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Although many education and health programs aim to improve early childhood development, it is challenging to
assess developmental levels of infants and small children through large household surveys. The Caregiver Reported
EarlyDevelopment Instruments (CREDI) has been proposed as an adaptable, practical, and low-cost instrument for
measuring the developmental status of children under 3 years of age at scale, as it is relatively short and collected by
caregiver report. This study employed the CREDI to measure the development of a sample of 994 children ages 22–
35 months in rural India and compared the results to those obtained using the Bayley Scales of Infant and Toddler
Development (Bayley-III), a reliable and widely used instrument, albeit one not always suited to large-scale data
collection efforts given its length, cost, and complexity of administration. The CREDI validation exercise showed
that caregivers can provide assessments in keeping with the more interactive (hence more time-consuming and
training-intensive) Bayley-III instrument.Noteworthy, therewas no indication that concordance of the instruments
differed by education of the caregiver. This is important as it points to alternate feasible tools to measure child
development outcomes through large-scale surveys.

Keywords: early child development; field assessments; low-income settings; concurrent validity

Introduction

Billions of dollars have been invested in a range
of interventions to improve nurturing care. For
example, the World Bank and the Inter-American
Development Bank have invested US$5 B com-
bined in early childhood development (ECD) since
2000 across every region of the developing world.1
It is hoped that such investments can close long-
term equity gaps in the productivity and earn-
ings of beneficiaries.2–4 Given the potential impor-
tance of such programs as well as the amount
invested, there is a need for rigorous evaluation,
especially to assess the impact of interventions
at scale5,6 and to monitor any resulting progress
in developmental outcomes at the population
level.7

These evaluation efforts require instruments to
measure ECD that are feasible for use in a wide
range of survey conditions, particularly for chil-
dren under the age of 3 years.1,7,8 However, many
of the frequently used diagnostic instruments,
such as the Bayley Scales of Infant Development,9
while reliable8,10 and sensitive to differences due
to interventions,11–13 are designed for use by clin-
ically trained professionals in specific contexts—
primarily high-income and westernized14—and are
difficult and expensive to adapt to field settings
in low-income environments.15 Moreover, most of
these tests are proprietary, involving expensive test
kits and administration fees (copyrights), and their
administration is long and requires the presence of
the child—all of which makes them impractical for
use at large scale.16
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There is, thus, a need for tools that assess
young children’s development that are reliable,
valid, adaptable, and feasible for use at scale, both
for program evaluation and population monitor-
ing. One such instrument is the Caregiver Reported
Early Development Instruments (CREDI), a rela-
tively new, open source instrument for assessing
ECD outcomes of children 0–36 months of age in
culturally diverse settings.17 The CREDI has both
a short form, designed for large-scale multipurpose
surveys and population-level monitoring, as well as
a long form intended for research and evaluation.
The long form of the CREDI was used in this study.
Both forms differ fromother instruments often used
in that they rely entirely on caregiver report and
were specifically designed for administration as part
of household surveys in low-resourced areas in a
broad array of culturally diverse settings. To date,
the CREDI has been piloted in 17 countries.18
The reliance on caregiver response is clearly an

advantage in terms of ease of implementation com-
pared with direct assessment of children, offering
more flexibility on the time and place of admin-
istration and the tester profile, as well as sub-
stantially reducing test training and administra-
tion times and requirements. But these gains are
only practical if the information obtained is deemed
reliable and valid. In the process of piloting the
CREDI, researchers have verified that the instru-
ment had the same relation with a latent devel-
opment construct whether the sample came from
a low-income country or a high-income setting
and also validated the instrument against other
instruments commonly used for measuring child
development.18 For example, an exercise in Brazil
ascertained its concurrent validity with a directly
administered measure, the Inter-American Devel-
opment Bank Regional Project on Child Develop-
ment Indicators (PRIDI).19,20 Similarly, a study in
Tanzania compared the cognitive scale, which also
includes language items, to the third edition of the
Bayley Scales, the Bayley-III.15,21 A recent review of
27 tools for early child development that covered
at least three domains rated the CREDI highly in
regard to validity and reliability.22
The current study, undertaken in two low-

income, mostly rural, districts in Madhya Pradesh,
India, adds additional evidence of the reliability and
validity of theCREDI by comparing results from the
long form of the CREDI to those observed using the

Bayley-III, often used as a standard to which other
instruments have been compared.16 As in previ-
ous studies, we ascertain the internal consistency of
both tests, aswell as the concurrence of the caregiver
observations given by the CREDI with the direct
observation of the child abilities obtained from the
Bayley-III, focusing on cognitive, language, and fine
motor development. We not only investigate the
covariation of the CREDI and the Bayley-III with
adjustments for age, as in previous studies, but also
explore correlations after controlling for the com-
mon role of socioeconomic covariates. We expect
that the same socioeconomic conditions will be
associated with both instruments and conjecture
that, after controlling for these common socioeco-
nomic factors, both measures will still indicate sim-
ilar patterns of child development. We further pay
attention to whether the relative performance of
the CREDI differs by the education of the caregiver
and other characteristics that may affect the care-
giver response. This is important for understand-
ing the determinants of developmental heterogene-
ity observed within a sample population. Finally,
we assess whether the CREDI conveys additional
information on the relationship of cognitive devel-
opment to nutrition and care indicators not iden-
tified with the Bayley-III instrument. Through this
analysis, we hope to contribute to establishing the
reliability and validity of a more practical—namely,
convenient to use—tool.

