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What do we know about the subject matter of this study?

The Child Learning and Development Test (TADI) was standar-
dized in a representative sample of 2,862 children and was used
as one of the instruments for measuring child development in the
Early Childhood Longitudinal Survey (ELPI) 2012. However, there
are no scientific publications that analyze its validity in population
samples.

Abstract

The “Test de aprendizaje y Desarrollo Infantil” (TADI) is a developmental screening scale for chil-
dren aged 6 to 72 months, designed in Chile. Objective: To determine the validity of the first
edition of the TADI at the population level. Methodology: Secondary psychometric analysis of
a sample of 11,283 Chilean children who participated in the 2012 Early Childhood Longitudi-
nal Survey (ELPI). Convergent validity was assessed through Confirmatory Factor Analysis (CFA)
and verified by Exploratory Factor Analysis (EFA). Social variables were considered for construct

What does this study contribute to what is already known?

In a large-scale population sample, the construct validity of the
TADI stands out, as well as the significant correlation with socioe-
conomic variables and with reference tests, with sensitivity and
specificity levels close to 70%. This confirms that TADI meets the
psychometric properties to be implemented as a standardized ins-
trument for the developmental screening of children from 6 to 72
months of age in Chile.
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validity. For concurrent validity, sensitivity, specificity, and correlation we used as references the
Battelle Developmental Inventory Screening Second Edition (BDI-2) and the Peabody Picture Vo-
cabulary Test (PPVT). Results: Out of the children evaluated, 12.6% were categorized in the Delay
or at Risk for Delay category, and 17.3% in the Alert category. The CFA showed good levels of fit of
the proposed model to the scale data, particularly in older age groups. The EFA revealed different
patterns for different age ranges. The TADI correlated significantly with socioeconomic factors,
such as the presence of learning materials in the home, the educational level of the main caregiver,
economic income, and the mother’s emotional response. Data analysis showed moderately positive
correlation of the TADI with the BDI-2 and the PPVT, with sensitivity and specificity values close
to 0.70 when including the Alert category. Conclusions: The adequate psychometric values of the
TADI in a population-based sample ratify its validity as a screening instrument for the develop-
ment of young children in Chile.
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Introduction

Internationally, there is concern about the high
percentage of children under 5 years of age in low-
and middle-income countries who are at risk of not
developing according to their full potential* In Latin
America and the Caribbean, early childhood develop-
ment was established as a priority indicator in the 2030
Sustainable Development Goals**. To understand the
magnitude of the problem and plan public policies, in
addition to establishing individual interventions, it is
essential to have standardized, reliable, and culturally
appropriate measurement instruments to identify chil-
dren who will benefit from further diagnostic assess-
ment>”.

In Chile, during the 70’s and 80’s, the Psychomotor
Development Evaluation Scale (EEDP) and the Psy-
chomotor Development Test (TEPSI) were developed.
Both scales, which are applied by a trained professional
through direct observation, are still in use in the coun-
try’s public health system®. Unfortunately, these in-
struments have limitations, mainly related to the lack
of a cross-cultural approach, the lack of updating of
the items, and the absence of revalidation studies®!°.
Another scale validated in Chile is the Ages and Stag-
es Questionnaire” (ASQ)', which is currently used in
some private health institutions'2. However, a barrier
to its universal use nationwide is the lack of confidence
in the accuracy of parent-report questionnaires®, in
addition to the need for licensing fees. Other widely
used child development assessment instruments in-
clude the Battelle Developmental Inventory (BDI), the
Bayley Scales of Infant Development (BSID), and the
Peabody Picture Vocabulary Test (PPVT). However,
these scales have not been properly validated at the lo-
cal level and their application is mainly focused on the
diagnosis of developmental difficulties, both in clinical
and research contexts.

In order to contribute to a valid assessment of chil-
dren’s development in Chile, the TADI was created
which is a scale of reference norms for the assessment
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of learning and development'. This scale was stan-
dardized in Chile according to a representative sample
of the national population, consisting of 2,862 children
between 2009 and 2012,

Subsequently, the TADI was implemented as one of
the measures of child development in the ELPI". Since
then, studies using secondary data from the TADI per-
formance in the ELPI have been published'®!” and the
validity of the TADI in at-risk groups such as infants
with Down syndrome has been demonstrated'®. How-
ever, the validity of the TADI has not been studied be-
yond the research setting. This aspect is highly relevant
since it has been suggested that infant developmental
screening tests are less accurate and more heteroge-
neous in population-based studies than those reported
in their first validation'*.

