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Abstract

Background: Valid and reliable measurement of early childhood development (ECD) is critical
for monitoring and evaluating ECD-related policies and programmes.

Objective: To systematically appraised available evidence on the psychometric properties of tools
used to measure ECD in low- and middle-income countries (LMICs).

Design: We searched MEDLINE, Embase, PubMed, PsycInfo, SciELO, and BVS. We included
studies that examined the reliability, validity, and measurement invariance of tools assessing ECD
in children 0-6 years of age living in LMICs. Each study was independently screened by two
researchers and data extracted by one randomly assigned researcher.

Results: A total of 153 articles covering 114 tools met inclusion criteria. Most reported
psychometric properties were internal consistency reliability (n=114, 65%), concurrent validity
(n=78, 45%), test-retest reliability (n=72, 41%), convergent validity (n=72, 41%), and structural
validity (n=69, 39%). Measurement invariance was least commonly reported (n=17, 10%). Most
articles came from Brazil, China, India, and South Africa. Most psychometric evidence was from
urban (n=89, 51%) or urban-rural (n=39, 22%) contexts. Study samples focused on children aged
6-17.9 or 48-59.9 months. The most assessed developmental domain was language (n=105, 60%),
followed by motor (n=98, 56%) and cognitive (n=77, 44%).

Conclusions: Psychometric evidence is fragmented, limited, and heterogeneous. More rigorous
psychometric analyses, especially on measurement invariance, are needed to establish the quality
and accuracy of ECD tools for use in LMICs.

PROSPERO registration: CRD42022372305
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23 Key messages

24 What is already known on this topic

oNOYTULT D WN =

25 e A critical aspect to monitoring and evaluating interventions and policies to improve early
10 26 childhood development (ECD) in children <6 years of age in low- and middle-income
13 27 countries (LMICs) is the availability of reliable and valid assessment tools.

15 28 o Existing literature largely focuses on individual ECD tools, ECD domains, or psychometric
1729 properties.

30 What this study adds

22 31 e This systematic review provides a comprehensive systematic appraisal of available
24 32 psychometric evidence of ECD tools used in LMICs.

57 33 e The analysis is unique in that it disaggregates articles by those developing or creating new
29 34 ECD tools and those using or adapting existing tools. It further provides the first
31 35 disaggregation by urban and rural setting.

34 36 e The analysis additionally looks at psychometric evidence for specific child age groups to
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36 37 provide a more in-depth understanding of adequate tools to measure ECD in the early years.
38 38  How this study might affect research, practice or policy

39 e The findings highlight the need for rigorous research and psychometric analyses in diverse
43 40 child populations to ensure improved population level assessment and monitoring and
45 41 evaluation of ECD policies and programs.

42
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INTRODUCTION

The Sustainable Development Goals (SDGs) recognise the importance of early childhood
development (ECD),! which sets the foundation for children’s later learning and economic
outcomes.?* Rigorous ECD measurement is critical for accurate comparability of children’s skills
across populations and time, evaluating the effectiveness of ECD interventions, and tracking ECD-
related policies.

In low-and-middle-income countries (LMICs), >140 tools (60% of which originated in
high-income countries (HICs)) have been used to assess ECD in children 0-8 years old.> Directly
applying ECD tools from HICs in LMICs can be problematic without psychometric evidence for
new cultures and contexts. Few studies to-date have synthesised the evidence on the psychometric
properties of ECD tools.

Evidence pertaining to a tool’s reliability, validity, and measurement invariance in a given
context is critical for selecting an ECD outcome or indicator. Other factors include the purpose of
measurement, the population and age-range of interest, and the developmental domain(s) of
interest.® Evidence of reliability and validity ensures consistent and accurate ECD measurement,’
whereas evidence of measurement invariance guarantees assessment of the same construct across
countries, sub-groups, and time.”®

Prior reviews have provided guidance for selecting ECD tools for use in LMICs>%-!! and
underscored that evidence on tool reliability and validity is fundamental.®!® However, prior work
has often focused on individual ECD domains,!?"!4 which has limited use for population level
assessment or tracking of SDG-related policies, or a subset of psychometric properties,!? which is
not evidence of reliability and validity as a whole. Further, prior reviews do not disaggregate use

of ECD tools by HICs vs LMICs or urban vs rural settings,'>"'4 despite known and persistent
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1

2

2 66  disparities in ECD by country income level and urban/rural residence!>!'® and the fact that young
6 67  child populations are increasingly diverse due to migration and urbanization.!* These are important
7

8 68 distinctions given that psychometric properties can vary by population characteristics.

9

1(1) 69 We reviewed available evidence on 11 psychometric properties of tools used to assess ECD
:g 70 in children 0-6 years old living in LMICs. Our findings can assist stakeholders in selection of ECD
14

15 71  tools with adequate psychometric evidence for the intended use, and inform what research is
16

17 72 needed to improve how we track ECD-related SDGs, programmes, and policies in LMICs.

19 73

22 74 METHODS

24 75 We identified articles in any language through MEDLINE, Embase, PubMed, PsycInfo,
26 76  SciELO, and BVS (Supplemental Methods, Supplemental Table 1). Full-text, peer-reviewed
29 77  articles were included if: (1) the studies were conducted in a LMIC, (2) included children 0-6 years
31 78  old, (3) included at least one ECD domain (cognitive, language, motor, social-emotional,

33 79  attention/executive function, personal-social, and pre-academic/academic) defined in
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80  Supplemental Table 2, (4) developed a new tool or adapted an existing one, and provided primary
38 81 evidence of at least one of 11 psychometric properties in terms of reliability, validity, or

40 82  measurement invariance (Table 1), and (5) were published between January 1, 2007 and March 9,

fé 83  2023. We considered all ECD tools regardless of their intended or actual use (diagnosis, screening,
44
45 84  or surveillance). We included both articles that adapted original tools (“adaptation articles”
46

47 85  hereafter) and articles that developed new tools (“development articles” hereafter). Cited
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42 86  references were reviewed for potential inclusion. We excluded articles where a tool was used to
5o 87  assess an outcome measure (e.g., trials reporting impacts on ECD outcomes), but the article did

54 88  not include measurement objectives.!” Among articles with an explicit measurement focus, we
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excluded those reporting only on convergent validity (e.g., correlations with socio-demographic
variables) which alone provides limited psychometric evidence.!”

Search results were imported into Covidence, where duplicates were automatically
removed. Two reviewers independently screened titles and abstracts for inclusion and reviewed
full texts of retained articles. Disagreements in screening or full text review were resolved through
discussion with a third reviewer. Each article was extracted by one reviewer using a standard data
extraction sheet (Supplemental Methods). For quality assurance, 20% of articles were randomly
selected for independent extraction by a second reviewer. Any discrepancies regarding data
extraction were resolved by a third reviewer. Authors of included articles were not contacted when
information was missing or unclear.

Seven reviewers assessed risk of bias using a checklist created by the authors
(Supplemental Methods), which contained three categories of bias due to: (1)
training/administration (not assessed for tools relying on self-assessment), (2) selective reporting
(only assessed for studies reporting on convergent or predictive validity), and (3) missing data.
Each article was rated separately on each category using the following ratings: low risk, some
concerns, high risk, and very high risk. We also assessed indirectness of populations ! by assessing
whether the sample was limited to a specific setting, the tool covered the entire age range it was
intended for, subgroups were generalisable, and results were generalisable. Where insufficient
information was provided in the article, we rated the study as “unable to assess”. Disagreements
for articles assessed by two reviewers (20%) were resolved through discussion with a third
reviewer.

Data analysis was conducted at the article-tool level because some articles reported on

multiple tools. We created binary indicators for whether evidence on each one of the 11
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1

2

2 112 psychometric properties was reported. In longitudinal studies, we considered the psychometric
5 . . . . . .

6 113 properties reported at any time point. We then summarised the evidence by country, location, age
7

8 114  group at assessment, and type of article (development vs adaptation). Results were synthesised
9

10 115 narratively.

116
15 117  Results
17 118 Our search strategy identified 6,430 records from six databases and two other sources
19 119 (Figure 1). After removing duplicates, 5,388 records were excluded during title and abstract
52 120  screening. After full text review of the remaining 250 records, 98 records were excluded. We
24 121  included 153 articles, covering 114 tools. Four articles reported on multiple tools, resulting in 175
26 122 article-tool combinations (referred to as articles for brevity).
29 123 Most articles were adaptation article (n=140, 80%) (Figure 2, Supplemental Table 3).
31 124  The most often evaluated psychometric properties were internal consistency reliability (n=114,

33 125  65%), concurrent validity (n=78, 45%), test-retest reliability (n=72, 41%) convergent validity
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126  (n=72,41%), and structural validity (n=69, 39%). Measurement invariance was the least frequently
38 127  reported psychometric property (n=17, 10%) and was primarily evaluated over countries and child
40 128  sex. The number of articles increased over time (Supplemental Figure 1). Between 2007-2010,

42 129 most included articles were development articles; since 2011, most included articles have been

44
45 130 adaptation articles.

46

47 131 Psychometric evidence came from 53 countries (Figure 3); one-third of articles came from
48
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49 132 Brazil (n=22, 12%), China (n=18, 10%), India (n=13, 7%), and South Africa (n=10, 5%). For 40%
5o 133 of countries represented, there was only one article reporting psychometric evidence

54 134  (Supplemental Table 4). Psychometric evidence for each ECD tool included was generally
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limited to 1-2 countries with a few notable exceptions: the Global Scales for Early Development
(GSED, 32 countries), the Caregiver Reported Early Development Instrument (CREDI, 18
countries), the International Development and Early Learning Assessment (IDELA, 17 countries),
the Bayley Scales of Infant and Toddler Development, Third Edition (BSID-III, 12 countries), and
the Ages and Stages Questionnaire-3 (ASQ-3, 11 countries) (Supplemental Table 5).

Most psychometric evidence came from urban (n=89, 51%) or urban-rural (n=39, 22%)
settings. In South Asia and Sub-Saharan Africa, a similar number of articles originated from urban,
rural, and urban-rural settings (Supplemental Table 6).

For development articles, a single article reported psychometric properties for all tools
except for the CREDI covered in two articles (Supplemental Table 7). For adaptation articles,
ASQ-3 and BSID-III were most often studied (13 and 11 articles, respectively). For 75% of tools
only a single article provided psychometric evidence (Supplemental Table 8).

Although included tools targeted 0-71.9-month-old children, most studies focused on
children 12—17.9 month (n=83, 47%), 6-11.9 months (n=78, 45%), or 54-59.9 months (n=74, 42%)
old. Articles largely did not cover the full age groups defined here, or the full age range the ECD
tool can be used for. Some articles included age groups as narrow as one month (Supplemental
Figures 2-3).

Most articles reported on language (n=105, 60%), motor (n=98, 56%), and cognitive (n=77,
44%) development (Supplemental Table 9). Academic/pre-academic was the least studied
domain (n=8, 5%). Within domains, internal consistency reliability was most frequently reported
(Figure 5).

Bias due to training/administration was assessed for 53 articles (30%): 24% had low risk

of bias (n=42) and 6% some concerns (n=11) (Supplemental Tables 10-11). Most articles (n=80,
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1

2

2 158  82%) had low risk of bias due to selective reporting. Risk of bias due to missing data was assessed
5

6 159  for 130 articles (74%): 28% had some concerns (n=49) and 4% high risk (n=4). For indirectness,
7

8 160 18 articles (10%) were rated as generalisable and 81 (46%) as probably generalisable.

9

10 161

11

1> 162 DISCUSSION

14

15 163 Based on 153 articles, available evidence on 11 psychometric properties of 114 ECD tools
16

17 164  for children 0-6 years old is fragmented, limited, and heterogeneous. The most frequently provided
19" 165 evidence was on internal consistency reliability, test-retest reliability and/or concurrent,
52 166  convergent, and structural validity. Psychometric evidence on measurement invariance was the
24 167 least commonly available. Although evidence came from 53 LMICs, four countries were most

26 168  represented. Most evidence came from urban or urban-rural settings. The most studied tools were

29 169 ASQ-3 and BSID-III.

30

31 170 Our findings support ECD measurement trends:!'® much of the work on psychometric
32

33 171  properties is recent, with ECD tools being developed and adapted concurrently. Psychometric
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172 efforts remain limited to a few ECD tools,?*2! individual ECD domains,'?~'% and few psychometric
38 173  properties.'®!? This fragmentation is evidenced here by included articles focusing on individual
40 174  countries, limited age ranges, and single developmental domains. The resulting heterogeneous
42 175 psychometric evidence can hinder comparability and large-scale monitoring of ECD policies and
45 176 programmes within and across LMICs, which is crucial for identifying and implementing effective

47 177  approaches to support ECD.
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2178 Despite efforts to consolidate ECD measurement through tools like CREDI, GSED, and
5o 179 IDELA, such tools do not fully meet research, programmatic, and policy needs as evidenced by

54 180 the increase of adaptation and development articles since 2015. This is not surprising given that

58 10
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no ECD tool is suitable for all populations.?> Our disaggregation by development and adaptation
articles permitted better understanding of the psychometric evidence available and highlighted
evidence gaps for both existing and newly developed tools.

This review highlights four important limitations of existing psychometric evidence for
ECD tools in LMICs. First, although most tools are designed for a wide age range, the
psychometric evidence behind most tools pertained to narrower age ranges and in some cases as
narrow as one month. This may have limited applicability to diverse age ranges (given that there
is a natural variability in child development in the early years'?) in these specific contexts.
Relatedly, most psychometric evidence pertained to urban contexts. Given existing urban-rural
disparities in ECD'>1¢ and increasingly diverse young child populations in urban settings,'> ECD
tools whose psychometric properties were examined only in urban settings might be inadequate
for rural settings. Those developing or adapting ECD tools should consider establishing
psychometric properties across the full intended child age range and across both urban and rural
settings. Although this implies longer, more expensive, and logistically difficult studies, it would
ensure the tool can be used broadly and in more diverse populations.

A second limitation is the very little evidence on measurement invariance. While several
studies reported on samples drawn from multiple countries, few conducted statistical analysis to
test for equivalence across countries, thus providing no evidence of measurement invariance.?
Cross-country invariance, which guarantees assessment of the same construct across countries, is
key for tracking global SDG goals. Further, there was a scarcity of articles on measurement
invariance over time, a property which guarantees observed changes can be attributed to
interventions/policies rather than fluctuations in the measure’s stability over time.®?3 Psychometric

evidence of measurement invariance even for the most widely used tools to assess intervention

11
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1
2
2 204  impact like BSID?* is limited in LMICs. This may be because establishing measurement invariance
6 205  over time is particularly challenging due to the natural variability in child development in early
7
8 206 life.’> Measurement non-invariance can lead to incorrect conclusions about
9

10 207 intervention/programme effectiveness.® More work in this domain is needed particularly for tools
208  widely used for policy making and programme evaluations. Measurement work should be
15 209  considered relative to competing and more urgent ECD priorities in LMICs.

17210 Third, consistent with existing literature, we found limited psychometric evidence on tools
19 211 measuring socio-emotional and personal-social development.'3?3 This is surprising given that
57 212 these two domains are among the most culturally specific,!® implying they require more
24 213  comprehensive and rigorous adaptation. Psychometric evidence on tools to assess
26 214  attention/executive function and academic/preacademic development was most limited. Without
20 215 additional work to establish a psychometric base, this poses major challenges for those seeking to
31 216  monitor these domains in early life.

33217 Lastly, our assessment of study quality demonstrated a common lack of reporting and
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218  transparency in training of assessors and data management. Risk of bias could not be assessed for
38 219 many included studies or was considered high. Better reporting standards and guidelines for
40 220  psychometric studies can help strengthen the field and ensure more critical evaluation of the
42 . . .

221  evidence is possible.
45 222 Nevertheless, some ECD tools had multiple forms of psychometric properties assessed.