Methods

Study setting
The research was undertaken in the context of the
endline survey of a Cluster Randomized Control
Trial (CRCT) that evaluated the impacts on child
development of the expansion of daycare services
provided by the Indian Integrated Child Devel-
opment Services (ICDS) in the districts of Dhar
and Singrauli in Madhya Pradesh.23 These dis-
tricts occupy the 32nd and 26th wealth percentiles,
respectively, when ranking from poorest to wealthi-
est, based on the India’sNational FamilyHealth Sur-
vey (NFHS-4), which is representative at the district
level.24 The study design was a repeated cross sec-
tion of children 18–42 months. A baseline survey
was undertaken in September–December 2014 for
the purposes of the CRCT and the endline survey
was completed between January and February 2018.
Balance between the treatment and control groups
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was verified using the baseline data, including bal-
ance in ECD outcomes, which were assessed using
the Ages and Stages Questionnaire (third edition,
ASQ-3).25
Both the baseline and endline samples were

designed to be representative of all households in
the respective districts with at least one child under
5 years of age, and study size was based on power
calculations for the CRCT. As per the CRCT study
protocols, the sample included 200 community-
level clusters divided equally between the treatment
and control communities. In each community, 15
children were randomly selected from a listing of all
children aged 18–42 months residing within a cen-
ter’s catchment area and, therefore, eligible for the
program. As a few communities had fewer than 15
children in the age bracket, the endline survey was
completed with 2856 households. The full survey,
including the long form of the CREDI, was admin-
istered to the primary caregivers of the target chil-
dren (referred to as index children hereafter) in each
household. The Bayley-III was administered to the
subset of index children who were 22–35 months
of age at endline since the maximum age for which
the CREDI is designed is 36 months. All told, the
analysis sample for the purpose of comparing the
CREDI and the Bayley-III are 994 index children
falling within the age range of 22–35 months.
The initial IRB approval by IFPRI’s IRB (#

00005121) was amended before endline data collec-
tion to accommodate the inclusion of the admin-
istration of the CREDI and the Bayley-III (#
00007490). Caregivers provided written agreement
to undertake the data collection. The trial, Mak-
ing Integration the Operative Concept in the Indian
Integrated Child Development Services, was reg-
istered at the AEA RTC Registry as AEARTCR-
0000967.Written consent for trial participation was
also obtained from caregivers.

Instruments and training
As indicated, the study compares assessments of
child development using the long form of the
CREDI (hereafter, referred to simply as the CREDI)
with results using the Bayley-III, which is often con-
sidered the gold standard or, at least, one of themost
reliable instruments for assessing the development
of very young children (under 42 months).8,10
There is a total of 109 questions in the long form

arranged in increasing order of difficulty. However,

the number of responses for the CREDI depends on
the child’s age and development; there is a differ-
ent starting point for various age groups and then
the interview continues until there are five consec-
utive “no” answers. CREDI scores were generated
by processing the caregiver responses in the soft-
ware program R via the credi package following
the instructions of the CREDI team that developed
the measure.26 The credi package calculates scores
for each subcategory (motor, cognitive, language,
and socioemotional) as well as an overall devel-
opment score. The Bayley-III measures cognition,
receptive language, expressive language, fine motor,
and gross motor development by direct observa-
tion of the child’s performance in a series of tester-
administered items, arranged in increasing order
of difficulty. Basal and ceiling rules determine the
number of items to administer to each child.
The Bayley-III uses the Greenspan Social-

Emotional Growth Chart for the assessment of
socioemotional development, which is collected by
caregiver report.27 However, in the current study, we
did not collect the Bayley-III socioemotional scale
since a comparisonwith the CREDI socioemotional
domain would only compare two caregiver reports,
an undertaking that was not deemed germane to
the task at hand. Instead, we preferred to minimize
respondent’s fatigue and optimize testing time. Sim-
ilarly, we did not assess gross motor development
with the Bayley-III because of time and logistical
constraints. The gross motor scale requires the use
of certain materials (e.g., standardized steps not
provided by the publisher), which were difficult
to transport in the relatively remote study setting.
Thus, for the purpose of the current analysis, only
the cognitive, language (both receptive language
and expressive language), and fine motor scales of
the Bayley-III were used.
Both the CREDI and Bayley-III instruments were

translated into Hindi and back translated. Piloting
indicated small differences in the dialects of Hindi
in the two districts and minor accommodations
were made to reflect these. RehabInsights, a firm
with prior experience adapting and implementing
the Bayley-III in the Indian context, was respon-
sible for the adaptation of this instrument to local
conditions and to train a separate team of dedicated
testers (“testers” henceforth). Many pictures in the
standard instrument were adapted after pretesting
as the originals were not familiar to residents in the
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study site. For example, a banana was substituted
for a strawberry, bathing was substituted for swim-
ming, and a samosa was substituted for a cake. A
complete list of adaptations is available on request.
The CREDI was administered during household

