mance in the language domain. Research efforts, focus-
ing on its adaptation and application in LMIC settings
beyond Brazil, are on-going.
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