47 223  Using IDELA as an example: one article examined three types of reliability and one type of

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

42 224 validity, drawing on pilots from 12 countries,'® followed by another article examining
5 225 measurement invariance across countries.”” Subsequent articles have examined additional

54 226  psychometric properties, albeit in individual countries.?2” Although such examples of
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consecutively examining psychometric properties should be the norm, they are often financially
and logistically infeasible and the timing does not always align with programmatic and policy
agendas. When prior evidence is unavailable and psychometric studies not possible, statistical
analysis should be conducted to verify psychometric properties and at a minimum should include
reporting internal consistency reliability and structural validity (where relevant). This can help
build evidence across multiple settings and populations and confirm the usefulness of ECD tools
with diverse populations.

Several strengths of our review should be noted. We used extensive search filters, made no
restrictions on domains, included both single- and multi-domain tools, and had a rigorously trained
team with diverse backgrounds in ECD measurement in LMICs. Nevertheless, we acknowledge
some limitations. We excluded studies published prior to 2007, the search start year when the
inaugural Lancet Series on Child Development in Developing Countries was published which
fundamentally changed the breadth and scale of ECD research in LMICs. Therefore, the search
period captured the most important years for the evolution of psychometric research on ECD tools
in LMICs. Further, although we applied no language restrictions, we were limited to the languages
spoken by the review team. We were unable to conduct full text review and extraction for articles
in Chinese, Farsi, and Turkish. Consequently, results from China, Iran, and Turkey may be

underrepresented.

CONCLUSION
Psychometric evidence is fragmented, limited, and heterogeneous. More research is
warranted to establish the applicability of existing tools in diverse populations, including urban

and rural settings, and on establishing measurement invariance over countries and time.

13
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1
2
2 250  Nevertheless, the results by country and ECD tool presented here can serve stakeholders in
6 251  selecting tools with at least some available psychometric evidence. To improve monitoring,
7
8 252  evaluation, and accountability for ECD globally, psychometric evidence should be a key
9

10 253 consideration when selecting ECD tools. Improved reporting for psychometric studies can help
254 ensure transparency, replication, and adequate ability to assess the quality of evidence.

15 255
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Domain Measurement Example test statistic Definition
property
Reliability The consistency of a test or measgrerfzent, i.e., how
consistently a measure produces éﬁrﬁ" r results with repeated
measures over a short period of tugqg Q;r across assessors at the
same time point. This can also be%lﬁ)ught of as the
correlation between observed scofeg §ross replications.
Test-retest correlation coefficient Correlation between scores from ﬁlg, same test from
reliability assessments conducted over a short&mle interval.
Inter-rater kappa, Bland-Altman test The extent to which independent Bsssors produce similar
reliability ratings in judging the same abilitig'si(fs?" characteristics in the
same target person at the same tirgegi
Internal consistency | Cronbach’s alpha, alpha Degree of interrelatedness amongaﬂ;ﬁs on the same tool, i.e.,
reliability how well the items work togethego 1§0V1de information on
an underlying construct. =
Validity The degree to which the tool measzur@ what it is supposed to

measure, i.e., the degree to whlchihegool reflects the
underlying construct.

Content/face validity The degree to which the content c& thg tool is adequate for the
construct being measured, i.e. asgessglg the extent to which a
tool appears to reflect the underlymng ‘gonstruct

Concurrent/criterion | correlation coefficient; The degree to which scores on on8 mpasurement tool are

validity

regression estimate

related to scores obtained at abougthé"same point in time
from another tool considered the golcﬁstandard

Convergent validity

correlation coefficient;
regression estimate

Evidence that scores on a test or icafurement are associated
with theoretically related measures ogvariables.
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< 3
g 3
2 3
Domain Measurement Example test statistic Definition ; g
property = 2
Predictive correlation coefficient; Evidence that a score correlates v@th @ variable that can only
regression estimate be assessed at some point after th‘atest has been administered
or the measurement made, e.g., e@de’nce that scores now are
correlated with scores at a future ‘n’irﬁ@pomt
Structural validity | Exploratory factor analysis: The degree to which the scores ofag @ssessment are an
(dimensionality) number of factors, eigen values | adequate reflection of the dlmensg)gaglty of the construct to
be measured. 832
Confirmatory factor analysis: cw3
model fit statistics such as 2%8
Comparative Fit Index (CF), oy Q'g
Root mean square error of g%g
approximation (RMSEA) 30>
Invariance The property when a scale or conis’,t#ﬁét provides the same
results across different samples, p:gplgatlons settings, or
characteristics. =
Measurement Likelihood ratio chi squared The degree to which an assessmeﬁt oig construct provides the
invariance over statistic and p-value from same results across separate samlﬂes n different countries.
countries freeing parameters across 2 3
groups e 3
Measurement Likelihood ratio chi squared The degree to which an assessmeit oBconstruct provides the
invariance over statistic and p-value from same results across time. 2 §
time freeing parameters across § NA
groups > ®

Measurement
invariance over
other groups

Likelihood ratio chi squared
statistic and p-value from
freeing parameters across
groups

The degree to which an assessmeft ofSconstruct provides the
same results across different grous.

Note: All definitions based on the APA Dictionary of Psychology.’
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Figure Captions

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow
diagram of search results and included articles

oNOYTULT D WN =

9 Figure 2 Number of included article-tools and type of psychometric evidence provided

Figure 3 Countries where studies providing evidence on at least one psychometric property were
conducted

15 Figure 4 Number of articles providing psychometric evidence by article type and early childhood
16 development domain
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6,406 records identified from
search of 6 databases

PubMed (N = 1,770)
PsycInfo (N = 2,696)
Embase (N = 582)
Medline (N = 885)
SciELO (N =199)
BVS (N =274)

BMJ Open

24 additional records identified
from other sources

Citation searching (N = 20)
Google Scholar alerts (N = 4)

v

6,430 total records identified

p| 842 duplicate records removed

A

5,588 records screened

5,338 records excluded

v

250 full-text articles assessed
for eligibility

97 articles excluded
29 ineligible study objective
5 ineligible study design
27 ineligible population
8 ineligible outcome
5 ineligible child development domain
9 ineligible location
12 English text not available
2 did not contribute evidence on
reliability or validity

A 4

153 articles included in the
systematic review
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28 Figure 4 Number of articles providing psychometric evidence by article type and early childhood
29 development domain
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z Supplemental Methods %
5 @
6 Search strategy and selection criteria ?,
’ z
8 The search strategy used medical subject headings (MeSH), keywords, and free text words along g
?O four key elements: population, construct, measurement properties, and location. Search terms were 5 B
1 combined using Boolean operators. Truncation wildcards were used to include variations of the s o
12 search terms. The search strategy used a combination of searches through titles, abstracts, and 51 E
13 keywords. The COnsensus-based Standards for the selection of health status Measurement § %
12 INstruments (COSMIN) measurement properties filter was used for the third search element.! The E )
16 search strategy was piloted in PubMed and then adapted for each database. z g
18 Articles were included if at least 50% of the study sample was within the range 0-6 years and the ; S
;g average age in the sample was <6 years or unspecified. If information on the child age range was = §
21 not available or clear, the article was included. Multi-country articles were included if >50% of S &
22 the countries were LMICs. If an article reported that measurement properties were reported (?; E’
23 elsewhere (e.g., referencing another study and thus providing secondary evidence), the article was é m;
;2’ ineligible. We included prospective, retrospective, cross-sectional, and longitudinal quantitative % §%
2% study designs. %gg
27 235
28 We excluded articles studying children with developmental disabilities and disorders (e.g., autism 532
gg spectrum disorder, cerebral palsy), and children with physical disabilities that impair performance gé’?)
31 on ECD measures (e.g., deafness, blindness). We excluded the following study designs: animal %gg
32 studies, simulation studies, case studies, opinions, letters, preprints, protocols, conference %g 3
gi abstracts, ecological studies, dissertations/theses, reviews or systematic reviews, and meta- ggi
3 analyses. g: \('B{i
36 e s
37 1. Terwee CB, Jansma EP, Riphagen II, de Vet HCW. Development of a methodological > %
38 PubMed search filter for finding studies on measurement properties of measurement §_ E
zg instruments. Qual Life Res 2009; 18: 1115-23. Z g
41 5 3
42 o 32
43 Data analysis 3 S
2 sl
22 One reviewer developed the data extraction sheet, and two reviewers piloted it. Revisions were § %
47 made through discussion between the two reviewers. Seven reviewers were trained on using the 3 o
48 data extraction sheet through pilot extractions of included articles. Further revisions were made to 8, E
49 the data extraction sheet based on discussions of the piloting process. Data extraction included 3 "i
?1) information on publication details, study meta-data, characteristics of the ECD tool, type of E
52 administration, ECD domains assessed, and psychometric properties with respect to reliability, 3
53 validity, and measurement invariance. 2
54 =
55 Q
56 3
57 =
58 2 o
59 &
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One reviewer created a risk of bias checklist by adapting items from the COSMIN! and Cochrane’s
ROBINS-E? risk of bias tools. The checklist was then refined via discussions with two other
reviewers and after piloting by four reviewers. Seven reviewers were trained and conducted the
risk of bias assessment at the article level. Disagreements for articles assessed by two reviewers
(20%) were resolved through discussion with a third reviewer. The ROBINS-E risk of bias ratings
were used: low risk (little-to-no risk of bias in this domain), some concerns (some risk of bias in
this domain, but not clear it is an important risk of bias), high risk (important problems in this
domain), and very high risk (the study is very problematic in this domain).

For all tools, child age at assessment was converted to months based on the information provided
in the article. For longitudinal studies, age at first assessment was used. For multi-site/multi-
country studies, the full age range at assessment was used across the sites/countries. Because the
objective the paper was to take stock of the available evidence rather than to report the adequacy
and relevance of specific psychometric properties, we did not summarize evidence on the
psychometric properties themselves.

1. Mokkink LB, Prinsen CA, Patrick DL, et al. COSMIN methodology for systematic reviews
of Patient-Reported Outcome Measures (PROMs). 2018; : 1-78.

2. ROBINS-E Development Group. Risk Of Bias In Non-randomized Studies - of Exposure
(ROBINS-E). Launch version, 1 June 2022. 2022.
https://www.riskotbias.info/welcome/robins-e-tool.
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1 =
2 2
z Supplemental Table 1 Search strategy as executed in PubMed %
Z (“Child”[MeSH] OR “Child, Preschool”’[MeSH] OR “child*”[tiab] OR “Infant”’[MeSH] OR 2
7 “infant*”’[tiab] OR “paediatric”[tiab] OR “pediatric”’[tiab] OR “toddler*”’[tiab]) %
: g
10 AND . E
11 S ©
12 ("Child Development"[MeSH] OR “child development*”[tiab] OR “early child % @
:i development”[tiab] OR “early childhood development”[tiab] OR “ECD”[tiab] OR "Child o g
15 Behavior"[MeSH] OR  “child behavior”[tiab] OR  “child behaviour”[tiab] OR E )
16 "Cognition"[MeSH] OR "Executive Function"[MeSH] OR “executive function*”’[tiab] OR 2 8
17 "Emotional Intelligence"[MeSH] OR “attachment”[tiab] OR “attention”[tiab] OR <§ §
18 “cognition”[tiab] OR “cognitive development”[tiab] OR “cognitive skills”’[tiab] OR ; S
;g “neurocognitive”[tiab] OR “communication”[tiab] OR “language”[tiab] OR “language e §
21 skills[tiab] OR “language development”[tiab] OR “receptive language”’[tiab] OR “expressive = gﬂ
22 language”[tiab] OR “speech development”[tiab] OR “communication skills”’[tiab] OR "Motor (g« >
23 Skills"[MeSH] OR “motor skills”[tiab] OR “fine motor”’[tiab] OR “gross motor”[tiab] OR émg
;2’ “motor”’[tiab] OR “prosocial”’[tiab] OR *“socialisation”[tiab] OR “socialization”[tiab] OR %%%
26 “socioemotion®*”’[tiab] OR “socio-emotion*”[tiab] OR “neurodevelopment”[tiab] OR %gg
27 “neurobehavior”’[tiab] OR  “neurobehaviour’[tiab] OR “neurobehavioral”’[tiab] OR 885
28 “neurobehavioural”[tiab] OR “Intelligence”[MeSH] OR “intelligence”[tiab] OR “IQ”’[tiab] OR S 52
gg “psychomotor”[tiab] OR “sensorimotor”[tiab] OR “attention”[tiab] OR “inhibition”[tiab] OR 2%’9%
31 “impulse control”[tiab] OR “working memory”’[tiab] OR “problem solving”[tiab] OR “self- %%E
32 regulation”[tiab] OR  “prosocial”’[tiab] OR “psychosocial development”[tiab] OR oS3
33 “internali*”’[tiab] OR “externali*”[tiab] OR “empathy”[tiab] OR “neuropsychology*”’[tiab] OR ggi
gg “school readiness™[tiab] or “numeracy’’[tiab] or “literacy’’[tiab] OR “pre-academic’’[tiab] OR 5 @g
36 “early learning”[tiab] or “personal-social”’[tiab] OR “personal social’[tiab]) @ 3
37 > %
38 AND 5 8
39 g o
2(1) ((“developing countr*”[tiab] OR “under developed countr*”[tiab] OR Imic*[tiab] OR “less Z g
42 developed”[tiab] OR “low income”[tiab] OR “lower income”[tiab] OR “low- and middle- > 3
43 income”[tiab] OR “low middle income”[tiab] OR “resource poor”[tiab] OR “resource g S
j‘; constrained”[tiab] OR “low resource”[tiab] OR “limited resource*”’[tiab] OR “resource gj §
46 limited”[tiab]) AND (Afghan*[tiab] OR Africa[tiab] OR African[tiab] OR Algeria*[tiab] OR § %
47 “American Samoa*”’[tiab] OR Angola*[tiab] OR Argentin*[tiab] OR Bangladesh*[tiab] OR 3 o
48 Barbad*[tiab] OR Belorussian[tiab] OR Beliz*[tiab] OR Benin*[tiab] OR Bhutan*[tiab] OR & §
49 Bolivia*[tiab] OR Botswan*[tiab] OR Brazil*[tiab] OR "Burkina Faso"[tiab] OR 2 ‘i)j«
?1) Burkinabe[tiab] OR Burund*[tiab] OR Cambodia*[tiab] OR Cameroon*[tiab] OR "Cape ‘(‘é
52 Verde"[tiab] OR "Cape Verdean"[tiab] OR "Central African Republic"[tiab] OR Chad*|[tiab] 2
53 OR Chile*[tiab] OR China[tiab] OR Chinese[tiab] OR Colombia*[tiab] OR Comoros[tiab] OR =
>4 Comorian[tiab] OR Congo[tiab] OR Congolese[tiab] OR Costa Rica*[tiab] OR "Cote E
gg d’Ivoire"[tiab] OR “Ivory Coast”[tiab] OR Ivorian[tiab] OR Croatia*[tiab] OR Croat[tiab] OR %
57 -E
58 4 o
59 o
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Cuba*[tiab] OR Djibouti*[tiab] OR Dominica*[tiab] OR "Dominican Republic"[tiab] OR
Ecuador*[tiab] OR Egypt*[tiab] OR "EI Salvador"[tiab] OR Salvadorian[tiab] OR "Equatorial
Guinea"[tiab] OR Guinean[tiab] OR Eritrea*[tiab] OR Ethiopia*[tiab] OR Fiji*[tiab] OR
Gabon*[tiab] OR Gambia*[tiab] OR Gaza[tiab] OR Gazan[tiab] OR Ghana[tiab] OR
Ghanaian[tiab] OR Grenad*[tiab] OR Guatemala*[tiab] OR Guinea[tiab] OR Guyan*[tiab] OR
Haiti*[tiab] OR Hondura*[tiab] OR Hungar*[tiab] OR India[tiab] OR Indian[tiab] OR
Indonesia*[tiab] OR Iran*[tiab] OR Iraq*[tiab] OR Jamaica*[tiab] OR Jordan*[tiab] OR
Kenya[tiab] OR Kenyan[tiab] OR Kiribati[tiab] OR Korea*[tiab] OR Kyrgy*[tiab] OR
Laos[tiab] OR Laotian*[tiab] OR Lebanon[tiab] OR Lebanese[tiab] OR Lesotho[tiab] OR
Liberia*[tiab] OR Libya*[tiab] OR Macedonia*[tiab] OR Madagasca*[tiab] OR Malawi*[tiab]
OR Malaysia*[tiab] OR Maldives[tiab] OR Maldivian[tiab] OR Mali[tiab] OR Malian*[tiab]
OR "Marshall Islands"[tiab] OR Mauritania*[tiab] OR Mauritius[tiab] OR Mauritian[tiab] OR
Mayotte[tiab] OR Mexic*[tiab] OR Micronesia*[tiab] OR Moldov*[tiab] OR Mongolia*[tiab]
OR Morocc*[tiab] OR Mozambique[tiab] OR Mozambican[tiab] OR Myanmar[tiab] OR
Namibia*[tiab] OR Nepal*[tiab] OR Nevis[tiab] OR Nicaragua*[tiab] OR Niger*[tiab] OR
"Northern Mariana Islands"[tiab] OR Oman*[tiab] OR Pakistan*[tiab] OR Palau*[tiab] OR
Panama*[tiab] OR "Papua New Guinea"[tiab] OR Paraguay*[tiab] OR Peru*[tiab] OR
Philippine*[tiab] OR Filipino*[tiab] OR Poland[tiab] OR Polish[tiab] OR Rwanda*[tiab] OR
Samoa*[tiab] OR Sao Tome*[tiab] OR Principe[tiab] OR Senegal*[tiab] OR Seychell*[tiab]
OR Sierra Leon*[tiab] OR Solomon Island*[tiab] OR Somali*[tiab] OR South Africa*[tiab] OR
Sri Lanka*[tiab] OR "Saint Kitts"[tiab] OR "St Kitts"[tiab] OR "Saint Lucia"[tiab] OR "St
Lucia"[tiab] OR "Saint Vincent" [tiab] OR "St Vincent"[tiab] OR Sudan*[tiab] OR
Suriname*[tiab] OR Swaziland Or Swazi[tiab] OR Syria*[tiab] OR Tajik*[tiab] OR
Tanzania*[tiab] OR Thailand[tiab] OR Thai[tiab] OR "Timor Leste"[tiab] OR Togo*[tiab] OR
Tonga*[tiab] OR Trinidad[tiab] OR Trinidadian[tiab] OR Tobago[tiab] OR Tobagonian|[tiab]
OR Tunisia*[tiab] OR Turky[tiab] OR Turkish[tiab] OR Uganda*[tiab] OR Uruguay*[tiab] OR
Vanuat*[tiab] OR Venezuela*[tiab] OR Vietnam*[tiab] OR "West Bank"[tiab] OR
Yemen*[tiab] OR Zambia*[tiab] OR Zimbabwe*))