interviews conducted by staff of the Oxford Pol-
icy Management Ltd. Thirty-five interviewers were
trained for 10 days on the main survey instrument,
which included theCREDI. The Bayley-III was con-
ducted at the day care center (the Anganwadi cen-
ter) of the ICDS, wherever possible. If the index
child was not available for the test at the Anganwadi
center, testingwas done at the child’s home (and this
was controlled for in the analysis). Twenty percent
of tests were undertaken in this manner. The proto-
col was to conduct both tests on the same day when-
ever possible. The fact that one test was with the
caregiver made this feasible.
Bayley-III testers were provided an extensive 6-

week training from November 27, 2017 to January
10, 2018. The training period was divided into two
parts: 2 weeks of theory training were followed by
1 week of practical training and 3 weeks of field
practice. Each tester had a chance to practice on
a minimum of 20 children. During these practice
sessions, interobserver reliabilities were calculated
among the testers and supervisors. While the train-
ingwas conducted for a total of 18 testers, in the end,
10 were selected based on their performance to con-
tinue with data collection.
We seek to assess the association of the CREDI

instrument and other aspects of childcare and child
outcomes. Thus, additional information collected
during the household endline included data on
anthropometry for the index child, collected follow-
ing standard WHO protocols, as well as informa-
tion on service provision from the ICDS. Caregiver
characteristics, including educational attainment,
were also collected. Maternal symptoms of depres-
sion were measured using the Center for Epidemi-
ologic Studies Short Depression Scale (CESD-10),
an adaptation of the 20-question scale in common
use in a range of settings, including rural India.28,29
We categorizedmothers with high depressive symp-
toms if their total score was of 10 or higher (out of a
total of 30) on the CESD-10 and with low depres-
sive symptoms, otherwise.29 In addition, the sur-
vey collected data on household assets and a house-
hold wealth index was constructed using principal
component analysis.30 Finally, the survey collected

information on the Family Care Indicators (FCI), a
commonly used measure of the quality of the home
environment.31

Analytic framework
The CREDI instrument is designed for children
from birth up to 36 months. However, the CRCT
required that the index child be old enough to have
spent time in day care. Since many sampled clus-
ters had relatively few children in the 22–35months
age bracket, which is included in CREDI coverage,
24.7% of the index children were between 36 and 42
months.
Given that the performance of the CREDI at the

boundary of ages for which it is designed is rele-
vant to program evaluations, where ages are often
recorded with error, we included all children (22–
42 months of age) in the wider survey of 2856
households in Figures S1–S3 (online only), which
illustrate possible ceiling effects in the assessed
CREDI domains. All other figures and tables in this
report are for the subsample of 994 children aged
22–35 months included in the direct comparison.
Figures S1–S3 (online only) show that there were
ceiling effects for only a modest proportion of items
for children older than 36 months, and for very few
items for younger children.As expected, the propor-
tion of positive caregiver responses declines as item
difficulty increases (those in the lower half of Fig. S1,
online only) for children of all ages.
In our analysis, we used the R software pro-

vided by CREDI to calculate a raw scaled (fac-
tor) score for each domain. Raw scores from both
instruments were then internally age-standardized
using age-conditional means and standard devia-
tions (SDs) following the nonparametric method
proposed elsewhere16 with two modifications: we
used age in months (instead of in days) and we did
not remove interviewers/testers’ effects before stan-
dardizing. The R package also provides a “norm-
referenced standardized score (Z-score)” for each
domain. Specifically, the referencing subtracts the
average raw score of children in a global refer-
ence population of the same age in months from
the observed raw score and then divide the differ-
ence by the age-specific SD. A Z-score of 0 thus
means that the child has exactly the same score
on that particular domain as the average same-age
child in the CREDI reference population. A score of
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“−1” means that the child’s raw score is 1 SD below
the same-age average of the reference population.
The Bayley-III also provides norm-referenced

scores.32 However, to utilize these for motor devel-
opment, it is necessary to have observations on
both gross and fine motor development. Thus, the
majority of the results reported in the main body
of this study use results that are referenced by
survey age conditional means; for comparison, we
report one key table as an appendix using the global
norm-referenced scores for cognitive and language
domains based on the R software package for the
CREDI and the Bayley-III administration manual.
We first investigated the reliability of the mea-

sures by exploring the internal consistency of each
tests’ domain using Cronbach’s alpha (α) for the
entire sample and separately by maternal education
(no education versus some education).We stratified
by education as a possible key mediating factor for
the CREDI, but not the Bayley-III, is the education
level of the respondent. However, any comparison
of scores across subgroups, such as educational cate-
gories, is conditional on the assumption that groups
view the survey items the same; that is, the mea-
surement structure of the latent cognitive domain
is “invariant.”33 Thus, we applied a structural equa-
tion modeling approach for latent index construc-
tion to the CREDI cognitive, language, and motor
domains to assess measurement invariance.
We next investigated validity. We assessed the