The objective of this study is to determine the va-
lidity of the TADI at the population level, based on
an analysis of secondary data collected from the ELPI
2012.

Methodology

Cross-sectional study based on secondary analysis
of the publicly available database of the ELPI conduct-
ed in Chile in 2012'°. One of the objectives of the survey
was to characterize children aged 6 months to 7 years,
from diverse socioeconomic statuses, areas of resi-
dence, and ethnic contexts. The ELPI design involved
a complex sample, stratified by clusters in two stages,
consisting of the selection of neighborhoods of a spe-
cific socioeconomic level and then the random selec-
tion of children. The ELPI currently uses information
collected in 2010, 2012, and 2017. The databases used
in this study come from the measurement conducted
in 2012, which comprises a nationally representative
sample of 14,438 children'.

Only infants between the ages of 6 and 72 months
who completed the TADI and baseline scales were
included for analysis. Participants who scored > 3
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SD above the sample mean on any TADI score for
each age segment were excluded. This was considered
to control for the influence of extreme cases, which
probably stem from incorrect data collection. Cases
without sex or incomplete TADI records were also
excluded.

Instruments

Child Learning and Development Test (TADI)
first edition'*: scale of reference norms for the evalua-
tion of the development of children between 6 and 72
months of age. It consists of four independent scales:
Cognition, Motor, Language, and Socioemotional. It
consists of 210 items ordered by increasing difficulty.
The TADI evaluates mostly ecologically valid tasks, re-
quested individually by each participant, in the pres-
ence of a significant adult for the child. Its application
takes up to 30 minutes and should be carried out by
a health or education professional who has previously
studied the manual.

The TADI has a T-score with an average of 50 and a
standard deviation (SD) of 10. To ensure the ability of
the TADI to detect possible developmental delays, the
analyses relied on the definition of the five categories
derived from the total TADI scores: (i) Delay (T-scores
< 30 points, with a maximum of two SD below the
mean); (ii) At Risk of Delay (lower T-scores between
30 and 39 points, between one and two SD below the
mean); (iii) Alert (T-scores between 40 and 45 points,
between 1 and 0.5 SD below the mean); (iv) Normal
(T-scores between 46 and 59 points, between 0.5 SD
below the mean and 1 above the mean); and (v) Ad-
vanced (T-scores > 60 points, at least one SD above the
mean).

Battelle Developmental Inventory Second Edi-
tion (BDI-2). Spanish adaptation®': assessment test,
in which the items are taken from the full version of
the Battelle Developmental Inventory, which assesses
child development between the ages of 0 and 8 years.
The BDI-2 was standardized in the United States. It
analyzes child development in the motor, adaptive,
cognitive, personal-social, and communication areas.
In the ELPI 2012, it was administered to children be-
tween the ages of 6 and 83 months, but only assess-
ments from ages 6 to 72 months were included in this
study.

Peabody Picture Vocabulary Test, Spanish
American version (PPVT)*?: scale that analyzes
cognitive skills, measured by the evaluation of the
receptive vocabulary of individuals. The ELPI 2012
applied it to children between the ages of 30 and 83
months, but only assessments performed on children
between the ages of 30 and 72 months were consid-

ered in this study. Continuous and dichotomous
scores were included.

Home Observation for Measurement of the En-
vironment (HOME) (adapted by the ELPI 2012)*: a
scale that assesses the educational environment of the
family, including a couple of questions about maternal
sensitivity. In the ELPI 2012, four of the six dimen-
sions of this scale were applied: Maternal Verbal and
Emotional Responsiveness, Avoidance of Restraint and
Punishment, Maternal Involvement with the Child,
and Learning Materials. 21 questions were included
for the evaluator to answer based on direct observation
of the adult’s behavior and household items. The scale
scores 1 = true and 0 = false, according to observation
or lack of observation of the behavior or item.

Sociocultural assessment: educational attainment
of the mother: low schooling was defined as low if she
did not complete elementary/high school, medium if
she completed high school or technical education, and
high if she completed higher or postgraduate educa-
tion. Household per capita income was classified ac-
cording to income quintiles, with Q1 being the lowest
income quintile and Q5 the highest one.

Statistical analysis

Descriptive statistics were used to present the per-
centage of retardation in the different age groups, for
the global test and the 4 scales. In addition, the distri-
bution of children in the predefined categories of the
TADI was described in terms of number and percent-
age per category.

The internal structure of the TADI was evaluated
with a Confirmatory Factor Analysis (CFA) based on
maximum likelihood estimators. The model was de-
fined considering the four dimensions of the TAD],
each of which encompasses the full set of TADI items
for three age ranges: up to 2 years, between 2 and 4
years, and between 4 and 6 years. The CFA is part of
the measurement model that examines the relation-
ships between observed variables and factors. Multiple
indicators of model fit were considered to determine
whether the proposed model is consistent with the em-
pirical data.