AND

(instrumentation[sh] OR methods[sh] OR “Validation Studies”[pt] OR “Comparative
Study”’[pt] OR “psychometrics’[MeSH] OR psychometr*[tiab] OR clinimetr*[tw] OR
clinometr*[tw] OR “outcome assessment (health care)”’[MeSH] OR “outcome assessment”[tiab]
OR “outcome measure*”’[tw] OR “observer variation”[MeSH] OR “observer variation”[tiab]
OR “Health Status Indicators”’[Mesh] OR “reproducibility of results’[MeSH] OR
reproducib*[tiab] OR “discriminant analysis’[MeSH] OR reliab*[tiab] OR unreliab*[tiab] OR
valid*[tiab] OR “coefficient of variation”[tiab] OR coefficient[tiab] OR homogeneity[tiab] OR
homogeneous[tiab] OR “internal consistency’’[tiab] OR (cronbach*[tiab] AND (alpha[tiab] OR
alphas[tiab])) OR (item[tiab] AND (correlation*[tiab] OR selection*[tiab] OR
reduction*[tiab])) OR agreement[tw] OR precision[tw] OR imprecision[tw] OR “precise
values”[tw] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR (reliab*[tiab] AND

(test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] OR inter-rater[tiab] OR

5
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1 =
2 S
2 intrarater[tiab] OR intra-rater[tiab] OR intertester[tiab] OR inter-tester[tiab] OR intratester[tiab] %
5 OR intra-tester[tiab] OR interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR 3
6 intra-observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR intratechnician[tiab] 2
7 OR intra-technician[tiab] OR interexaminer[tiab] ~OR inter-examiner[tiab] OR %
8 intraexaminer[tiab] OR intra-examiner[tiab] OR interassay[tiab] OR inter-assay[tiab] OR 5
?O intraassay[tiab] OR intra-assay[tiab] OR interindividual[tiab] OR inter-individual[tiab] OR 5 B
11 intraindividual[tiab] OR intra-individual[tiab] OR interparticipant[tiab] OR inter- S ©
12 participant[tiab] OR intraparticipant[tiab] OR intra-participant[tiab] OR kappa[tiab] OR % @
:i kappa’s[tiab] OR kappas[tiab] OR repeatab*[tw] OR ((replicab*[tw] OR repeated[tw]) AND o g
15 (measure[tw] OR measures[tw] OR findings[tw] OR result[tw] OR results[tw] OR test[tw] OR E )
16 tests[tw])) OR generaliza*[tiab] OR generalisa*[tiab] OR concordance[tiab] OR 2 8
17 (intraclass[tiab] AND correlation*[tiab]) OR discriminative[tiab] OR “known group”[tiab] OR <§ §
18 “factor analysis”[tiab] OR “factor analyses”[tiab] OR “factor structure”[tiab] OR “factor ; S
;g structures”[tiab] OR dimension*[tiab] OR subscale*[tiab] OR (multitrait[tiab] AND e §
21 scaling[tiab] AND (analysis[tiab] OR analyses[tiab])) OR “item discriminant”’[tiab] OR = gﬂ
22 “interscale correlation®*”’[tiab] OR error[tiab] OR errors[tiab] OR “individual variability”[tiab] (g« >
23 OR “interval variability”[tiab] OR “rate variability”’[tiab] OR (variability[tiab] AND émg
;2’ (analysis[tiab] OR values[tiab])) OR (uncertainty[tiab] AND (measurement[tiab] OR ? §%
26 measuring[tiab])) OR “standard error of measurement”[tiab] OR sensitiv¥[tiab] OR g«gg
27 responsive*[tiab] OR  (limit[tiab] AND detection[tiab]) OR “minimal detectable 885
28 concentration”[tiab] OR interpretab*[tiab] OR ((minimal[tiab] OR minimally[tiab] OR 532
gg clinical[tiab] OR clinically[tiab]) AND (important[tiab] OR significant[tiab] OR 2%’9%
31 detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR (small*[tiab] AND (real[tiab] %%E
32 OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR “meaningful change”[tiab] oS3
33 OR “ceiling effect”[tiab] OR “floor effect”[tiab] OR “Item response model”’[tiab] OR IRT[tiab] Egi
g g OR Rasch[tiab] OR “Differential item functioning”[tiab] OR DIF[tiab] OR “computer adaptive g: @g
36 testing”’[tiab] OR “item bank™[tiab] OR “‘cross-cultural equivalence”’[tiab] OR “measurement a- 5
37 invariance”[tiab] OR “invariance”[tiab] OR assessment[tiab] OR adapt*[tiab]) § %
38 5 o
39 NOT 2 &
40 e 2
41 5 3
42 (“editorial ’[Publication =~ Type] @ OR  “comment”[Publication =~ Type] OR  “case > 3
43 reports”[Publication Type] OR “congress”’[Publication Type] OR “consensus development g S
j‘; conference”[Publication Type] OR “interview”[Publication Type] OR “lecture”[Publication 2 §
46 Type] OR “legal case”’[Publication Type] OR “legislation”[Publication Type] OR § %
47 “letter”’[Publication Type] OR “news”[Publication Type] OR “newspaper article”’[Publication 3 o
48 Type] OR “Observational Study, Veterinary”[Publication Type] OR ‘“Patient Education S E
49 Handout”[Publication = Type] @ OR  “practice  guideline”’[Publication = Type] OR 3 ’i
?1) “preprint”’[Publication Type]) ‘(‘é
52 ®
53 g
54 =
55 Q
56 5
57 _:ET
58 6 @
59 o
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Supplemental Table 2 Definitions of the seven early childhood domains of interest

Domain Definition

Cognitive Cognitive development includes abilities such as general
intellectual ability, problem solving, reasoning, visual-spatial
ability, memory, learning, etc.

Language Language development includes the ability to understand and
express verbal communication, and vocabulary development
and acquisition.

Motor Moto development includes gross motor development (the

ability to control and coordinate gross movements of the legs
and arms (e.g., jumping, throwing)) and fine motor
development (the ability to control and coordinate fine
movements of the fingers and toes.

Socio-emotional/temperament

Socio-emotional development is the ability to regulate
emotional responses and social interactions. It includes
behaviour problems, social competency, emotional
competency, and self-regulation.

Temperament includes biological influences on the experience
and expression of emotion: extraversion (positive affect,
activity level, impulsivity, risk-taking), negative affectivity
(fear, anger, sadness, discomfort) and effortful control
(attention shifting and focusing, perceptual sensitivity,
inhibitory and activational control).

Socio-emotional development and temperament are often
overlapping constructs, particularly in the early years.

Attention/Executive function

Executive function, including attention, entails international
control over behaviour and cognition. It covers inhibitory
control, cognitive flexibility, planning, and working memory.

Personal-social/adaptive

Personal-social and adaptive behaviour comprises the ability to
perform daily-life and self-help skills, such as feeding,
dressing, toilet training, recognising others, interacting with
others, and adjusting to new situations.

Academic/pre-academic

Preacademic skills are skills needed to learn reading and math,
such as counting and letters.