performance and covariation of the developmen-
tal scores from the two instruments in a variety of
ways. We started by conducting graphical descrip-
tive analysis on the scores from the two instruments,
using nonparametric regressions. To account for
the possibility that any observed correlation would
reflect the expected improvement of unadjusted
scores as a child ages, we present graphical analysis
with raw scores as well as with age adjusted scores.
We then computed the concurrence between scores
by domain using Pearson correlations (r) on both
raw (unadjusted) and internally age-standardized
scores (adjusted).
As such concurrence may be driven by the fact

that both indicators are strongly associated with
common factors, we subsequently decompose the
association in scores to covariation because of
observed characteristics and covariation in resid-
uals. To do this, the analysis first investigated the
conditional associations in each test between the

internally age-standardized aggregate development
scores and predictors, such as maternal education
and household asset wealth, which have been shown
in numerous previous studies to be significantly
related to child development.34 We then controlled
for the influences of these predictors by estimating
the residuals from the scores regressed on socioe-
conomic covariates. We investigated the cross-test
correlations of these residuals, which provide evi-
dence of the concurrence of the information on
child development in each domain of each test net
of the linear influence of key socioeconomic fac-
tors. As the education level of the respondent might
influence the reliability of her assessment, we inves-
tigated the stability of the associations between the
two scales across different levels of caregiver formal
education.
Finally, we related the developmental scores to

child height-for-age (HAZ) as well as a measure
of home stimulation environment—two outcomes
that have been shown in numerous settings to be
related to assessments of child development.6,29 The
strength of association of each development score to
these outcomes was assessed.

Results

Table 1 conveys the mean values for all charac-
teristics of the children and caretakers in the 994
children used in the analysis sample. We report
the mean for the raw scores as well as the global
norm referenced scores but do not report the locally
normed scores as they are centered at 0 by construc-
tion. Thirteen percent of the Bayley-III assessments
were observed by a study supervisor and only 1%
of the assessments involved a child break in which
the child had something to drink. Both factors may
influence performance in the Bayley-III and con-
sequently are controlled for in subsequent analy-
sis. The mean age of an assessed child is almost 29
months, and 51% of the children are boys. The asset
wealth score of the household is assigned to a quar-
tile indicator, and as expected, each quartile indi-
cator contains roughly 25% (ranging from 23% to
27%) of the sample. The educational attainment of
themothers in the study sample ranges from no for-
mal education to post-secondary completion. Given
the rural concentration of the sample, the educa-
tion distribution skews toward relatively low levels
of educational attainment with 59% of all mothers
reporting primary level education completed or less.
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Table 1. Test scores and characteristics of children in the study sample and their caregivers

Mean/proportion Standard deviation

CREDI scores
CREDI population standardized overall −0.70 1.01
CREDI population standardized cognitive −0.82 1.21
CREDI population standardized motor −0.61 1.18
CREDI population standardized language −0.60 0.97
CREDI raw score overall 51.34 0.88
CREDI raw score cognitive 50.80 0.87
CREDI raw score motor 51.49 1.06
CREDI raw score language 51.60 1.00

Bayley-III scores
Bayley-III population standardized cognitive 83.34 14.28
Bayley-III population standardized language 86.20 17.75
Bayley-III score cognitive 58.59 6.08
Bayley-III score fine motor 38.56 4.25
Bayley-III score language 50.09 11.05
Bayley-III taken at home 0.20 −
Was the test observed? 0.13 −
Were there breaks? 0.01 −

Child and mother characteristics
Child age (months) 28.92 3.47
Treatment
Wealth index

0.50 −

Bottom wealth quartile 0.23 −
2nd wealth quartile 0.27 −
3rd wealth quartile 0.25 −
Top wealth quartile 0.24 −

Child gender (male, n = 1) 0.51 −
Mother’s depression 0.17 0.37
Mother’s education

No education 0.39 −
Primary (less than 5 years) 0.20 −

Middle (6−8 years) 0.17 −
Higher (9−10 years) 0.10 −

Secondary and above (more than 11 years) 0.11 −
Observations 994

Note: The table includes the CREDI and Bayley-III raw scores. The wealth index is generated from a principal components analysis
(PCA) of underlying household assets. The variables “Was the test observed?” and “Were there breaks?” account for whether an
interviewer/tester was present during the survey and whether the child took a break during the survey. For the categorical variables
“Wealth index” and “Mother’s education,” we report the proportion for each category.