Each item was scored dichotomously according
to the presence (code 1) or absence (code 0) of the
identified behavior. For each age, a starting point was
identified, with a continuum ordered by increasing dif-
ficulty. If a child successfully completed the behavior
identified in an item, it was assumed that she/he would
also be able to successfully develop the preceding be-
haviors, so a score of 1 is assigned to all previous be-
haviors.

The selection of the items included for the CFA was

ebitoriaL_qiku

85



ORIGINAL ARTICLE

86

Test for the Developmental Assessment of Young Children (TADI) - M. Edwards et al

based on the following procedure: In each age range,
the items that showed no variance were eliminated
(all the children in the age range studied answered
the same) and a correlation matrix was made between
the remaining items to identify cases that could have
extreme correlations (r > 0.98). Applying the CFA
identified items that showed negative variance, which
identified cases that did not behave according to the
model and filtered out items with low factor loadings
(r<0.3).

The goodness of fit was evaluated with the root
mean square error of approximation (RMSEA) index,
considering as good fit values < 0.05, and acceptable be-
tween 0.05 and 0.08%; Standardized root mean squared
residual (SRMR) was considered as good < 0.05 and
as acceptable < 0.10%%; Comparative Fit Index (CFI),
if > 0.95 indicates a good fit and > 0.90 acceptable?’;
Tucker-Lewis Index (TLI), > 0.97 represents a good fit
and > 0.95 acceptable?”. Chi-square was evaluated for
overall fitness and discrepancy between the sample and
adjusted covariate matrices.

To validate the findings, an Exploratory Factor
Analysis (EFA) was performed for the items with-
in each age range, with orthogonal varimax rotation.
Sample adequacy was measured with Kaiser-Mey-
er-Olkin (KMO) analysis and Bartlett’s test of sphe-
ricity, which assesses whether the correlation matrix is
different from an identity matrix.

To determine the concurrent validity, the sensi-
tivity and specificity of different cut-off points of the
TADI were analyzed, considering the BDI-2 and PPVT
scales as reference standards, and the association be-
tween the scales was measured by Pearson correlation.

Construct validity was analyzed considering
household characteristics, through an Ordinary Least
Squares (OLS) linear regression model to detect the
relationship between these variables and the detection
of risk based on TADI scores. In each case, the variable
studied was coded considering whether the value re-
corded was in the range considered as risk.

All statistical calculations were performed with R sta-
tistical software version 2.3.3.3, with CFA analysis per-
formed with the Lavaan package version 0.5-23.1097%.

Results

The ELPI 2012 comprises a nationally representa-
tive sample of 14,438 children. For this study, 1,621
children older than 72 months of age, 1,237 children
who scored more than 3 SD above the sample mean on
any of the TADI scores, and 297 children with incom-
plete sex registration were excluded, resulting in a final
sample of 11,283 children (Table 1).

TADI scores were categorized into 11 age groups,

ebitoriaL_qiku

each starting on the first day of their respective initial
age. The mean of each age group was centered around
T = 50, with an SD close to 10, which aligns with the
expected value in a standardization (Supplementary
Table 1, available online version).

Table 2 shows the frequency and relative prev-
alence of each of the TADI interpretive categories.
Overall, 12.6% of the children assessed were catego-
rized as Delayed or At Risk, and 17.3% were classified
as Alert.

The CFA yielded good levels of fit to the proposed
model for the data (2 (gl = 2) = 27,895, p < 0.01,
CFI =0.99, TLI =0.99, RMSEA = 0.03, 90%CI for RM-
SEA = [0.02;0.04], SRMR = 0.01) (Table 3). Figure 1
shows the standardized weights of the items included
in the model for each age group. The analysis shows
that the model fits better at older ages; up to the age
of 4 years, it is not replicated in the data, assuming a
model with 4 subdimensions of development. Howev-
er, from age 4, the data suggest a separation of different
areas of development based on a latent dimension of
general development.

As a verification step, EFA was performed for
items within each age range. The results revealed
distinguished patterns for different age ranges. For
children up to 2 years of age, despite having a config-
uration conducive to factor detection (KMO = 0.87,
Bartlett’s 2 = 25226.2, df = 1711, p < 0.001), in
the maximum likelihood factor analysis with Vari-
max rotation, only one factor was identified that ex-
plained 16% of the variance. It should be mentioned
that this factor encompasses items of varied theo-
retical subdimensions. In the case of the age range
corresponding to children between 2 and 4 years old,
a good configuration of the data was observed for
factor analysis (KMO = 0.94, Bartlett’s x*= 65496.8,
gl = 1770, p < 0.001), and produces two factors that
together explain 22.7% of the variation, made up of
items from all dimensions.