Note: Definitions based on (Boggs et al., 2019; Fernald et al., 2017).
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Supplemental Table 3 Number of included articles by type of psychometric evidence provided S 3
1 S 35
=N
Number of articles providing . . . - Number of article%pro&iding
4 Total evidence on reliability Number of articles providing evidence on validity evidence on measurerfient fvariance
5 Type of number s 8
6 article of 5[
7 articl Test- Inter- Internal Invariance Invarian Bvariance
cles . Content | Concurrent | Convergent | Predictive | Structural over nes javer other
8 retest rater consistency . over tims [N
countries - Zgroups
9 (3 :1 2
10 | Alltypesof 175 72 60 114 60 78 72 29 69 7 1 22 9
1 articles cg&
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Country of reliability =T
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articles 2 o Over
Test- | Inter- Internal Concur- | Conver- o Structu- | S Or Over First author &
] Content Predictive = . . other
retest | rater | consistency rent gent ral :comghes time year
@ 9 groups
Kenya Receptive and 1 0 1 1 0 1 1 1 0 % B 0 0 Knauer 2019
expressive Sm=<
vocabulary test 228
battery (English, ig- N
Luo and Swahili ) 2> >
Kiribati Early Human 1 0 0 1 0 0 0 0 1 B (.BD ¥ 0 1 Sincovich 2019
Capability Index ° ==
(eHCT) cwz
Laos Early Human 1 0 0 1 0 0 0 0 1 ;[}‘O 2 0 1 Sincovich 2019
Capability Ind SZa
apability Index 228
(eHCI) oC =
Laos MELQO Measure of | 1 0 0 0 0 0 1 0 1 3»-); g 0 1 Gomez 2022
Development and SO
Learning Outcomes 5 e
S
Malawi International 1 1 1 1 1 1 1 0 0 ‘)(>) g 0 0 Pisani 2018
Development and = o
Early Learning s o
Assessment > 2
5 o
(IDELA) @ 3
Malawi Malawi 1 1 1 0 1 0 1 0 0 ®» 3 0 0 Gladstone 2010
Developmental % 3
Assessment Tool 3 9
(MDAT) = o
Malawi Vocabulary 1 0 0 0 0 1 0 1 0 0 5 0 0 Prado 2018
Checklists @ o
Malaysia Bayley Scales of 1 0 0 1 0 0 0 0 1 P w 0 0 Zakaria 2012
Infant Development, % N
Third Edition a »
(BSID-IIT) 2 o
Malaysia Malay Preschool 1 1 1 1 1 0 0 0 0 0 > 0 0 Razak 2010
Language S
Assessment Tool 3
(MPLAT) ®
=
=
Q
o
S
>0
_E.
® 21
a
o
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articles o 3
5 Test- | Inter- Internal Concur- | Conver- A Structu- |S O®r Over Over First author &
] Content Predictive = . . other
6 retest | rater | consistency rent gent ral :comghes time year
7 @ 9 groups
8 Mali International 1 1 1 1 1 1 1 0 0 ¥ B 0 0 Pisani 2018
Development and Sm=<
?0 Early Learning 33 £
Assessment 2N
1 (IDELA) 59 R
12 527
Mexico Ages & Stages 1 0 1 1 0 0 0 0 1 B (.BD ¥ 0 0 Ortiz-Leon 2018
13 Questionnaire-3 2 3=
14 (ASQ-3) cwz
15 Mexico Spanish-language 1 1 0 0 0 0 1 0 0 98 0 0 Jackson-
16 MacArthur—Bates 2 = o Maldonado 2013
17 Communicative oCc =
18 Development %"ﬁ g
19 Inventories short 30>
forms (S-CDI SFI She
20 S 0o
and SFII) 2=
21 Q- T
> 3
22 Mongolia Mongolian Rapid 1 0 0 0 1 1 0 0 0 % o 0 0 Dagvadorj 2015
23 Baby Scale S ?
24 (MORBAYS) 5 ;
25 Mozambique, International 1 1 1 1 1 1 1 0 0 @ 3 0 0 Pisani 2018
26 Development and ® o
5 Early Learning = g
7 Assessment e 3
28 (IDELA) 3 35
el o
29 Nepal Ages & Stages 1 0 1 1 0 0 1 0 0 ﬁ S 0 0 Shrestha 2019
30 Questionnaire-3 o 2
31 (ASQ-3) 3
32 Nepal Bayley Scales of 3 0 2 1 1 0 0 0 1 g. N 0 0 Pendergast 2018;
33 Infant Development, a N Ranjitkar 2018;
Third Edition D o Manandhar 2016
34 n 8
35 (BSID-IIT) R
Q
36 €
37 ®
38 Nepal The Test of Infant 1 0 1 1 0 1 0 1 0 0o @® 0 0 Kvestad 2023
39 Motor Performance =
40 (TIMP) (8
o
41 S
c
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articles e o Over
Test- | Inter- Internal Concur- | Conver- o Structu- | S Or Over First author &
] Content Predictive = . . other
retest | rater | consistency rent gent ral :comghes time year
@ 9 groups
Pakistan Bayley Scales of 1 0 0 0 0 1 0 0 0 % B 0 0 Biasini 2015
Infant Development, Sm=<
Second Edition 228
(BSID-I) ~on
Pakistan Bayley Scales of 2 0 0 0 1 1 0 1 1 9 2 m 0 0 Pendergast 2018;
Infant Development, 239 Rasheed 2023
Third Edition =9 g
(BSID-III) el
Pakistan International 1 1 1 1 1 1 1 0 0 S 9 0 0 Pisani 2018
Development and g 3 Y
Early Learning g o =
Assessment o= g
Q>
(IDELA) %53
Pakistan Executive function 1 0 0 1 1 0 1 1 1 RS 0 0 Obradovic 2019
battery ‘:g S S
Pakistan Executive Function | 1 0 0 0 0 0 1 0 1 3 = 0 0 Toor 2022
Touch (EF Touch) s 3
S S
Pakistan MacArthur 1 1 1 1 1 1 0 0 0 I T 0 0 Rasheed 2017
Communicative « §
Development g 3
Inventory Level II ; 3
3 S
Pakistan Strengths and 1 1 1 1 1 1 1 0 1 ® < 0 0 Finch 2018
Difficulties T 2
Questionnaire S B
(SDQ) 3
Pakistan Wechsler Preschool | 1 0 1 1 1 0 1 0 1 J Qg 0 0 Rasheed 2018
and Primary %- o1
@
Scale of o =
Intelligence, thid g
edition (WPPSI-III) )
Peru Bayley Scales of 1 0 0 0 1 0 0 0 1 1 @ 0 0 Pendergast 2018
Infant Development, g
Third Edition 5
(BSID-III) @
o
S
>0
_E.
® 23
a
o
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3 Name of liabili -
Country of reliability =T
4 assessment tool " a ©
articles e o Over
5 Test- | Inter- Internal Concur- | Conver- o Structu- | S Or Over First author &
] Content Predictive = . . other
6 retest | rater | consistency rent gent ral :comghes time year
7 @ 9 groups
8 Peru Child Behavior 1 0 0 1 0 0 0 0 1 % B 0 0 Meyer 2011
9 Scale (CBS) § '-3”5
10 Peru Escala de Conductas | 1 0 0 0 0 0 0 0 1 N 0 0 Hahn 2009
L 5 O
1 de Aprendizaje T
12 Preescolar (ECAP), g g 5
a Spanish translation -~ D0
13 =
14 of the Preschool o= 3
Learning Behaviors % (cn o
15 Scale (PLBS) 2328
16 2z 8
17 Rwanda International 1 1 1 1 1 1 1 0 0 953 0 0 Pisani 2018
18 Development and 23
19 Early Learning 3 Ifﬁ =
20 Assessment g@-ﬁ'
21 (IDELA) & 3
22 Samoa Early Human 1 0 0 1 0 0 0 0 1 a = 0 1 Sincovich 2019
23 Capability Index 3 S
24 (eHCI) 5 3
Senegal Milestones 1 0 0 1 1 1 1 0 0 ] g 0 0 Weber 2018
25 e < =2
Checklist; ®» O
26 Vocabulatory 2 o
27 Inventory o 3
28 Sierra Leone Saccadic reaction 1 1 0 0 0 0 1 0 0 3 S 0 0 Leppénen 2022
29 time (SRTs) p <
— 3
30 ["South Africa | Ages & Stages 1 0 0 0 1 0 0 0 0 2 © |0 0 Bornman 2010
31 Questionnaire 3 w
32 (ASQ) o
33 South Africa Ages & Stages 2 0 0 2 0 0 1 0 1 @ N 0 0 van Heerden 2017,
34 Questionnaire-3 3 o Hsiao 2016
ASQ-3 ’
25 (ASQ-3) GE
6
37 South Africa Bayley Infant 1 0 0 1 0 0 1 0 1 0 a 0 0 Rodriguez 2020
Neurodevelopmental g
38 Screener (BINS) =
39 5
40 Q
4 B
>0
c
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Country Name of of reliability N
assessment tool 3 a ©
articles e o Over
Test- | Inter- Internal Content Concur- | Conver- Predictive Structu- |S O#r Over other First author &
retest | rater | consistency rent gent ral ibu@ies time year
@ 9 groups
South Africa Bayley Scales of 1 0 0 0 1 0 0 0 1 g B 0 0 Pendergast 2018
Infant Development, Sm=<
Third Edition 228
(BSID-IIT) 228
South Africa Early Learning 1 0 1 1 0 0 0 0 1 ) 2 m 0 1 Snelling 2019
Outcomes Measure 23 ]
(ELOM) s3¢g
ow=
South Africa | Little 1 0 0 1 0 1 0 0 0 355 0 0 Venter 2015
Developmental g 3 Y
Coordination g o =
Disorder 270
Questionnaire (Little o 5 3
DCDQ) Sm2
South Africa | Mullen Scales of 1 0 0 0 1 0 0 0 0 L2 0 0 Bornman 2010
Early Learning Q- =
(MSEL) > 3
South Africa Parents' Evaluation 1 0 0 0 0 1 0 0 0 g;'l 'é 0 0 Abdoola 2021
of Developmental 5 S
status (PEDS) g g
H—O
South Africa The infant gross 1 1 1 0 1 1 0 0 0 I 9 0 0 Hilburn 2011
motor screening test w 3
(IGMST) 3 e
South Africa The Road to Health 1 0 0 0 0 1 0 0 0 g ¢ 0 0 van der Linde 2015
Booklet (RTHB) - 3
2 o
Sri Lanka Child Behaviour 1 1 0 1 1 1 0 0 0 D IS 0 0 Samarakkody 2010
Assessment % N
Instrument (CBAI) a N
2 o
Sri Lanka Denver 1 0 1 0 0 0 0 0 0 0 > 0 0 Wijedasa 2012
Developmental S
Screening Test for 2
Sri Lankan Children g
(DDST-SL) 2
o
Q
o
S
>0
_E.
o 25
o
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3 N f Number pr ov1d1ng e\flfience o ZmeR8urement invariance
Country ame o of reliability N
4 assessment tool " a ©
articles 2 o Over
5 Test- | Inter- Internal Concur- | Conver- o Structu- | S Or Over First author &
] Content Predictive = . . other
6 retest | rater | consistency rent gent ral :comghes time year
7 Qe S groups
8 Sri Lanka Ragama Early 1 0 1 1 1 1 0 0 0 % B 0 0 Caldera 2023
Assessment for & mZ
9 i @ s
10 Children (REACh) »w o<
2aS
1 Tanzania Caregiver Reported | 1 1 1 1 1 1 1 0 0 FER 0 0 McCoy 2017
12 Early Development 830p
13 Instruments g % g
14 (CRED) e
15 Thailand Parents' Evaluation | 1 0 0 0 0 1 0 0 0 355 0 0 Chunsuwan 2016
16 of Developmental g ‘-_ng
a
17 Status (PEDS) Q_g =
2”0
18 Thailand Thai Speech and 1 0 1 1 1 0 0 0 0 V52 0 0 Prathanee 2008
19 Language Test s m =
20 (TSLT) 5=0
21 The Gambia Mullen Scales of 1 0 0 0 0 0 1 1 0 9D g 0 0 Milosavljevic 2019
22 Early Learning > =
23 (MSEL) 3 5
24 Tonga Early Human 1 0 0 1 0 0 0 0 1 ¥ > 0 1 Sincovich 2019
Capability Index 5 g
25 e 3
(eHCI) S
26 Turkey Ages & Stages 1 1 1 1 0 1 0 0 0 2 g 0 0 Kucuker 2011
27 Questionnaire: 0w =
28 Social-Emotional 3 e
29 (ASQ-SE) 5 o
30 Turkey Bayley Infant 1 0 0 0 0 0 0 1 0 ol 2 0 0 Soysal 2014
31 Neurodevelopmental S b
32 Screener (BINS) 5 o
o o
33 Turkey Brief Infant- 1 1 1 1 0 1 0 0 0 % a1 0 0 Karabekiroglu
34 Toddler Social and v 8 2009
35 Emotional g
36 Assessment )
37 (BITSEA) 3
38 Turkey Emotional 1 1 0 1 1 1 0 0 1 0 g 0 0 Danigman 2016
39 Regulation 5
40 Checklist Q
4 B
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] Content Predictive = . . other
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@ 9 groups
Turkey Kaufman Survey of | 1 1 1 1 1 0 0 0 1 % B 0 0 Uyanik 2014
Early Academic and Sm=<
Language Skills (K- 228
SEALS) 22
Turkey Strengths and 1 0 0 1 0 1 1 0 0 ) 2 m 0 0 Dursun 2020
Difficulties 239
Questionnaire s3¢g
(SDQ) T
Tuvalu Early Human 1 0 0 1 0 0 0 0 1 3@% S 0 1 Sincovich 2019
Capability Index 3 g @
(eHCD) 2ga
Uganda Bayley Scales of 1 1 0 1 0 0 1 0 1 ﬁ:\ o 0 0 Nampijja 2010
Infant Development, o 5 3
bead threding task 2m =
2. 0o
=7
Uganda British Ability 1 1 0 1 0 0 1 0 1 9 o 0 0 Nampijja 2010
Scales — 3rd ed., > %
block design task g S
52
Uganda International 1 0 0 0 0 0 0 0 1 3 g 0 0 Halpin 2019
Development and ® B
Early Learning 2 9
Assessment w 3
(IDELA) 3 e
Uganda Kilifi 1 1 0 1 0 0 1 0 1 B c 0 0 Nampijja 2010
Developmental § 2
Inventory, coin box =R
task 3 N
Uganda Kilifi Picture 1 1 0 1 0 0 1 0 1 2 R 0 0 Nampijja 2010
Vocabulary Test o g
Uganda Modified Fagan Test | 1 0 0 0 0 0 0 1 0 0 g 0 0 Familiar-Lopez
for Infant ) 2022
Intelligence (FTII) Q
Uganda Movement 1 1 0 1 0 0 1 0 1 0 w 0 0 Nampijja 2010
Assessment Battery =2
for Children, 8
balancing on one leg 3
S
>0
_E.
® 27
a
o
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articles 2 o Over
5 Test- | Inter- Internal Concur- | Conver- o Structu- | S Or Over First author &
] Content Predictive = . . other
6 retest | rater | consistency rent gent ral :comghes time year
7 @ 9 groups
8 Uganda NEPSY verbal 1 1 0 1 0 0 1 0 1 % B 0 0 Nampijja 2010
fluence task Sm=<
9 008
10 Uganda NEPSY, knock tap | 1 1 0 1 0 0 1 0 1 :.-Q . N 0 0 Nampijja 2010
11 game 5E
12 Uganda NEPSY, sentence 1 1 0 1 0 0 1 0 1 @_ CBD UD 0 0 Nampijja 2010
13 repetition task ~®0
©3=
14 Uganda Sky Search in the 1 1 0 1 0 0 1 0 1 PO 0 0 Nampijja 2010
15 Tests qf Everyday 2328
16 Attention for 2 = o
17 Children, Sky o<
18 Search Task %"ﬁ g
19 Uganda Tap Once Tap 1 1 0 1 0 0 1 0 1 3m = 0 0 Nampijja 2010
20 Twice Task 290
a. =
21 Uganda Tobii Professional 1 0 0 0 0 1 0 0 0 2 3 0 0 Boivin 2017
22 Studio eye tracking = é'
23 programming g @
24 s 2
=S lon
25 Uganda Wisconsin Card Sort | 1 1 0 1 0 0 1 0 1 @ 3 0 0 Nampijja 2010
26 Test %J 9
27 Venezuela Bayley Infant 1 1 1 0 0 0 0 0 0 ®, ;\’ 0 0 McCarthy 2012
28 Neurodevelopmental 3 5
29 Screener (BINS) p <
30 3 3
31 Viet Nam Vietnamese 1 0 0 1 0 1 1 0 0 ° b 0 0 Pham 2017
32 version of the 3
33 Intelligibility in g Q
Context Scale (ICS- o ¢
34 VN). o B
35 - - = -
36 Vietnam International 1 0 0 0 0 0 0 0 1 1 < 0 0 Halpin 2019
Development and 2
37 Early Learning o
38 Assessment g
39 (IDELA) =
40 Q
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] Content Predictive = . . other
retest | rater | consistency rent gent ral :comghes time year
@ 9 groups
Zambia Ages & Stages 2 0 0 2 0 0 1 0 1 ® B 0 0 van Heerden 2017;
Questionnaire-3 Sm=Z Hsiao 2016
o
(ASQ-3) 3a<
2aS
Zambia Bayley Scales of 1 0 0 0 0 1 0 0 0 ) 2 m 0 0 Biasini 2015
Infant Development, 23 ]
Second Edition s3¢g
(BSID-II) el
Zambia International 1 1 1 1 1 1 1 0 0 S 9 0 0 Pisani 2018
Development and 52 &
Early Learning oo =
Q -
Assessment [T g
Q>
(IDELA) Sk
ERUE
S
Q- =
> 3
- O
= ©
L @
S 2
5 o
& 3
® o
S o
o 3
2. ~
3 S
2 g
— ]
@ o
3 &
s 8
e B
& =
>
Q
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o
)
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3 = R
4 Number of Number of Ape range 3 §
5 countries List of countries articles at Typei £ @ References (first author &
6 Name assessment tool where the | where the tool was | where tool inistE t.(; ar)
7 t0ol was applied was a}ssessment adminis B iod ye
. . (in months) o B
8 applied applied S ek
9 Ages & Stages Questionnaire (ASQ) 2 Iran; South Africa 1 4-60 Indirect/rs%o‘jnt%l Vameghi 2013; Bornman 2010
10 Ages & Stages Questionnaire Inventory (ASQ:I) 2 Bangladesh; China 1 1-27 Indirect/re%o‘jrf[&d Pitchik 2023; Xie 2017
1 Ages & Stages Questionnaire: Social-Emotional 3 Brazil; China; 3 4-72 Indirect/r@éc:gtaii Anunciagao 2019; Bian 2017;
12 (ASQ-SE) Turkey 3 3 g Kucuker 2011
12 Ages & Stages Questionnaire: Social-Emotional, 1 China 1 15-63 Indirect/re%ozr)tél Xie 2019 (Journal of Child &
15 First Edition (ASQ:SE-1) 2£9 Dev Studies)
16 Ages & Stages Questionnaire-3 (ASQ-3) 11 Brazil; China; 13 1-66 Indirect/r%&;tgl Filgueiras 2013; Yue 2019;
17 Colombia; Georgia; o c g Rubio-Codina 2016; Rubio-
18 Guatemala; India; 5333 | Codina 2020; Zirakashvili 2018;
19 Indonesia; Mexico; 3 % = | Colbert 2021; Kvestad 2013;
20 Nepal; South Africa; §$'§ Yunilda 2022; Ortiz-Leon 2018;
21 Zambia @ - 5 | Shrestha 2019; van Heerden
2 > 3 | 2017; Hsiao 2016; Bian 2012