Only 11% of mothers report secondary attainment
or greater.
Figure 1 relays the nonparametric local polyno-

mial association between the CREDI and Bayley-
III raw scores, separately for the language, cogni-
tive, and motor domains. These were constructed
using the lpolyci nonparametric regression com-
mand in STATA with the standard kernel default.
The Pearson’s correlation coefficient in develop-

mental scores is estimated to be 0.40 for the lan-
guage domain, 0.28 for the cognitive domain, and
0.31 for the motor domain. Figure 1 indicates a
generally positive association throughout the distri-
bution of CREDI scores, with the possible excep-
tion of the upper range of CREDI scores for motor
and cognitive development (but not language)
where the association with Bayley-III appears to
weaken. Figure 2 again depicts the nonparametric
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Figure 1. Nonparametric relation between CREDI and Bayley-III’s raw scores. The Pearson correlation coefficient is 0.277 for
cognitive scores, 0.310 for motor scores, and 0.405 for language scores.

associations between the two measures, but now
the scores have been age standardized. The slope of
the associations of scores between the CREDI and
the Bayley-III do not differ by domain. The corre-
lation coefficients between the two scores are still
precisely estimated and positive, however, lower in
magnitude at 0.21 for the cognitive domain, 0.33
for the language domain, and 0.20 for the motor
domain.
Table 2 indicates the internal consistency of the

scores for each domain for both the CREDI and
the Bayley-III usingCronbach’s alpha (α). The inter-
nal consistency of any domain either approaches
or exceeds the conventional cutoff of 0.7, indicat-
ing a degree of consistency35 and is in accordance
with that observed in similar studies.15 Moreover,
estimated internal consistency in the CREDI was
no different for uneducated compared with edu-
cated mothers. This is notable since the CREDI is
a caregiver-reported instrument for which inter-
pretation and recall of children’s abilities may be
influenced by the education level of the respondent.
There are also no differences in consistency by the
age of the child (results not shown).
As education is an important mediating factor,

we assessed metric invariance with respect to the

education group of the caregiver and found that
only the cognitive domain exhibits metric invari-
ance (P < 0.01). However, the requirements for
testing for measurement or metric invariance are
difficult to meet, and strict forms of measurement
invariance rarely hold.33 The approach employed
tests for invariant factor loadings on the individ-
ual question items; thus, the test is sensitive to
the number of individual items. Since the CREDI
has numerous individual items, we also explored
metric invariance with respect to a random subset
of 10 individual items in the language and motor
domains.When we do so, we observe metric invari-
ance for the motor domain (P < 0.05) but not lan-
guage. Thus, there is some evidence for measure-
ment invariance in the CREDI, at least the cognitive
and motor domains, and that differences in scores
across education group represent real differences in
the latent construct.
Various socioeconomic factors are widely recog-

nized to affect child development. Table 3 inves-
tigates the relationship between development and
key socioeconomic covariates for both the CREDI
and the Bayley-III. As the scores are standardized
by age and normalized, each coefficient expresses
the change in SDs of the score associated with a
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Figure 2. Nonparametric relation between CREDI and Bayley-III’s locally age-adjusted scores. The Pearson correlation coeffi-
cient is 0.212 for cognitive scores, 0.199 for motor scores, and 0.332 for language scores.

unit change in the characteristic. For bothmeasures,
all developmental domains—cognitive, motor, and
language—are positively associated with wealth and
caregiver education, associations that are generally
statistically significant. For example, standardized
scores for the wealthiest quartile in all domains are
at least 0.6 SD higher than for the poor, and in
the case of Bayley-III language more than 1 SD
higher. Children whose mothers had 6–8 years of
education—that is, early middle school level—had
scores in the neighborhood of 0.2 SD higher than
those whose mothers had not gone to school. While
the point estimates (and statistical precision) were
not larger when the mother had more secondary
education, the point estimates were larger for the
children whose mothers had schooling beyond sec-
ondary. Most germane to the question of CREDI
performance vis-à-vis the Bayley-III, coefficients
for measures of education and assets are similar
between the two instruments, except for gender. In
the CREDI cognitive domain, boys scored signifi-
cantly lower than girls, while the opposite was the
case for the Bayley-III.
The results in the first three rows of Table 4 indi-

cate correlations of residuals after regressing locally
age-standardized scores on control variables. Corre-

lations with residuals using raw scores of the CREDI
and the Bayley-III are also included in parenthesis
for comparison. The first set include only controls
for tester/interviewer as well as an indicator for
the few tests that were paused to allow the child to
rest. This parallels a similar analysis in Tanzania.15
The next set of columns relay the correlations of
residuals from regressions that sequentially add the
caregiver’s education and subsequently the house-
hold socioeconomic quartile. As expected, the
correlations decline as additional adjustments for
common determinants are included; adding both
education and socioeconomic quartile reduces the
correlations by approximately 25%. The correla-
tions with all the adjustments are, nevertheless,
significantly different from zero (and positive). The
relatively smaller correlations for motor develop-
ment may reflect the fact that the CREDI motor
scale includes both gross and fine motor items
while only the Bayley-III fine motor scale was
collected.
The next three rows of Table 4 reveal that the

correlations of caregiver-reported cognitive, lan-
guage, and motor development, and the Bayley-III
assessments do not differ appreciably by level of
education after controlling for child and caregiver
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Table 2. Internal consistency of the CREDI and Bayley-III in the sample (Cronbach’s alpha)