In relation to concurrent validity, the TADI showed
a positive correlation with the BDI-2 (r = 0.49) and
PPVT (r = 0.46). When considering the BDI-2 as a
reference, the sensitivity of the TADI was 0.25 and the
specificity 0.93, values that reached levels above 0.60
when including the Alert category as a risk. The results
were similar when taking the PPVT as a reference (Ta-
ble 4).

Table 5 shows that the TADI scores show statisti-
cally significant variations in relation to the presence
of the different risk factors identified at home and
by the HOME, with the scarcity of learning materials
(b =-3.29, p<0.001), the low emotional and verbal re-
sponse form the mother (b = -3.27, p < 0.001), and the
low educational achievement of the mother (b =-2.98,
p < 0.001) having the greatest effect.
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Table 1. Sample characteristics

Gender Female
Male

Household income per capita Q1
quintiles Q2
Q3
Q4
Q5

Missing data

Mother's educational achie- Low education

vements Middle education
High education
Missing data

5.538
5.745

1.569
1.592
1.420
1.495
1.533
3.674

3.633

5.483

1.945
222

Household income per capita was classified by income quintiles (Q),
from the lowest income (Q1) to the highest income (Q5). Low educa-
tion: did not complete school education; medium education: completed
school or technical education; high education: completed higher or

postgraduate education.

Discussion

This study presents additional evidence of the psy-
chometric properties of the TADI in a large-scale pop-
ulation sample, derived from the analysis of secondary
data extracted from the ELPI 2012". This study con-
firmed the validation results of the first version, such as
internal structure fit, concurrent validity, and conver-
gence with measures of child development, cognitive
skills, and household characteristics'.

The importance of having an early childhood de-
velopment screening instrument created specifically
for the country is due to its cultural appropriateness
and representativeness of children from different re-
alities. Evidence of cultural validity suggests that the
TADI is not biased in the assessment of indigenous or
Spanish-speaking immigrant populations at the na-
tional level"%.

Table 2. Frequency and relative percentage of prevalence of TADI scores, according to interpretive categories by dimension

TADI Scales Total TADI
Cognition Language Motor skills Socioemotional
Categories and scoring n % n % n % n % n %
Delay + Risk (< 39) 2292 20.31 2243 19.88 1700 15.07 1873 16.60 1423 12.61
Alert (40-45) 1483 13.14 1678 14.87 1603 14.20 1995 17.69 1959 17.36
Normal (46-59) 6098 54.05 5864 51.97 5943 52.67 5972 52.93 7147 63.34
Advanced (60 o mas) 1410 12.50 1498 13.28 2037 18.05 1443 12.79 754 6.68

Table 3. Confirmatory Factorial Analysis performed considering three age ranges

Children's age

Dimension

Model Fit Measures

TLI RMSEA SRMR

0-2 years  (n = 1.480)

2-4 years (n=4.628)

4-6 years  (n=6.248)

Cognition
Motor Skills
Language
Socioemotional

Cognition
Motor Skills
Language
Socioemotional

Cognition
Motor Skills
Language
Socioemotional

0.91~*

0.90 0.05* 0.17

0.83 0.05* 0.14

0.95** 0.95* 0.02** 0.08*

Table presents the measures of model fit for TADI in three age groups. The fit measures include Comparative Fit Index (CFI), Tucker Lewis
Index (TLI), Root Mean Square Error of Approximation (RMSEA) and Standardized Root Mean Residual (SRMR). These measures provide in-
formation about the adequacy of the model for different age ranges, with improved fit observed in older age groups. *Indicates acceptable

fit. **Indicates good fit
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Figure 1. Flowchart of the Confirmatory Factor Analysis at different ages.
Note: Numbers are the standardized weights of each latent variable in the
measured variables. All were significant. Legends: Dev: Child development;
Soc: Socioemotional; Lng: Language; Mot: Motor Skills; Cog: Cognition.
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Overall, 12.6% of the children assessed were cate-
gorized as Delay or At Risk, while 17.3% into the Alert
category, which coincides with the expected prevalence
according to previous studies in the population stud-
ied'"*. In addition, significant correlations were found
between TADI scores and socioeconomic variables,
such as lack of learning materials at home, low edu-
cational achievement of the caregiver, lower per capita
income, and poor emotional response of the mother,
coinciding with previous publications'®"”. A higher
proportion of delay is to be expected in children with
social risk factors®2

When reviewing the construct validity, it stands
out that the CFA fits better for the TADI at older ages,
possibly because at a younger age the developmental
domains are more interconnected, therefore, it is rec-
ommended the use of the instrument as a whole in-
stead of separating it by items'%. The same occurs with
psychometric analyses; it has been postulated that de-
velopmental tests are more accurate the older the age
of the children evaluated®.