23 Ages & Stages Questionnaires: Social Emotional 1 Brazil 1 21-66 Indlrect/rﬁortgd Chen 2017
24 (ASQ:SE-BR) 5 3
25 Alberta Infant Motor Scale (AIMS) 1 Brazil 4 0-19 Direct 8 5 Saccani 2016; Siegle 2018; de
26 assessmen o Albuquerque 2018; Valentini
o
27 N . il
28 Angkor Hospital for Children Developmental 1 Cambodia 1-72 Direct 3 9 Ngoun 2012
29 Milestone Assessment Tool (AHC DMAT) assessmerfy
30 indirect/report&l
31 Battelle Developmental Inventory Second Edition, | 2 Brazil; Colombia 3 0-95 Direct § ﬁ de Albuquerque 2022; Rubio-
32 BDI-2 assessmen, L | Codina 2016; Rubio-Codina 2020
indirect/reﬁort&)’i
33 Bayley Infant Neurodevelopmental Screener 8 Argentina, Brazil, 4 3-24 Direct LCED' o McCarthy 2012; Soysal 2014;
34 (BINS) Ecuador, Bolivia, assessmenf i Rodriguez 2020; Guedes 2011
35 Colombia, Q
36 . . €
Venezuela; Turkey; 3
37 South Africa ©
38 Bayley Scales of Infant and Toddler Development 1 Iran 1 1-42 Not reported S | Azari2017
39 (BSID) 5
40 Bayley Scales of Infant Development, bead 1 Uganda 1 55-67 Direct E Nampijja 2010
41 threding task assessment S
42 a
43 & 30
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Bayley Scales of Infant Development, Second 4 Bangladesh, India, 2 1-42 Direct _é T | Parveen 2014
Edition (BSID-II) Pakistan, Zambia assessmeng i)
Bayley Scales of Infant Development, Third Edition | 12 Bangladesh, Brazil, | 11 6-42 Direct § E Pendergast 2018; Madaschi 2016;
(BSID-III) India, Nepal, assessmer; 8 Rubio-Codina 2016; Rubio-
Pakistan, Peru, % 9 | Codina 2020; Hanlon 2016;
South Africa; 2 & | Lohaus 2014; McHenry 2021;
Colombia; Ethiopia; @ © | Zakaria 2012; Ranjitkar 2018;
Cameroon; Kenya; §: R Manandhar 2016; Rasheed 2023
Malaysia Sm=
Bracken School Readiness Assessment, Third 1 India 1 36-60 Direct Q& | Shah2013
Edition (BSRA-3) assessmerfp 2. &
Brief Infant- 3 Coéte d'Ivoire; 2 23-32 Indlrect/r@(gtemd Barthel 2021; Karabekiroglu
Toddler Social and Emotional Assessment Ghana; Turkey D-C3D 9 2009
(BITSEA) S3=
British Ability Scales — 3rd ed., block design task 1 Uganda 1 55-67 Direct Q@ % Nampijja 2010
assessmen%' o8
Caregiver Reported Early Development Instruments | 18 17 countries not 2 0-35 Indirect/rqn@‘tgd Waldman 2021; McCoy 2017
(CREDI) listed, Tanzania 253
Caregiver Reported Early Development Instruments | 2 China; India 2 5-36 Indirect/r %cﬂé’d Li 2020; Alderman 2021
(CREDI), long-form She
Caregiver Reported Early Development Instruments | 18 17 countries not 2 0-35 Indirect/r @ rtgi McCoy 2018; Altatim 2018
(CREDI), short-form listed; Brazil > 3
— o
Child Behavior Checklist/1.5-5 (CBCL/1.5-5) and 1 China 1 50-71 Indirect/rgportgd | Liu 2011
the Caregiver-Teacher Report Form (C-TRF) g g
Child Behavior Scale (CBS) 1 Peru 1 24-72 Indirect/reé)ortgd Meyer 2011
Child Behaviour Assessment Instrument (CBAI) 1 Sri Lanka 1 48-72 Indirect/raportgd Samarakkody 2010
Child behaviour checklist (CBCL) 1 Kenya 1 12-72 Indirect/reé'ortgd Kariuki 2016
Child Social Preference Scale 1 China 1 36-60 Indirect/reportgd | Li 2016
Childhood Nonverbal Communication Scale 1 Iran 1 3-18 Indirect/re’gfortgd Oryadi-Zanjani 2020
(CNCS) Sy
Children’s Behavior Questionnaire (CBQ) 1 Iran 1 48-72 Indirect/r%ortgi Golmohammadi 2022
Chinese Preschool Readiness Scale (CPRS) 1 China 1 31-62 Indlrect/ré%orted Xie 2019 (Early Educ & Dev)
Chinese version of Urban Infant-Toddler Social and | 1 China 1 12-36 Indlrect/reportgsd Jianduan 2009
Emotional Assessment (,,
Chinese Vocabulary Checklist 1 China 1 12-30 Indirect/report%d Hao 2008
Communicative Development Inventory (CDI) 1 Kenya 1 6-36 Indlrect/reportgi Alcock 2015
Denver Developmental Screening Test for Sri 1 Sri Lanka 1 0-80 Direct (;53 Wijedasa 2012
Lankan Children (DDST-SL) assessment 3
=
H
@ 31
o
°
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Denver Developmental Screening Test (Denver-I1I) | 3 Brazil; Colombia; 4 0-70.6 Direct _é B | Lopez Boo 2020; Rubio-Codina
1 Ethiopia assessmetf, 7 | 2016; Rubio-Codina 2020;
2 indirect/réﬁortlﬁ\)el Abessa 2016
3 DEvelopmental assessment on an E-Platform 1 India 2 34-40 Direct < g Bhavnani 2019; Mukherjee 2020
4 (DEEP) assessmer®  ©
5 Developmental Assessment Tool for Anganwadis 1 India 1 19-36 Direct 5 & | Nair 2009
6 (DATA) assessmer® o
7 Developmental Assessment Tool for Anganwadis 1 India 1 36-48 Direct E’" i Nair 2012
8 (DATA-II) assessment  —
9 Developmental Milestone Chart (DMC) 1 Cambodia 1 1-96 Direct 405 | Scherzer 2009
10 assessment, 3
11 indirect/r%@tcogi
12 Developmental Milestones Checklist (DMC) 1 Kenya 1 2.53-12.06 Indirect/r@(gﬁtél Abubakar 2010
13 Dimensions of Mastery Questionnaire (DMQ-18) 1 Bangladesh 1 36-72 Indirect/réii&tgd Shaoli 2019
1: Early Development Instrument 1 Indonesia 1 48-96 Indirect/r@(&’t%i Brinkman 2017
16 Early Human Capability Index (eHCI) 7 Brazil, Kiribati, 1 24-72 Indirect/r@@tgd Sincovich 2019
17 China, Laos, Samoa, oo ;
Tonga, Tuvalu 2o
18 9 >3
19 Early Learning Outcomes Measure (ELOM) 1 South Africa 1 50-69 Direct g ma Snelling 2019
20 assessmens'@-i
21 EDIN II (Evaluacién del Desarrollo Integral de la 1 Costa Rica 1 0-72 Direct < g Cordero, 2019
22 nifia y el nifio) assessmerfc S
23 Elicited Imitation Test (EIT) 1 Iran 1 36-83 Direct ® @ | Mehrani2018
24 assessmer® o
25 Emotional and Behavioral Screener (EBS) 1 China 1 48-84 Indirect/ré.%ortéd Zhang 2018
26 Emotional Regulation Checklist 1 Turkey 1 48-60 Indirect/reioﬂéd Danisman 2016
;; Escala de Conductas de Aprendizaje Preescolar 1 Peru 1 24-72 Indirect/régor‘@l Hahn 2009
(ECAP), a Spanish translation of the Preschool = 2
29 Learning Behaviors Scale (PLBS) = £
30 Escala de Habildades Sociales (Scale of Social 1 Argentina 1 36-60 Indirect/réport®d | Lacunza 2009
31 | Avilities) 3 o
32 Executive function battery 1 Pakistan 1 Direct % 8 | Obradovic 2019
33 assessmeiff o
34 Executive Function Touch (EF Touch) 2 Kenya 3 36-72 Self- ® 2 | Willoughby 2019 (Child
35 administrationd Neuropsych); Willoughby 2019
36 S | (Dev Science); Toor 2022
37 Farsi Narrative Norms Instrument 1 Iran 1 60-72 Direct ® Soleymani 2016
38 assessment 2
39 Global Scales for Early Development 32 Not listed 1 Direct S | McCray 2023
40 assessment, S
41 indirect/report‘&l
42 =
43 & 32
44 o
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Infant Neurological International Battery 1 Iran 4-18 Direct _é B | Soleimani 2007
assessmert 7
Intelligibility in Context Scale (ICS) / ICS- 1 Jamaica 39-75 Indirect/r@oﬂw Washington 2017
Jamaican Creole - b
INTER- GROWTH-21st Project Neurodevelopment | 1 Grenada 22-30 Direct 3 g Waechter 2022
Assessment (INTER-NDA) assessmerff, &
indirect/reagbrt%i
International Development and Early Learning 17 Afghanistan, 36-96 Direct = i Halpin 2019; Pisani 2018; Wolf
Assessment (IDELA) Ethiopia, Uganda, assessmenf  © | 2017; Pisani 2022
Vietnam, Bolivia, oo QZJ
Bangladesh, Bhutan, z gi
Egypt, India, %g E
Indonesia, Mali, T3 5
Malawi, 52 g
Mozambique, R
Pakistan, Rwanda, =59
Zambia, Ghana 8aF
Kaufman Survey of Early Academic and Language | 1 Turkey 61-72 Direct Z 2 :—t Uyanik 2014
Skills (K-SEALS) assessmerfe = §
Kilifi Developmental Inventory 2 Ghana, Cote 6-35 Direct 3 ?];_—: Barthel 2022; Abubakar 2008
d'Ivoire, Kenya assessmer%i R3]
Kilifi Developmental Inventory, coin box task 1 Uganda 55-67 Direct < g Nampijja 2010
assessmerfe =
Kilifi Picture Vocabulary Test 1 Uganda 55-67 Direct s @ | Nampijja2010
assessmerg- 2
Little Developmental Coordination Disorder 1 South Africa 36-49 Indirect/ré@ort_@d Venter 2015
Questionnaire (Little DCDQ) 2 3
MacArthur Communicative Development Inventory | 1 Pakistan Indirect/rq%ort&i Rasheed 2017
Level I 3 S
MacArthur-Bates Communicative Development 1 Colombia 8-30 Indirect/raﬁortgd Lara Diaz 2011
Inventories CDI T 32
MacArthur-Bates Communicative Development 1 Colombia 6-42 Indirect/r%ortg;l Rubio-Codina 2016; Rubio-
Inventories Short-Forms I vocabulary checklist 3 ' | Codina 2020
Q o
MacArthur-Bates Communicative Development 1 Colombia 6-42 Indirect/r%oﬂemd Rubio-Codina 2016; Rubio-
Inventories Short-Forms II vocabulary checklist 2 % Codina 2020
Malawi Developmental Assessment Tool (MDAT) 1 Malawi 0-84 Direct € | Gladstone 2010
assessment, o
indirect/reporté%l
Malawi Developmental Assessment Tool (MDAT), | 1 Dominican Republic 2-24 Direct T | Sanchez-Vincitore 2019
renamed Dominican Child Development assessment, g
Screening Tool indirect/report_gd
=
& 33
(o}
(0]
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Malay Preschool Language Assessment Tool Malaysia 48-83 Direct _é B | Razak 2010
1 (MPLAT) assessmerf 7
2 MELQO Measure of Development and Learning Laos 48-49 Direct < % Gomez 2022
3 Outcomes assessment. +
4 Milestones Checklist; Vocabulatory Inventory Senegal 4-30 Indirect/r@oﬂél Weber 2018
3 Modified Fagan Test for Infant Intelligence (FTII) Uganda 6-12 Direct o § Familiar-Lopez 2022
6 assessmei@ O
7 Mongolian Rapid Baby Scale (MORBAS) Mongolia 0-42 Indirect/re'ﬁort&d Dagvadorj 2015
2 Motor Development Scale Brazil 48-72 Not reporfgdn Z Okuda 2020
10 Movement Assessment Battery for Children- China 36-72 Direct f gi Hua 2013
11 second edition (MBAC-2) assessmer%@' Q
12 Movement Assessment Battery for Children, Uganda 55-67 Direct @ CBD g Nampijja 2010
13 balancing on one leg assessmer% 25
14 Mullen Scales of Early Learning (MSEL) Guatemala; South 0-68 Direct =0 5 Koura 2013; Boivin 2021;
15 Africa; The Gambia assessmerpk S S Colbert 2020; Bornman 2010;
16 2 @ 2 | Milosavljevic 2019
17 NEPSY verbal fluence task Uganda 55-67 Direct gg ; Nampijja 2010
i sesnefiaf |
19 NEPSY, knock tap game Uganda 55-67 Direct 3 Fﬁ = Nampijja 2010
20 _ as'sessmeni 0o
21 NEPSY, sentence repetition task Uganda 55-67 Direct é . S | Nampijja 2010
2 assessmenp 3
Oxford Neurodevelopment Assessment (OX-NDA) Brazil Direct = 3 | Fernandes 2022
23 o
assessmerfe; 3
24 indirect/report&l
25 Parents' Evaluation of Developmental Status India; South Africa; 0-30 Indirect/reg;ortgd Mukherjee 2022; Abdoola 2021;
;? (PEDS) Thailand 2 S | Chunsuwan 2016
28 Preschool and Kindergarten Behavior Scale (PKBS) Brazil 36-72 Indirect/rfvé'oﬂgd Dias 2011
29 Preschool Language Scale-3 (PLS- 3) Colombia 48-84 Direct 2 < | Romero 2013
30 assessmerg o
31 Preschool Learning Behavior Scale (PLBS) China Indirect/r%ortggi Wu 2019 (JPA)
32 Questionario para Avaliagdo do Desenvolvimento Brazil 0-59 Indirect/re%ortgi Venancio 2020
33 Infantil (QAD-PIPAS) e B
34 Ragama Early Assessment for Children (REACh) Sri Lanka 24-60 Indirect/rq%ort&ﬁ Caldera 2023
35 Rapid Assessment of Cognitive and Emotional Ghana 48-72 Self- @ | Yuan 2022
36 Regulation (RACER) administrationg
37 Rapid Neurodevelopmental Assessment (RNDA) Bangladesh; 0-60 Direct ® | Khan 2010; Khan 2013;
38 Guatemala assessment g Thompson 2015
ig Receptive and expressive vocabulary test battery Kenya 24-83 Direct (;_3 Knauer 2019
41 (English, Luo and Swabhili ) assessment 2
42 z
43 o 34
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Saccadic reaction time (SRTs) Sierra Leone 1 7-11.9 Self- _é B | Leppénen 2022
administrigion?
Screening for Identification of Oral Language Brazil 1 51-65 Indirect/r@oﬂw Puglisi 2020
Difficulties by Preschool Teachers (SIOLD) ; g
Screening Test of Early Language Development- India 1 6-21 Indirect/r@ortw Pathak 2023
Test version (STELD-T) = a
Self-ordered Pointing Task (SOPT) Brazil 1 42-60 Self- “gh i Sallum 2017
administrdtion-
Sky Search in the Tests of Everyday Attention for Uganda 1 55-67 Direct ¢ O S | Nampijja 2010
Children, Sky Search Task assessmerff § t,
D5 O
Social Skills domain of System-Rating Scales China 1 36-60 Indirect/r%(%c_%ﬂ Wu 2019 (PS)
(SSIS-RS) 83 0g
Spanish-language MacArthur—Bates Mexico 1 8-30 Indirect/re%(ﬁtéd Jackson-Maldonado 2013
Communicative Development Inventories short ‘E v %
forms (S-CDI SFI and SFII) 228
Strengths and Difficulties Questionnaire (SDQ) Pakistan; Turkey 2 20-51 Indirect/rejp@'tgd Finch 2018; Dursun 2020
Tap Once Tap Twice Task Uganda 55-67 Direct Ei o | Nampijja 2010
assessmerft %2
Test of Gross Motor Development (TGMD-2) Brazil 1 36-60 Direct 5: mg Bandeira 2020
assessmer® =
Thai Speech and Language Test (TSLT) Thailand 1 3-24 Direct 3 5 Prathanee 2008
assessmeni. O
The Chinese Early Language and Communication China 1 2-48 Indirect/re%or‘tgd Zhang 2021
Questionnaire 5 T
The Chinese Intelligence Scale for Young Children China 1 36-84 Direct i E Guo 2009
assessmerg O
The infant gross motor screening test (IGMST) South Africa 1 6-18 Direct o =3 Hilburn 2011
assessmer. S
The language inventory Bangladesh 1 12-18 Indirect/re%bort:' Hamadani 2010
The Road to Health Booklet (RTHB) South Africa 1 6-12 Indirect/ré_}iortgd van der Linde 2015
The Test of Infant Motor Performance (TIMP) Nepal 1 2-3 Direct 3 z Kvestad 2023
assessmer® O
Tobii Professional Studio eye tracking Uganda 1 44-65 Direct D g Boivin 2017
programming assessment
Vietnamese version of the Intelligibility in Context Viet Nam 1 24-71 Indirect/reportgd | Pham 2017
Scale (ICS-VN). a
Vineland Adaptive Behaviour Scale (VABS II) India 1 36-108 Indirect/report%i Kumar 2016
Vocabulary Checklists Malawi, Ghana 1 12-17; 48- Indirect/report&d | Prado 2018
72 S
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Wechsler Preschool and Primary Scale of Pakistan 1 Direct _é B | Rasheed 2018
1 Intelligence, thid edition (WPPSI-III) assessmef 2
2 e N
3 WHO Gross Motor Milestones Bangladesh; 3 3-42 Direct = 1 | Hamadani 2013; Rubio-Codina
4 Colombia assessmeng; 8 2016; Rubio-Codina 2020
5 indirect/reBortgel
6 Wisconsin Card Sort Test Uganda 1 55-67 Direct % & | Nampijja 2010
- assessmene =)
8 =
9 g m=
822
10 a ‘_D.B
11 g‘:_ib, S
12 @3 o
13 CEE
14 D=
15 =59
Qo
16 az2
17 oc =
@~ 0
18 83
19 3Rz
20 228
21 Q-
22 > 2
23 s B
24 2 Z
25 & 3
26 2 3
27 o 3
28 3 S
29 2 £
30 T o
31 % &
32 o n
33 S R
34 8 o
35 Z
36 e
37 @
38 gﬂ
39 5
40 Q
4 3
42 o
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Supplemental Table 6 Number of articles providing psychometric evidence by world region and urban/rural lo