Cronbach’s alpha by mother’s education

Cronbach’s alpha No education Any education Number of items

CREDI cognitive 0.8013 0.8089 0.7901 25
CREDI language 0.7547 0.8915 0.8901 36
CREDI fine motor 0.7741 0.7825 0.7677 23
Bayley-III cognitive 0.9088 0.9114 0.9100 43
Bayley-III language 0.9409 0.9317 0.9455 69
Bayley-III fine motor 0.8958 0.8951 0.8978 32

characteristics. This addresses a concern that less
educated caregivers might report the activities of
their child in a manner that was less in conformity
with independent observations than are observa-
tions by those with more education. In particular,
there is no support to either the view that unedu-
cated caregivers might be less accurate in reporting
the skills of their child relative to the Bayley-III or
conversely that the most educated caregivers might
see skills in their child that are less apparent to the
staff administrating the Bayley-III.
As indicated further in Table 4, however, moth-

ers who report relatively high numbers of symp-
toms of depression seem to report skills that are
less in accord with the Bayley-III results than
those reported by caregivers with fewer symptoms.
For example, the correlation of cognitive scores as
reported by mothers with low depressive symptoms
with the Bayley-III cognitive scores is 19% larger
than it is for mothers with more depressive symp-
toms.
It is possible that greater contact with service

providers, as occurred in the treatment group of the
CRCT, might make caregivers more aware of devel-
opment milestones and, thus, improve their abil-
ity to assess the development of their child. The
next row of Table 4 indicates that there is only a
small difference in the association of the results in
the two indicators by treatment status in the CRCT.
That is, caregivers of participants in the day care
program report development of their child that is
only slightly more in concordance with the results
in the Bayley-III. Finally, the bottom panel of the
table shows that there are slight differences in the
correlations based on where the Bayley-III test took
place. The correlations of residuals are quite similar
to those reported in Table 4 when the global popula-
tion reference groups are used to standardize results

instead of when age-standardizing using the survey
data (Table S1, online only).
Table 5 presents regressions that explore the joint

association of both the CREDI and the Bayley-III
with two variables widely believed to be strongly
associated with a child’s level of development, and
often used as proxies: early life nutrition and dis-
ease exposure, as summarized in the HAZ score,
and the home environment, asmeasured by the FCI.
Although no direction of causality is implied by the
regressions, they indicate that information in both
the CREDI and Bayley-III scores is significantly
and, at times, independently associated with these
two measures. Interestingly, the FCI is positively
related to both the Bayley-III and CREDI language
domains (and not other domains), indicated by the
fact that both the coefficient of the CREDI and the
Bayley-III language domains are significant at P <

0.01 in the regression for FCI.While the conditional
association is greater in magnitude for the CREDI
than the Bayley-III, the two associations are not sta-
tistically significantly different fromeach other. This
suggests that there may be independent elements
in the two language domains that identify comple-
mentary but distinct aspects of language develop-
ment. Regarding the HAZ Z-score, it is the CREDI
cognitive domain and the Bayley-III gross motor
domain that are positively related toHAZ. This sug-
gests that, while the CREDI motor domain adds
little over the (more associated) Bayley-III motor
domain with regard to predicting HAZ, it is the
opposite case with regard to the cognitive domain—
the conditional covariation of HAZ loads onto the
CREDI cognitive score and not the Bayley-III. We
take this as suggestive evidence that the Bayley-III
and CREDI index may measure somewhat distinct
elements of child development, rather than entirely
the same construct.
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Table 3. Conditional associations between CREDI or Bayley-III locally age-standardized scores and covariates

CREDI
cognitive

Bayley-III
cognitive

CREDI
motor

Bayley-III
fine motor

CREDI
language

Bayley-III
language

Child age (months) 0.004 0.028∗∗∗ 0.008 0.009 0.007 0.021∗∗∗

(0.007) (0.008) (0.008) (0.008) (0.008) (0.008)
Child gender (male, n = 1) −0.120∗∗ 0.190∗∗∗ −0.071 0.048 −0.155∗∗∗ −0.026

(0.051) (0.056) (0.053) (0.059) (0.053) (0.056)
Household wealth

Bottom wealth quartile − − − − − −
2nd wealth quartile 0.168∗∗ 0.098 0.153∗∗ 0.167∗∗ 0.099 0.268∗∗∗

(0.072) (0.079) (0.075) (0.083) (0.075) (0.079)
3rd quartile 0.228∗∗∗ 0.243∗∗∗ 0.232∗∗∗ 0.215∗∗ 0.286∗∗∗ 0.481∗∗∗

(0.075) (0.082) (0.078) (0.086) (0.079) (0.082)
4th quartile 0.572∗∗∗ 0.678∗∗∗ 0.547∗∗∗ 0.679∗∗∗ 0.681∗∗∗ 1.034∗∗∗

(0.078) (0.087) (0.082) (0.091) (0.082) (0.087)
Maternal education

No school − − − − − −
Primary (less than 5 years) 0.127∗ 0.181∗∗ 0.064 0.129 0.069 0.236∗∗∗

(0.070) (0.077) (0.073) (0.080) (0.073) (0.077)
Middle (6−8 years) 0.174∗∗ 0.133∗ 0.225∗∗∗ 0.222∗∗∗ 0.192∗∗ 0.210∗∗∗