In the concurrent validity analysis, there is a pos-
itive correlation between the BDI-2 reference scales
(for children from 6 to 72 months) and the PPVT (in
preschoolers from 30 to 72 months), with similar sen-
sitivity and specificity values, being the most appropri-
ate (close to 0.70) when including the Alert category.
These values are close to what is expected for devel-
opmental screening scales’ and are within the ranges
described when applying the tests in the “real world”*.

It should be considered that the risk of forcing a
higher sensitivity is to compromise the specificity of
the test and increase false positives, with the family and
social impact and overload of the health system?®*. This
is why studies recommend screening in two stages or
combining different tests to improve diagnostic accu-
racy35,36.

Among the limitations of this study, it should
be mentioned that only some of the aspects for the
analysis of the construct validity of the TADI were
included, leaving out variables that may be relevant,
such as biological risk factors. Also, there is currently
a second edition of the TADI (TADI-2), which was
not evaluated in the study””’. However, our analysis
was of great relevance in strengthening the psycho-
metric properties of the scale. It is worth mention-
ing the large sample included in the analysis, which
allowed us to know the performance of the test on a
population scale and invites us to repeat the exercise
with other scales used, many of which have not been
validated in Chile.

The challenge for future updates of the instrument
is to include indications on its epidemiological use
with categories that consider different cut-off points,
depending on the uses and objectives of the evalua-
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Tabla 4. Analysis of the diagnostic capacity of TADI Total scores, using as external criteria the results of the tests associated

with development, comparing different cut-off points

TADI TADI
Cutt of T= 40* Cutt of T= 45*
n Sens Esp VPP VPN n Sens Esp VPP VPN
BDI- 2 <-1,5DS 11056 0.25 0.94 0.62 0.79 11056 0.60 0.69 0.40 0.84
TVIP <-1DS 9295 0.35 0.93 0.49 0.88 9295 0.67 0.67 0.28 0.91

SD: standard deviation,; Sens: sensitivity; SP: specificity;, PPV: Positive Predictive Value; NPV: Negative Predictive Value;
BDI-2: Battelle Developmental Inventory Second Edition, TVIP: Peabody Picture Viocabulary Test. T= standard T-score

Table 5. Prevalence and impact of risk factors on TADI scores

Risk factors Prevalence Impact
f (%) b
Home measurements
Educational achievement of primary caregiver (n = 11061): Low achieve- 3633 (32.84%) -2.98 (p < 0.001)
ment
Per capita income (n = 7609): Income quintiles Q1 and Q2 3161 (41.54%) -1.35 (p < 0.001)
HOME inventory indicators (n = 11190)
Low emotional and verbal response from mother 683 (6.10%) -3.27 (p < 0.001)
Poor avoidance of restraint and punishment 1670 (14.92%) 0.06 (p=0.772)
Scarcity of learning materials 5888 (52.62%) -3.29 (p < 0.001)
Low involvement 368 (3.29%) -1.78 (p < 0.001)

n= indicates the total number of cases in which the presence or absence of each risk factor was recorded. f= indicates the number
of cases reporting the presence of the risk among the recorded cases. % = indicates the percentage of presence of the risk. b
= Ordinary Least Squares Regression Coefficient (OLS). Indicates the expected average variation in the Total TADI score with the

presence of the identified risk factor.

tions. At the same time, the reference standards used
should continue to be examined in order to fairly as-
sess their levels of sensitivity and specificity, since there
is no consensus on the perfect standard and most of
the tests used as reference in this and other publica-
tions also have limitations, both in terms of their own
diagnostic accuracy, lack of clarity regarding their cut-
off points, as well as the lack of national validation®*-4°.

Conclusion

The findings of the study confirm previous evi-
dence on the validity of the TADI'**»7. Its construct
validity and internal structure were consolidated, and
compliance with the psychometric criteria for the
identification of TADI lags was verified. Convergence
was demonstrated with other developmental measures
considered as reference, as well as with social risk fac-

tors. It is concluded that the TADI is a valid instrument
for the evaluation of the development of children be-
tween the ages of 6 and 72 months in Chile.
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