BMJ Open

Region Urban | Rural | Urban-
rural

Caribbean 2 0 0
Central America 1 3 0
East Asia 10 1 8
Oceania 0 0 1
North Africa and the Middle East 0 0 1
North America 1 0 0
South America 18 0 7
South Asia 11 13 9
Southeast Asia 5 1 3
Sub-Saharan Africa 10 15 13
West Asia 8 0 2
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. o . . 0. S .
: Supplemental Table 7 Number of articles providing psychometric evidence by child development assessment t&lsgdevelopment articles)
< >S5
2 2 R
3 Number | Number Number of articles = XNumber of articles
4 of articles of providing evidence on Number of articles providing evidence on validity 5 groviding evidence on References
providing | countries reliabili =z ng@asurement invariance
5 Name of assessment tool e | e e r— 5_ = Over
6 metric tool was Test- | Inter- consis- | Content Concur- | Conver- | Predic- | Structu |3 (g'er Over other First author &
7 evidence applied retest | rater tency rent gent tive -ral 5..coll@trles time groups year
8 Angkor Hospital for 1 1 0 0 0 1 0 0 0 0 =0 E 0 0 Ngoun 2012
9 Children Developmental ‘é o 2
10 Milestone Assessment Tool AN
1 (AHC DMAT) 2a g
12 Caregiver Reported Early 2 18 2 1 2 2 2 2 0 1 FD“I‘BD = 0 0 McCoy 2017,
13 Development Instruments g o g Waldman 2021
(CREDI) °2=
14 Caregiver Reported Early 1 17 1 0 1 1 1 1 0 0 21%’ o 0 1 McCoy 2018
15 Development Instruments [ _8 8.
16 (CREDI), short-form 28
17 Child Behaviour Assessment | 1 1 1 0 1 1 1 0 0 0 gOE é‘” 0 0 Samarakkody
18 Instrument (CBAI) >3 2010
19 . e ——
Childhood Nonverbal 1 1 0 0 1 1 1 1 0 1 SN 0 0 Oryadi-Zanjani
20 Communication Scale gv < 2020
21 (CNCS) —
22 Chinese Preschool Readiness | 1 1 0 0 1 1 1 0 0 1 50 S 0 0 Xie 2019 (Early
23 Scale (CPRS) > o Educ & Dev)
S5 3
24 Chinese Vocabulary 1 1 0 0 0 0 0 1 0 0 =0 g 0 0 Hao 2008
25 | Checklist 0 2
26 DEvelopmental assessment 1 1 0 0 0 1 0 0 0 0 =0 o 0 0 Bhavnani 2019
27 on an E-Platform (DEEP) ” 3
28 Developmental Assessment 1 1 0 0 1 1 0 0 0 1 30 e 0 0 Nair 2009
29 Tool for Anganwadis 5 <
31 Developmental Assessment | 1 1 0 0 1 1 0 0 0 1 = N 0 0 Nair 2012
Tool for Anganwadis 3 w
32 | (DATA-IN) S
33 Developmental Milestone 1 1 0 0 0 1 0 0 0 0 :iDO R 0 0 Scherzer 2009
34 Chart (DMC) n 8
35 Developmental Milestones 1 1 1 0 1 1 1 1 0 1 0 g 0 0 Abubakar 2010
36 Checklist (DMC) o
37 ﬁtrly Learﬁling 1\(/?utcomes 1 1 0 1 1 0 0 0 0 1 (U 0 1 Snelling 2019
3 [Measure (ELOM) 2 .
39 Elicited Imitation Test (EIT) | 1 1 1 0 1 0 0 o 1 Mehrani 2018
40 Escala de Habildades 1 1 0 0 0 L_E: 0 Lacunza 2009
41 Sociales (Scale of Social 2
Abilities) >
42 Q
43 o 38
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g 3
Number Number Number of articles S ©Number of articles
of articles of providing evidence on Number of articles providing evidence on validity [S EJroviding evidence on References
Name of assessment tool providing | countries reliabili 'S mRasurement invariance
psycho- | where the Internal . T Over .
metric tool was Test- | Inter- consis- | Content Concur- | Conver- | Predic- | Structu = ®Ber Over other First author &
evidence applied retest | rater R rent gent tive -ral Eco@tries time T year
Farsi Narrative Norms 1 1 1 1 0 1 0 0 0 0 g() g‘ 0 0 Soleymani 2016
Instrument =
Global Scales for Early 1 32 0 0 1 1 0 0 0 0 < R 0 0 McCray 2023
Development S mZ
International Development 1 12 1 1 1 1 1 1 0 0 2z L 0 0 Pisani 2018
and Early Learning ig' N
Assessment (IDELA) R
Kilifi Developmental 1 1 1 1 1 1 1 1 0 0 80‘3” D 0 0 Abubakar 2008
Inventory =29
Malawi Developmental 1 1 1 1 0 1 0 1 0 0 60'-(/; =1 0 0 Gladstone 2010
Assessment Tool (MDAT) =<9
Malay Preschool Language 1 1 1 1 1 1 0 0 0 0 200 & 0 0 Razak 2010
Assessment Tool (MPLAT) 2o =
Mongolian Rapid Baby 1 1 0 0 0 1 1 0 0 0 @; o 0 0 Dagvadorj 2015
Scale (MORBAS) w >3
Oxford Neurodevelopment 1 1 1 1 1 0 1 0 0 0 g()ﬁ = 0 0 Fernandes 2022
Assessment (OX-NDA) 5-5.’3'9
Questionario para Avaliagdo | 1 1 0 0 0 1 0 0 0 0 S 0 0 Venancio 2020
do Desenvolvimento Infantil > 3
(QAD-PIPAS) = 9
Ragama Early Assessment 1 1 0 1 1 1 1 0 0 0 =0 % 0 0 Caldera 2023
for Children (REACh) S g
Rapid Neurodevelopmental 1 1 0 1 0 1 1 0 1 0 :0 ﬁ 0 0 Khan 2010
Assessment (RNDA) 3 O
Receptive and expressive 1 1 0 1 1 0 1 1 1 0 =S 0 0 Knauer 2019
vocabulary test battery 3 S
(English, Luo and Swabhili ) 5 o
Saccadic reaction time 1 1 1 0 0 0 0 1 0 0 g{) E 0 0 Leppénen 2022
(SRTs) °
Screening for Identification 1 1 0 0 0 0 0 0 0 1 ':3-0 w 0 0 Puglisi 2020
of Oral Language > S
Difficulties by Preschool e B
Teachers (SIOLD) ? o
Screening Test of Early 1 1 0 0 1 0 1 0 0 0 0 g 0 0 Pathak 2023
Language Development-Test o
version (STELD-T) o
Thai Speech and Language 1 1 0 1 1 1 0 0 0 0 0 w 0 0 Prathanee 2008
Test (TSLT) =3
The infant gross motor 1 1 1 1 0 1 1 0 0 0 0 g 0 0 Hilburn 2011
screening test IGMST) =
The language inventory 1 1 1 0 0 1 1 1 1 0 0 'g 0 0 Hamadani 2010
E
® 39
o
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1 Num.ber Number Number of articles ) . ) . § gNufn!)er of.articles
of articles of providing evidence on Number of articles providing evidence on validity [S Erowdmg evidence on References
2 Name of assessment tool providing | countries reliabili 'S mRasurement invariance
3 psycho- | where the Internal L~ Over
4 metric tool was Test- | Inter- . Concur- | Conver- | Predic- | Structu [5° (Ber Over First author &
consis- | Content 5 ) " 5 other
5 evidence applied retest | rater tency rent gent tive -ral Eco@trles time groups year
6 Vocabulary Checklists 1 1 0 0 0 0 1 0 1 0 S0 g‘ 0 0 Prado 2018
(@]
=
9 g m=
8%
10 =
3
11 2o
12 239
1431 S
15 220
228
16 aga
17 oS =
.Q—Jc-A o
18 9 >3
19 33
20 208
21 ‘:Q . E
> 3
22 =
23 5 o
24 2 Z
25 & 3
2 3 8
27 o =
28 5 S
29 ) ‘g-'
30 ® o
(2]
31 S ©
s -
34 2 o
v £
35 z
36 z
37 ®
38 g
39 5
40 Q
4 B
42 _g
c
43 ® 40
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Supplemental Table 8 Number of articles providing psychometric evidence by child development assessment t@lIsgadaptation articles)
< >S5
g N
Number Number Nufnl.)er 0f-art1cles Number of articles providing evidence on Nun.lber o ar@les providing
of of providing evidence on validi evidencgon geasurement References
articles . reliability v fhvagiance
. ..__|countries e
Name of assessment tool providing d 2
where the Internal . = Over
psycho- Test- | Inter- . Concur-(Conver- Predic-| Structu- Over o OFer .
. | tool was consis- |Content . S other First author & year
metric . retest | rater rent gent tive ral countrieso| time
. applied tency 5 e groups
evidence =
IAges & Stages Questionnaire (ASQ) 2 2 0 1 1 2 0 0 0 1 é(%"@ 0 \Vameghi 2013; Bornman
~ o 2010
Da' Q
IAges & Stages Questionnaire Inventory [2 2 1 1 2 1 2 1 0 0 5(13 9 0 Xie 2017; Pitchik 2023
(ASQ:T) T2
IAges & Stages Questionnaire: Social- 3 3 2 2 2 1 1 0 0 2 SO?* § 0 IKucuker 2011; Anunciagdo
Emotional (ASQ-SE) g o ;?_) 2019; Bian 2017
S
=
IAges & Stages Questionnaire: Social- |1 1 1 1 1 0 1 0 0 0 g@. @ P Xie 2019 (Journal of Child
Emotional, First Edition (ASQ:SE-1) gL & Dev Studies)
9~ o
IAges & Stages Questionnaire-3 (ASQ- |13 11 S S 12 3 5 5 2 4 ‘”05 3 1 Zirakashvili 2018; Colbert
3) E m= 2021; Rubio-Codina 2016;
E V-i Rubio-Codina 2020;
Q- g Shrestha 2019; Hsiao 2016;
; 5 Filgueiras 2013; van
s o Heerden 2017; Ortiz-Leon
3 Z 2018; Kvestad 2013; Yue
a 3 2019; Yunilda 2022; Bian
o o 2012
IAges & Stages Questionnaires: Social |1 1 0 0 0 0 0 0 0 1 al 3 0 Chen 2017
Emotional (ASQ:SE-BR) ‘g o
S S
|Alberta Infant Motor Scale (AIMS) 4 1 3 3 2 1 3 1 1 0 ago & P Saccani 2016; Siegle 2018;
a a de Albuquerque 2018;
38 Valentini 2012
= <
O 'Y
Battelle Developmental Inventory 3 2 2 0 2 1 1 1 1 0 gO S P IRubio-Codina 2016; Rubio-
Second Edition, BDI-2 B g Codina 2020; de
7 ; |Albuquerque 2022
Q
Bayley Infant Neurodevelopment 4 8 1 1 2 1 1 1 2 2 0 % 0 Guedes 2011; McCarthy
Screener (BINS) o 2012; Soysal 2014;
@ Rodriguez 2020
=2
Bayley Scales of Infant and Toddler 1 1 1 1 1 1 0 1 0 1 0 & 0 |Azari 2017
Development (BSID) g
_E.
® 41
a
o
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Number Number NuTnPer of.artlcles Number of articles providing evidence on Nun‘lber g argicles providing
1 of of providing evidence on validi evidencg on theasurement References
2 articles | e reliability v cgivalg'\ﬁnce
3 Name of assessment tool providinWhere the Internal 7 4.; Over
4 psycho- Test- | Inter- . Concur-|Conver-Predic-| Structu-| Over 3 OFer .
. | tool was consis- |Content . . 2 o other First author & year
5 metric . retest | rater rent gent tive ral countriesc| tame
. applied tency g o9 groups
6 evidence 5
7 Bayley Scales of Infant Development, |1 1 1 0 1 0 0 1 0 1 0 “o 5 0 INampijja 2010
8 bead threding task g B
C| =
9 Bayley Scales of Infant Development, 2 4 0 0 0 1 1 0 0 0 0 §d§‘§ 0 Biasini 2015; Parveen 2014
10 Edition (BSID-II 10
> Second Edition (BS ) 3 g_ B
12 Bayley Scales of Infant Development, |11 12 4 3 7 2 3 3 4 5 2 %Qg o Rubio-Codina 2016; Rubio-
Third Edition (BSID-III) 9 (.BD ¥ Codina 2020; Hanlon 2016;
13 o= = Ranjitkar 2018; Madaschi
14 POz 2016; Pendergast 2018,;
15 ; 3 2 Manandhar 2016; Zakaria
16 aza 2012; Lohaus 2014;
17 53 McHenry 2021; Rasheed
18 SE 2023
19 Bracken School Readiness Assessment, |1 1 0 0 1 1 0 0 0 0 0 3(#-’, g 0 Shah 2013
20  [Third Edition (BSRA-3) =X
21 Brief Infant- 2 3 1 1 2 1 1 0 1 30 E Karabekiroglu 2009;
22 [Toddler Social and Emotional = S Barthel 2021
23 IAssessment (BITSEA) % e
24 E
25 British Ability Scales — 3rd ed., block |1 1 1 0 1 0 0 1 0 1 0 30 3 p INampijja 2010
26  |design task 2 9
27 Caregiver Reported Early Development [2 2 0 0 2 0 2 2 0 0 0 20 3 D IAlderman 2021; Li 2020
28 Instruments (CREDI), long-form 3 9
29 Caregiver Reported Early Development |1 1 1 0 1 1 1 1 0 0 2 ¢ IAltafim 2018
30 Instruments (CREDI), short-form § >
31 i~
32 Child Behavior Checklist/1.5-5 1 1 0 0 0 0 0 0 0 1 1 20 : 0 Liu 2011
33 (CBCL/1.5-5) and the Caregiver- g Q
34 [Teacher Report Form (C-TRF) o 9
3 Child Behavior Scale (CBS) 1 1 0 0 1 0 0 0 0 1 0 2 i 0 Meyer 2011
36 Child behaviour checklist (CBCL) 1 1 1 0 1 0 0 1 0 1 0 0 S 0 Kariuki 2016
37 Child Social Preference Scale 1 1 0 0 1 0 0 0 1 1 0 0 Q 1 ILi2016
38 Children’s Behavior Questionnaire 1 1 1 0 1 1 1 1 0 1 0 0 g 0 Golmohammadi 2022
39 [(€CBQ =
40 IChinese version of Urban Infant- 1 1 1 1 1 0 1 0 0 < 0 Jianduan 2009
41 Toddler Social and Emotional 8
42 IAssessment g
c
43 o 42
44 ®
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Number Number NuTnPer of.artlcles Number of articles providing evidence on Nun‘lber g argicles providing
of providing evidence on .. evidencg on measurement References
. of . oy ers validity = N
articles . reliability dnvarance
.. |countries = e
Name of assessment tool prov1d1nWhere the Internal 1 % .
psycho- Test- | Inter- . Concur-|Conver-Predic-| Structu-| Over 3 OFer .
. | tool was consis- |Content . . 2 o other First author & year
metric aoplied retest | rater tenc rent gent tive ral countrlesg2 tgle rouDs
evidence| “PP y S G | grow
ICommunicative Development Inventory |1 1 1 0 1 0 1 0 0 0 “o 5 0 |Alcock 2015
(CDI) 3 £
Denver Developmental Screening Test |1 1 0 1 0 0 0 0 0 0 altmn QZJ 0 \Wijedasa 2012
for Sri Lankan Children (DDST-SL) & §<
= DN
Denver Developmental Screening Test 4 3 3 2 3 2 1 2 1 1 ;@ E 0 IAbessa 2016; Rubio-Codina
(Denver-II) o< 5 2016; Rubio-Codina 2020;
g % g ILopez Boo 2020
oy >
IDEvelopmental assessment on an E- 1 1 0 0 0 0 1 0 0 0 5,5,%} ;?_, 0 IMukherjee 2020
Platform (DEEP) 222
et
IDimensions of Mastery Questionnaire |1 1 1 1 1 1 1 0 0 1 o= [0 Shaoli 2019
g <) o
(DMQ-18) o> 3
[Early Development Instrument 1 1 1 1 1 1 0 §(ﬁ = P IBrinkman 2017
[Early Human Capability Index (eHCI) |1 7 1 0 1 Ead Sincovich 2019
IEDIN II (Evaluacion del Desarrollo 1 1 0 1 0 “):O 5 0 Cordero, 2019
Integral de la nifia y el nifio) - g'
IEmotional and Behavioral Screener 1 1 0 1 1 1 0 0 1 50 5 Zhang 2018
(EBS) = g
[Emotional Regulation Checklist 1 1 1 1 1 1 20 o IDanisman 2016
[Escala de Conductas de Aprendizaje 1 1 0 0 0 0 1 20 3 IHahn 2009
Preescolar (ECAP), a Spanish 3 9
translation of the Preschool Learning 3 o
Behaviors Scale (PLBS) a5
Executive function battery 1 1 0 1 1 0 1 1 1 N Obradovic 2019
[Executive Function Touch (EF Touch) [3 2 1 1 1 1 3 0 2 g “; Willoughby 2019 (Child
g R Neuropsych); Willoughby
g g 2019 (Dev Science); Toor
T 2022
o
Infant Neurological International 1 1 0 1 0 0 1 0 0 0 0 3 0 Soleimani 2007
Battery ,‘3'
Intelligibility in Context Scale (ICS)/ |1 1 1 1 1 0 1 1 0 1 05 P \Washington 2017
ICS-Jamaican Creole g
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S
>0
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Number Number NuTnPer of.artlcles Number of articles providing evidence on Nun‘lber g argicles providing
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Supplemental Table 10 Number of articles by category of risk of bias

BMJ Open

Risk of bias due to training | Risk of bias due to Risk of bias due to
or administration selective reporting missing data

Low risk 42 80 74

Some concerns 11 8 49

High risk 0 1 7

Unable to assess 122 8 44

Not applicable 0 78 1
Indirectness (are results
generalisable?)