(0.072) (0.080) (0.075) (0.084) (0.076) (0.080)
Higher (9−10 years) 0.205∗∗ 0.103 0.262∗∗∗ 0.102 0.104 0.112

(0.088) (0.097) (0.092) (0.102) (0.092) (0.097)
Secondary and above (more than

11 years)
0.345∗∗∗ 0.261∗∗∗ 0.337∗∗∗ 0.214∗∗ 0.276∗∗∗ 0.341∗∗∗
(0.089) (0.099) (0.093) (0.104) (0.094) (0.099)

Was the test home? 0.113∗ 0.138∗ 0.118∗ 0.093 0.086 0.038
(0.065) (0.073) (0.068) (0.077) (0.069) (0.073)

Was the test observed? −0.224∗∗∗ −0.177∗∗ −0.213∗∗

(0.083) (0.087) (0.083)
Were there breaks? −0.484∗ −0.394 −0.503∗

(0.257) (0.270) (0.257)
Constant −0.515∗ −0.840∗∗∗ −0.486∗ −0.285 −0.682∗∗ −0.849∗∗∗

(0.278) (0.268) (0.290) (0.281) (0.291) (0.268)
Observations 994 994 994 994 994 994
Adjusted R2 0.392 0.204 0.331 0.153 0.326 0.239

Note: All coefficients derive from ordinary least squares (OLS) regressions with standard errors clustered at the survey enumeration
(village) level. CREDI and Bayley-III scores are locally age standardized. Age is added in the analysis to correct for any residual
variance. The wealth index is generated from a PCA of underlying household assets. The variables “Was the test observed?” and
“Were there breaks?” account for whether an interviewer/tester was present during the survey and whether the child took a break
during the survey. All regressions include interviewer/tester fixed effects. Standard errors in parentheses.
∗P < 0.10; ∗∗P < 0.05; ∗∗∗P < 0.01.

Discussion

Results from this application of the CREDI indi-
cate that the instrument appears to perform well
with regard to a recognized standard in rural north-
ern India. This is in line with the evidence from
other studies18 and supports the view that the
CREDI is useful within a range of settings, including
low income/low education communities. In many
respects, the correlations that removed the com-

mon influences of education and wealth covari-
ates, both of which are associated with measures of
child development, are particularly relevant for this
assessment. The results show that after adjusting for
underlying determinants, the information in indi-
vidual development scores in the CREDI remains
significantly correlated with information provided
by the more resource-intensive Bayley-III. Fur-
thermore, the results provide supportive evidence
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Table 4. Correlations of Bayley-III Residuals with CREDI Residuals (N = 994)

Note: All coefficients derive from OLS regressions with standard errors clustered at the survey enumeration (village) level. CREDI
and Bayley-III scores are locally age standardized. Age is added in the analysis to correct for any residual variance. The wealth index
is generated from a PCA of underlying household assets. The variables “Was the test observed?” and “Were there breaks?” account
for whether an interviewer/tester was present during the survey and whether the child took a break during the survey. All regressions
include interviewer/tester fixed effects. Standard errors in parentheses.
∗∗∗P < 0.01.

indicating that both measures reflect the child’s
environment in a similar but not identical manner.
This conclusion is also supported by the fact

that household wealth and caregiver education are
associated with age standardized CREDI scores
over the three domains of cognition, language,
and motor development in accord with interna-

tional experience.18,36 Moreover, the association
with the CREDI is quantitatively close to the asso-
ciation of these covariates with the standardized
Bayley-III scores. That the two measures show
concordance reinforces previous evidence that the
CREDI is useful for assessing child development
in a community,18 subject, of course, to the caveat
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Table 5. Conditional associations between CREDI and Bayley-III’s scores and other developmental measures

Height for age Z-score FCI score

CREDI cognitive 0.219∗∗ 0.074
(0.093) (0.050)

CREDI motor −0.120 −0.026
(0.080) (0.043)

CREDI language 0.044 0.160∗∗∗

(0.074) (0.040)
Bayley-III cognitive 0.004 −0.015

(0.054) (0.029)
Bayley-III motor 0.227∗∗∗ 0.017

(0.051) (0.027)
Bayley-III language 0.073 0.080∗∗∗

(0.055) (0.030)
Child age (months) −0.018∗ 0.006

(0.011) (0.006)
Child gender (male, n = 1) −0.007 0.036

(0.076) (0.041)
Household wealth

Bottom wealth quartile − −
2nd wealth quartile 0.001 0.106∗

(0.107) (0.058)
3rd wealth quartile 0.067 0.150∗∗

(0.114) (0.062)
Top wealth quartile 0.361∗∗∗ 0.473∗∗∗

(0.127) (0.069)
Maternal education
No school − −

Primary (less than 5 years) 0.132 0.043
(0.103) (0.056)

Middle (6−8 years) 0.018 0.040
(0.108) (0.058)

Higher (9−10 years) 0.112 0.044
(0.131) (0.071)

Secondary and above (more than 11 years) 0.370∗∗∗ 0.397∗∗∗

(0.134) (0.073)
Constant −1.811∗∗∗ 0.393

(0.451) (0.244)
Observations 993 994
Adjusted R2 0.134 0.454

Note: All CREDI and BAYLEY-III scores are locally age standardized. The wealth index is generated from a PCA of underlying
household assets. All regressions include interviewer/observer fixed effects, test location, and information on breaks. Standard errors
in parentheses.
∗P < 0.10.; ∗∗P < 0.05; ∗∗∗P < 0.01.

as to inference from the context of a single cul-
ture and restricted age coverage. At the same time,
the two instruments have independent associations
with nutrition and indicators of the quality of the
home care environment implies that they provide
complementary information and may be most use-
ful in tandem rather than as substitutes.