Yes 18

Probably yes 81

Probably no 49

No 24

No information 3
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Supplemental Table 11 Risk of bias assessment by included article

Risk of bias due to Risk of bias . q
First author & year training or due to selective Risk 0 f.b ias due Are rt'esults
administration reporting to missing data generalizable?
Abdoola 2021 unable to assess N/A unable to assess | probably no
Abessa 2016 low risk N/A unable to assess | probably yes
Abubakar 2008 unable to assess Low risk low risk probably yes
Abubakar 2010 unable to assess Some concerns | High risk No
Alcock 2015 unable to assess N/A low risk Probably yes
Alderman 2021 Low risk unable to assess | Low risk Yes
Altafim 2018 low risk unable to assess | some concerns probably yes
Anunciagdo 2019 unable to assess n/a some concerns Yes
Azari 2017 unable to assess high risk unable to assess | probably no
Bandeira 2020 unable to assess low risk Low risk probably yes
Barthel 2021 unable to assess low risk low risk probably yes
Barthel 2022 Some concerns Low risk Low risk Probably no
Bhavnani 2019 unable to assess N/A low risk Yes
Bian 2012 unable to assess N/A Low risk no
Bian 2017 unable to assess n/a unable to assess | Yes
Biasini 2015 unable to assess N/A Some concerns Probably yes
Boivin 2017 unable to assess Low risk Low risk No
Boivin 2021 unable to assess low risk low risk probably yes
Bornman 2010 unable to assess N/A Low risk no
Bornman 2010 unable to assess N/A low risk no
Brinkman 2017 some concerns Low risk unable to assess | probably yes
Caldera 2023 unable to assess N/A unable to assess | Yes
Chen 2017 unable to assess N/A some concerns yes
Chunsuwan 2016 unable to assess N/A unable to assess | probably no
Colbert 2020 low risk low risk unable to assess | probably yes
Colbert 2021 unable to assess low risk Low risk No information
Cordero, 2019 unable to assess N/A unable to assess Yes
Dagvadorj 2015 unable to assess N/A Low risk Probably no
Danigsman 2016 unable to assess N/A high risk no
de Albuquerque 2018 unable to assess N/A Low risk probably yes
de Albuquerque 2022 unable to assess N/A Low risk probably yes
Dias 2011 unable to assess N/A low risk Probably yes
Dursun 2020 unable to assess low risk Some concerns probably no
Familiar-Lopez 2022 unable to assess Some concerns Some concerns No
Fernandes 2022 unable to assess low risk low risk probably yes
Filgueiras 2013 unable to assess N/A unable to assess | probably yes
Finch 2018 low risk Low risk low risk probably no
Gladstone 2010 unable to assess low risk some concerns Probably yes
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BMJ Open
First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
administration reporting to missing data generalizable?
Golmohammadi 2022 unable to assess Low risk low risk probably no
Gomez 2022 unable to assess Low risk Low risk Probably yes
Guedes 2011 unable to assess low risk unable to assess | probably no
Guo 2009 unable to assess N/A unable to assess | Probably yes
Hahn 2009 unable to assess N/A high risk probably yes
Halpin 2019 unable to assess N/A unable to assess | yes
Hamadani 2010 low risk low risk high risk probably yes
Hamadani 2013 unable to assess low risk low risk Probably yes
Hanlon 2016 Some concerns Some concerns Low risk Probably no
Hao 2008 unable to assess low risk unable to assess | no
Hilburn 2011 low risk N/A unable to assess | Probably yes
Hsiao 2016 some concerns low risk low risk probably yes
Hua 2013 unable to assess N/A Some concerns probably yes
Jackson-Maldonado 2013 | unable to assess low risk Low risk Yes
Jianduan 2009 unable to assess N/A unable to assess | probably yes
Karabekiroglu 2009 unable to assess N/A low risk no
Kariuki 2016 Some concerns Low risk Some concerns Probably yes
Khan 2010 unable to assess Some concerns low risk Probably no
Khan 2013 unable to assess N/A unable to assess | probably yes
Knauer 2019 unable to assess low risk some concerns probably yes
Koura 2013 low risk unable to assess | unable to assess | probably no
Kucuker 2011 unable to assess N/A some concerns Probably yes
Kumar 2016 unable to assess some concerns low risk probably no
Kvestad 2013 Low risk N/A some concerns Probably yes
Kvestad 2023 low risk low risk some concerns probably no
Lacunza 2009 unable to assess N/A unable to assess | probably no
Lara Diaz 2011 unable to assess low risk Low risk Probably yes
Leppénen 2022 unable to assess low risk high risk probably no
Li2016 unable to assess Low risk Some concerns No
Li 2020 unable to assess unable to assess | low risk probably yes
Liu 2011 unable to assess N/A Some concerns probably yes
Lohaus 2014 unable to assess Low risk Some concerns No
Lopez Boo 2020 Some concerns low risk some concerns probably yes
Madaschi 2016 unable to assess N/A Some concerns probably yes
Manandhar 2016 low risk N/A unable to assess | probably no
McCarthy 2012 low risk N/A unable to assess | probably yes
McCoy 2017 Low risk low risk low risk yes
McCoy 2018 unable to assess low risk low risk yes
McCray 2023 unable to assess N/A Low risk Probably yes
McHenry 2021 low risk low risk some concerns Probably no
Mehrani 2018 unable to assess N/A Low risk Probably no
Meyer 2011 unable to assess N/A unable to assess | Probably no
51
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First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
administration reporting to missing data generalizable?
Milosavljevic 2019 low risk low risk some concerns no
Mukherjee 2020 unable to assess N/A low risk No
Mukherjee 2022 unable to assess N/A low risk probably yes
Nair 2009 unable to assess N/A unable to assess | probably yes
Nair 2012 unable to assess N/A unable to assess | probably yes
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Ngoun 2012 unable to assess N/A unable to assess | yes
Obradovic 2019 unable to assess Low risk low risk probably yes
Okuda 2020 unable to assess N/A unable to assess | probably yes
Ortiz-Leon 2018 unable to assess N/A some concerns probably no
Oryadi-Zanjani 2020 some concerns N/A low risk probably yes
Parveen 2014 unable to assess N/A N/A no
Pathak 2023 unable to assess N/A low risk probably no
Pendergast 2018 low risk N/A Some concerns yes
Pham 2017 unable to assess low risk low risk probably no
Pisani 2018 unable to assess low risk unable to assess | yes
Pisani 2022 unable to assess low risk some concerns probably yes
Pitchik 2023 low risk low risk low risk probably yes
Prado 2018 Low risk Low risk low risk No
Prathanee 2008 low risk N/A low risk probably yes
Puglisi 2020 Some concerns N/A low risk Probably yes
Ranjitkar 2018 low risk low risk low risk probably yes
Rasheed 2017 some concerns N/A unable to assess | probably no
Rasheed 2018 low risk Low risk unable to assess | probably yes
Rasheed 2023 unable to assess Low risk unable to assess | no information
Razak 2010 unable to assess N/A low risk probably no
Rodriguez 2020 low risk unable to assess | unable to assess | probably yes
Romero 2013 unable to assess N/A unable to assess | Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
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First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
administration reporting to missing data generalizable?
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk Some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk Some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 low risk Low risk some concerns Probably yes
Saccani 2016 low risk N/A unable to assess | yes
Sallum 2017 unable to assess low risk some concerns probably yes
Samarakkody 2010 unable to assess N/A unable to assess | yes
Sanchez-Vincitore 2019 low risk Low risk low risk probably no
Scherzer 2009 unable to assess N/A unable to assess | probably yes
Shah 2013 unable to assess n/a unable to assess no
Shaoli 2019 unable to assess n/a low risk probably yes
Shrestha 2019 some concerns low risk some concerns probably no
Siegle 2018 unable to assess N/A some concerns probably no
Sincovich 2019 unable to assess N/A some concerns probably no
Snelling 2019 unable to assess N/A some concerns probably yes
Soleimani 2007 low risk N/A Some concerns no information
Soleymani 2016 unable to assess N/A Low risk No
Soysal 2014 unable to assess some concerns some concerns no
Thompson 2015 low risk unable to assess | unable to assess | probably no
Toor 2022 unable to assess Low risk some concerns No
Uyanik 2014 unable to assess N/A Some concerns Probably no
Valentini 2012 unable to assess Low risk unable to assess | Probably no
Vameghi 2013 unable to assess N/A high risk probably no
van der Linde 2015 unable to assess low risk low risk probably no
van Heerden 2017 low risk N/A unable to assess | no
Venancio 2020 unable to assess N/A Some concerns Probably yes
Venter 2015 unable to assess N/A high risk probably no
Waechter 2022 low risk N/A unable to assess | probably yes
Waldman 2021 unable to assess Some concerns Low risk Probably yes
Washington 2017 unable to assess Low risk Some concerns No
Weber 2018 unable to assess low risk some concerns probably yes
Wijedasa 2012 low risk N/A low risk yes
Willoughby 2019 (Child low risk low risk low risk probably yes
Neuropsych)
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: Risk of bias due to | Risk of bias | g, ¢ piag due Are results
First author & year training or due to selective e 3
- A . to missing data generalizable?
administration reporting
Willoughby 2019 (Dev Low risk Low risk Some concerns Probably yes
Science)
Wolf 2017 Some concerns low risk unable to assess no
Wu 2019 (JPA) unable to assess n/a unable to assess | Probably yes
Wu 2019 (PS) unable to assess Low risk low risk probably yes
Xie 2017 low risk N/A some concerns no
Xie 2019 (Early Educ & unable to assess N/A Some concerns Probably no
Dev)
Xie 2019 (Journal of unable to assess N/A some concerns probably yes
Child & Dev Studies)
Yuan 2022 low risk low risk low risk probably yes
Yue 2019 low risk unable to assess | low risk yes
Yunilda 2022 unable to assess unable to assess | low risk probably no
Zakaria 2012 unable to assess N/A unable to assess | no
Zhang 2018 unable to assess N/A some concerns Probably no
Zhang 2021 unable to assess n/a unable to assess | Probably yes
Zirakashvili 2018 unable to assess Some concerns Some concerns Probably yes
54
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Abstract

Objective: Valid and reliable measurement of early childhood development (ECD) is critical for
monitoring and evaluating ECD-related policies and programmes. Although ECD tools developed
in high-income countries may be applicable to low- and middle-income countries (LMICs),
directly applying them in LMICs can be problematic without psychometric evidence for new
cultures and contexts. Our objective was to systematically appraised available evidence on the
psychometric properties of tools used to measure ECD in LMIC.

Design: A systematic review following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.

Data sources: MEDLINE, Embase, PubMed, PsycInfo, SciELO, and BVS were searched from
inception to February 2025.

Eligibility criteria: We included studies that examined the reliability, validity, and measurement
invariance of tools assessing ECD in children 0-6 years of age living in LMICs.

Data extraction and synthesis: Each study was independently screened by two researchers and
data extracted by one randomly assigned researcher. Risk of bias was assessed using a checklist
developed by the study team assessing bias due to training/administration, selective reporting, and
missing data. Results were synthesized narratively by country, location, age group at assessment,
and developmental domain.

Results: A total of 160 articles covering 117 tools met inclusion criteria. Most reported
psychometric properties were internal consistency reliability (n=117, 64%), concurrent validity
(n=81, 45%), convergent validity (n=74, 41%), test-retest reliability (n=73, 40%), and structural
validity (n=72, 40%). Measurement invariance was least commonly reported (n=16, 9%). Most

articles came from Brazil, China, India, and South Africa. Most psychometric evidence was from
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24 urban (n=92, 51%) or urban-rural (n=41, 23%) contexts. Study samples focused on children aged

25  6-17.9 or 48-59.9 months. The most assessed developmental domains were language (n=111,

oNOYTULT D WN =

26  61%), motor (n=104, 57%) and cognitive (n=82, 45%). Bias due to missing data was most
10 27  common.

28  Conclusions: Psychometric evidence is fragmented, limited, and heterogeneous. More rigorous
15 29  psychometric analyses, especially on measurement invariance, are needed to establish the quality
17 30  and accuracy of ECD tools for use in LMICs.

19 31

22 32
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Strengths and limitations of this study

e This systematic review used extensive search filters, made no restrictions on
developmental domains, and included both single- and multi-domain tools.

e The review team was rigorously trained and brought diverse backgrounds in ECD
measurement in LMICs.

e We could not conduct full text review and extraction for articles in Chinese, Farsi, and
Turkish because these languages were not spoken by the review team.

e We did not use a validated tool to assess risk of bias, which may limit the comparability of

our findings.
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1

2

431 43 INTRODUCTION

Z 44 The Sustainable Development Goals (SDGs) recognise the importance of early childhood
273 45  development (ECD),! which sets the foundation for children’s later learning and economic
?(1) 46  outcomes.>* Rigorous ECD measurement is critical for accurate comparability of children’s skills
:g 47  across populations and time, evaluating the effectiveness of ECD interventions, and tracking ECD-
12 48  related policies.

iZ 49 In low-and-middle-income countries (LMICs), >140 tools (60% of which originated in

19 50  high-income countries (HICs)) have been used to assess ECD in children 0-8 years old.> Although

22 51  ECD tools developed in HICs may be applicable to LMICs, directly applying ECD tools from

o
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24 52 HICs in LMICs can be problematic without psychometric evidence for new cultures and contexts. ‘é 0
25 =
) . : . . orey
26 53  Few studies to-date have synthesised the evidence on the psychometric properties of ECD tools. 23
27 @ cBD
28 . .. . o . - . . . . o
54 Evidence pertaining to a tool’s reliability, validity, and measurement invariance in a given o=
29 g0
30 ]
31 55  context is critical for selecting an ECD outcome or indicator. Other factors include the purpose of %%
32 ag
&1/-\
33 56  measurement, the population and age-range of interest, the developmental domain(s) of interest, g >
2‘; 50
36 57 and administration time and csot.® Evidence of reliability and validity ensures consistent and a-
37 | ~ i
38 58 accurate ECD measurement,’” whereas evidence of measurement invariance guarantees assessment S
39 2
40 59  of the same construct across countries and sub-groups.’® 2
41 5
o
fé 60 Prior reviews have provided guidance for selecting ECD tools for use in LMICs>%-!! and 2
44 . . o . 3]
45 61  underscored that evidence on tool reliability and validity is fundamental.®'® However, prior work =
[¢]
46 =
. . . . . . . . >
47 62  has often focused on individual ECD domains,'>"'4 which has limited use for population level =
48 <
D
:g 63  assessment or tracking of SDG-related policies, or a subset of psychometric properties,!? which is e
51 . C e . - . . .
5o 64  not evidence of reliability and validity as a whole. Further, prior reviews do not disaggregate use
53

54 65 of ECD tools by HICs vs LMICs or urban vs rural settings,'?-!4 despite known and persistent
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disparities in ECD by country income level and urban/rural residence'>!¢ and the fact that young
child populations are increasingly diverse due to migration and urbanization.!3 These are important
distinctions given that psychometric properties can vary by population characteristics.