The reason for the gender difference in the results
of these two instruments, however, is not readily
apparent. The CREDI results here are more in keep-
ing with past studies using the instrument18 than
are those for the Bayley-III, which generally show
that girls outperform boys in contrast to the results
reported here.37,38 The differences may be related
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to a gender related bias on the part of the Bayley-
III assessors. Alternatively, or additionally, young
boys and girls in this region of India may differ in
their reticence to perform for the Bayley-III asses-
sor; such differences in desire to perform have been
noted in various settings.39,40 The current study,
however, was not designed to assess the reasons the
CREDI differs from the Bayley-III on this one pat-
tern. Such gender differences are, nevertheless, an
area worthy of future investigation.
The results here also address one potential draw-

back of the CREDI, that relatively uneducated care-
givers might be less likely to provide informa-
tion that corresponds to the observations of a
trained researcher than would their more educated
neighbors.8 In this study, caregiver (respondent)
education does not appear to be a barrier to the
validity of information conveyed in self-reported
child development assessments. While the differ-
ence in the association with the Bayley-III with
regard to maternal depression is modest in our
study, it may reflect such a barrier, and would need
to be further investigated in future studies.
We did not have multiple tests of the same child

over time, so the study did not add to the evi-
dence that the CREDI is reliable as defined by the
within-subject intertemporal reliability of results.
Another limitation of the study is that we are unable
to compare the two instruments as indicators of
project impact. Although the data were collected
as part of a CRCT, neither cognitive nor motor
domains were affected by the treatment using the
full CREDI sample.23 Thus, the comparison pro-
vides little insight about whether these two mea-
sures are equally capable of capturing effects of an
intervention. For example, although we see a small
difference in the association of CREDI and Bayley-
III scores by treatment status, neither of these out-
comes are influenced by the intervention; the null
effect could not be rejected with a level of signif-
icance of P < 0.10. Therefore, the current study
does not address whether the CREDI is as useful
for program impact evaluation as other established
methods. The fact that we are unable to determine
whether theCREDIwould be subject to social desir-
ability biaswhenused in an assessment of a program
that aimed to provide center-based early childcare
hints at an important area for future research.
Another drawback is the restricted age range. We

cannot say anything for children younger than 22

months, for which the assessment of child devel-
opment is more complex and the number of easy
to use instruments further limited—an area for
future investigation. Additionally, future research
can assess the longitudinal predictive reliability of
the CREDI relative to other caregiver responses, as
well as compared with direct professional assess-
ment. As any instrument for assessing child devel-
opment will be called upon for these tasks, such
research will help determine the role of the CREDI
as a component of an ECD toolkit. As mentioned,
the goal of this study was to assess caregiver
response vis a vis direct child assessment. As such,
the socioemotional domain was not covered in this
paper. It remains, however, a potentially important
dimension of the CREDI instrument.
All told, the results suggest that the CREDI

may be a suitable alternative to expert assessment
in a variety of low-income contexts and, more-
over, may be a useful complement to expert assess-
ments in other studies. Indeed, items in the CREDI
have already contributed to the Global Scale for
Early Development (GSED), a new effort, currently
in development, aimed at generating two glob-
ally applicable instruments—that is, internationally
standardized and validated instruments—for the
assessment of ECD for children under age 3 years
at population (short form) and programmatic (long
form) levels. Led by the WHO, the GSED group
encompasses the harmonization of the CREDI and
the instruments and methodologies developed by
two other groups: the Young Child Development
group and the Global Child Development group.41
The instrument has also been used in the design of
the Early Child Development Index, which is part
of UNICEF’s Multiple Indicator Cluster Surveys.

Conclusion

That the CREDI appears to perform well with
regard to a recognized standard, and at a lower cost
than that standard, in disparate contexts, suggests
that the CREDI may be a suitable alternative to
expert assessment in large-scale surveys in a variety
of low-income contexts. It exhibits adequate validity
with respect to the more resource-intensive Bayley-
III assessment. Given its comparative simplicity,
the CREDI can be relatively easily included in
environmental studies and as a practical indicator
for a range of child-oriented projects. Furthermore,
it has potential to serve as a component for a

70 Ann. N.Y. Acad. Sci. 1492 (2021) 58–72 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Alderman et al. Performance of the CREDI in rural India

multidimensional global instrument to assess child
development.
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