We reviewed available evidence on 10 psychometric properties of tools used to assess ECD
in children 0-6 years old living in LMICs. We summarised the current landscape by ECD tool,
developmental domain, country, and age group, focusing on 10 types of psychometric evidence.
We sought to deepen our understanding and consistently summarise whether psychometric
evidence exists for tools used to measure ECD in LMICs. Our findings can assist stakeholders in
selection of ECD tools for their intended use and context, and inform what research is needed to

improve how we track ECD-related SDGs, programmes, and policies in LMICs.

METHODS
Search strategy and selection criteria

We identified articles in any language through MEDLINE, Embase, PubMed, Psyclnfo,
SciELO, and BVS. The search strategy used medical subject headings (MeSH), keywords, and
free text words along four key elements: population, construct, measurement properties, and
location (Supplemental Tables 1). Search terms were combined using Boolean operators.
Truncation wildcards were used to include variations of the search terms. The search strategy used
a combination of searches through titles, abstracts, and keywords. The COnsensus-based Standards
for the selection of health status Measurement INstruments (COSMIN) measurement properties
filter was used for the third search element.!” The search strategy was piloted in PubMed and then

adapted for the remaining databases.
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1

2

2 88 Full-text, peer-reviewed articles were included if: (1) the study was conducted in a LMIC,
5 . . . . ..

6 89  (2) included children 0-6 years old, (3) included at least one ECD domain (cognitive, language,
7

8 90 motor, social-emotional, attention/executive  function, personal-social, and pre-
9

1(1) 91 academic/academic) defined in Supplemental Table 2, (4) developed a new tool or adapted an
:g 92  existing one, and provided primary evidence of at least one of 10 psychometric properties in terms
14

15 93  of reliability, validity, or measurement invariance (Table 1), and (5) were published between
16

17 94  January 1, 2007 and March 9, 2023. An updated search was conducted on February 28, 2025 and
19 95  seven additional studies were identified for inclusion: five through the database searches and two
22 96 from a Google Scholar alert. The 10 psychometric properties were selected based on prior
24 97  systematic reviews on psychometrics properties of ECD tools,?!0:12.18.19 classical test theory,?° and
26 98  reviews of measurement in cross-cultural psychology.?!?> We considered all ECD tools regardless
29 99  of their intended or actual use (diagnosis, screening, or surveillance). We included both articles
31 100 that adapted original tools (“adaptation articles” hereafter) and articles that developed new tools

33 101  (“development articles” hereafter). Articles were included if at least 50% of the study sample was
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102 within the range 0-6 years and the average age in the sample was <6 years or unspecified. If
38 103  information on the child age range was not available or clear, the article was included. Multi-
40 104  country articles were included if >50% of the countries were LMICs. If an article reported that
42105  measurement properties were reported elsewhere (e.g., referencing another study and thus
45 106  providing secondary evidence), the article was ineligible. We included prospective, retrospective,

47 107  cross-sectional, and longitudinal quantitative study designs. Cited references were reviewed for
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4% 108  potential inclusion.
5o 109 We excluded articles where a tool was used to assess an outcome measure (e.g., trials

54 110  reporting impacts on ECD outcomes), but the article did not include measurement objectives.??
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Among articles with an explicit measurement focus, we excluded those reporting only on
convergent validity (e.g., correlations with socio-demographic variables) which alone provides
limited psychometric evidence.?> We excluded articles studying children with developmental
disabilities and disorders (e.g., autism spectrum disorder, cerebral palsy), and children with
physical disabilities that impair performance on ECD measures (e.g., deafness, blindness). Lastly,
we excluded the following study designs: animal studies, simulation studies, case studies,
opinions, letters, preprints, protocols, conference abstracts, ecological studies, dissertations/theses,
reviews or systematic reviews, and meta-analyses.

Data Extraction

Search results were imported into Covidence, where duplicates were automatically
removed. Two reviewers independently screened titles and abstracts for inclusion and reviewed
full texts of retained articles. Disagreements in screening or full text review were resolved through
discussion with a third reviewer.

One reviewer developed the data extraction sheet, and two reviewers piloted it. Revisions
were made through discussion between the two reviewers. Seven reviewers were trained on using
the data extraction sheet through pilot extractions of included articles. Further revisions were made
to the data extraction sheet based on discussions of the piloting process. Data extraction included
information on publication details, study meta-data, characteristics of the ECD tool, type of
administration, ECD domains assessed, and psychometric properties with respect to reliability,
validity, and measurement invariance. After piloting, each article was extracted by one reviewer.
For quality assurance, 20% of articles were randomly selected for independent extraction by a
second reviewer. Any discrepancies regarding data extraction were resolved by a third reviewer.

Authors of included articles were not contacted when information was missing or unclear.
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1

2

z 134  Risk of Bias Assessment

5 . . . . . .

6 135 Since we aimed to assess the quality of the underlying studies, rather than the quality of
7

8 136  the psychometric properties, we could not use a validated risk of bias tool and instead developed
9

10 137  anew one. One reviewer created a risk of bias checklist by adapting items from the COSMIN2
138  and Cochrane’s ROBINS-E?* risk of bias tools. The checklist was then refined via discussions with
15 139  two other reviewers and a psychometrician, and after piloting by four reviewers. The final checklist
17 140  contained three categories of bias due to: (1) training/administration (not assessed for tools relying
19 141 on self-assessment), (2) selective reporting (only assessed for studies reporting on convergent or
52 142 predictive validity), and (3) missing data. Each article was rated separately on each category using
24 143  the ROBINS-E risk of bias ratings: low risk, some concerns, high risk, and very high risk. We also
26 144  assessed indirectness of populations 25 by assessing whether the sample was limited to a specific
29 145 setting, the tool covered the entire age range it was intended for, subgroups were generalisable,
31 146  andresults were generalisable. Where insufficient information was provided in the article, we rated

33 147  the study as “unable to assess”. Seven reviewers were trained and conducted the risk of bias
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148  assessment at the article level. Disagreements for articles assessed by two reviewers (20%) were
38 149  resolved through discussion with a third reviewer.

40 150 Data Synthesis

42151 Data analysis was conducted at the article-tool level because some articles reported on
45 152 multiple tools. We created binary indicators for whether evidence on each one of the 10

47 153  psychometric properties was reported. In longitudinal studies, we considered the psychometric
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4% 154 properties reported at any time point. We then summarised the evidence by country, location, age
5o 155 group at assessment, type of article (development vs adaptation), developmental domain, and ECD

54 156  tool. For all tools, child age at assessment was converted to months based on the information
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provided in the article. For longitudinal studies, age at first assessment was used. For multi-
site/multi-country studies, the full age range at assessment was used across the sites/countries.
Because the objective the paper was to take stock of the available evidence rather than to report
the adequacy and relevance of specific psychometric properties, we did not summarize evidence
on the psychometric properties themselves. Results were synthesised narratively.

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.?® It was preregistered on PROSPERO: CRD42022372305.
Patient and Public Involvement

Patients and/or the public were not involved in the design, conduct, reporting or
dissemination plans of this research.

Results
Study characteristics

Our search strategy identified 6,430 records from six databases and two other sources
(Figure 1). After removing duplicates, 5,388 records were excluded during title and abstract
screening. After full text review of the remaining 250 records, 98 records were excluded. After
updating the search in February 2025, we included seven more articles (five identified from the
six databases and two identified from other sources). We included 160 articles, covering 117 tools.
Four articles reported on multiple tools, resulting in 182 article-tool combinations (referred to as
articles for brevity).

Psychometric evidence available

Most articles were adaptation article (n=145, 80%) (Figure 2, Supplemental Table 3).

The most often evaluated psychometric properties were internal consistency reliability (n=117,

64%), concurrent validity (n=81, 45%), convergent validity (n=74, 41%), test-retest reliability

11
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1
2
2 180  (n=73,40%), and structural validity (n=72, 40%). Measurement invariance was the least frequently
5
6 181  reported psychometric property (n=16, 9%) and was primarily evaluated over countries and child
7
8 182  sex. The number of articles increased over time (Supplemental Figure 1). Between 2007-2010,
9

10 183  most included articles were development articles; since 2011, most included articles have been
184  adaptation articles.

15 185  Psychometric evidence available by country

17186 Psychometric evidence came from 55 countries (Figure 3); one-third of articles came from
19 187  Brazil (n=22, 12%), China (n=18, 10%), India (n=14, 8%), and South Africa (n=10, 5%). For 40%
52 188 of countries represented, there was only one article reporting psychometric evidence
24 189  (Supplemental Table 4). Psychometric evidence for each ECD tool included was generally
26 190  limited to 1-2 countries with a few notable exceptions: the Global Scales for Early Development
29 191  (GSED, 32 countries), the Caregiver Reported Early Development Instrument (CREDI, 18
31 192  countries), the International Development and Early Learning Assessment (IDELA, 17 countries),

33 193  the Bayley Scales of Infant and Toddler Development, Third Edition (BSID-III, 12 countries), and
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194  the Ages and Stages Questionnaire-3 (ASQ-3, 11 countries) (Supplemental Table 5).

38 195  Psychometric evidence available by location

40 196 Most psychometric evidence came from urban (n=92, 51%) or urban-rural (n=41, 23%)
42 197 settings. In South Asia and Sub-Saharan Africa, a similar number of articles originated from urban,
45 198  rural, and urban-rural settings (Supplemental Table 6).

47 199  Psychometric evidence available by ECD tool
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2200 For development articles, a single article reported psychometric properties for all tools
5o 201 except for the CREDI covered in two articles (Supplemental Table 7). For adaptation articles,

54 202  ASQ-3 and BSID-III were most often studied (14 and 12 articles, respectively). For 75% of tools

58 12

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

BMJ Open

only a single article provided psychometric evidence (Supplemental Table 8). Other frequently
studied tools included the Mullen Scales of Early Learning (n=5 articles), the Alberta Infant Motor
Scale (n=4 articles), the Bayley Infant Neurodevelopmental Screener (n=4 articles), Denver
Developmental Screening Test (Denver-I1, n=4 articles), and International Development and Early
Learning Assessment (IDELA, n=4 articles) (Supplemental Table 5).
Psychometric evidence available by age group

Although included tools targeted 0-71.9-month-old children, most studies focused on
children 12—17.9 month (n=86, 47%), 6-11.9 months (n=82, 45%), or 54-59.9 months (n=76, 42%)
old. Articles largely did not cover the full age groups defined here, or the full age range the ECD
tool can be used for. Some articles included age groups as narrow as one month (Supplemental
Figures 2-3).
Psychometric evidence available by developmental domain

Most articles reported on language (n=111, 61%), motor (n=104, 57%), and cognitive (n82,
45%) development (Supplemental Table 9). Academic/pre-academic was the least studied
domain (n=10, 5%). Within domains, internal consistency reliability was most frequently reported
(Figure 4).
Risk of bias assessment

Bias due to training/administration was assessed for 59 articles (32%). Of these, 80% had
low risk of bias (n=47) and 20% some concerns (n=12) (Supplemental Tables 10-11). Risk of
bias due to selective reporting was assessed for 95 articles (52%). Of these, most articles (n=86,
91%) had low risk of bias. Risk of bias due to missing data was assessed for 137 articles (75%).
Of these, 48% had some concerns (n=52) and 5% high risk (n=7). For indirectness, 20 articles

(11%) were rated as generalisable and 82 (45%) as probably generalisable.
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1

2

3226

4

5

6 227  DISCUSSION

7

8 228 Based on 160 articles, available evidence on 10 psychometric properties of 117 ECD tools
9

10 229  for children 0-6 years old is fragmented, limited, and heterogeneous. The most frequently provided
230 evidence was on internal consistency reliability, test-retest reliability and/or concurrent,
15 231  convergent, and structural validity. Psychometric evidence on measurement invariance was the
17 232 least commonly available. Although evidence came from 55 LMICs, four countries were most

197 933 represented. Most evidence came from urban or urban-rural settings. The most studied tools were

21

52 234 ASQ-3 and BSID-III.

23

24 235 Our findings support ECD measurement trends found in other work:?” much of the work
25

26 236  on psychometric properties is recent, with ECD tools being developed and adapted concurrently.
29 237  Psychometric efforts remain limited to a few ECD tools,?®? individual ECD domains,'*'* and
31 238  few psychometric properties.!%!2 This fragmentation is evidenced by included articles focusing on

33 239  individual countries, limited age ranges, and single developmental domains. In addition, included
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240  studies focused on individual reliability or validity properties (e.g., internal consistency reliability
38 241  and concurrent reliability, respectively), thus providing a limited picture of reliability and validity
40 242  as a whole. The resulting heterogeneous psychometric evidence can hinder comparability and

42 943 large-scale monitoring of ECD policies and programmes within and across LMICs, which is

45 244  crucial for identifying and implementing effective approaches to support ECD.

46

47 245 Despite efforts to consolidate ECD measurement through tools like CREDI, GSED, and
48
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4% 246 IDELA, such tools do not fully meet research, programmatic, and policy needs as evidenced by
5o 247  the increase of adaptation and development articles since 2015. This is not surprising given that

54 248 no ECD tool is suitable for all populations.'® Our disaggregation by development and adaptation
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articles permitted better understanding of the psychometric evidence available and highlighted
evidence gaps for both existing and newly developed tools.

This review highlights four important limitations of existing psychometric evidence for
ECD tools in LMICs. First, although most tools are designed for a wide age range, the
psychometric evidence behind most tools pertained to narrower age ranges and in some cases as
narrow as one month. This may have limited applicability to diverse age ranges (given that there
is a natural variability in child development in the early years'?) in these specific contexts.
Relatedly, most psychometric evidence pertained to urban contexts. Given existing urban-rural
disparities in ECD'>1¢ and increasingly diverse young child populations in urban settings,'> ECD
tools whose psychometric properties were examined only in urban settings might be inadequate
for rural settings. Those developing or adapting ECD tools should consider establishing
psychometric properties across the full intended child age range and across both urban and rural
settings. Although this implies longer, more expensive, and logistically difficult studies, it would
ensure the tool can be used broadly and in more diverse populations.

A second limitation is the very little evidence on measurement invariance. While several
studies reported on samples drawn from multiple countries, few conducted statistical analysis to
test for equivalence across countries, thus providing no evidence of measurement invariance.?
Cross-country invariance, which guarantees assessment of the same construct across countries, is
key for tracking global SDG goals. More work in this domain is needed particularly for tools
widely used for policy making and programme evaluations. Measurement work should be
considered relative to competing and more urgent ECD priorities in LMICs.

Third, consistent with existing literature, we found limited psychometric evidence on tools

measuring socio-emotional and personal-social development.'>!® This is surprising given that

15
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1
2
2 272  these two domains are among the most culturally specific,'* implying they require more
6 273  comprehensive and rigorous adaptation. In addition, psychometric evidence on tools to assess
7
8 274  attention/executive function and academic/preacademic development was very limited. Without
9

10 275  additional work to establish a psychometric base, this poses major challenges for those seeking to

12 . .. .

13 276 monitor these domains in early life.

14

15 277 Lastly, in contrast to prior reviews which assessed the quality of psychometric properties
16

17 278  using COSMIN guidelines,'!!'? we assessed the risk of bias and quality of the underlying studies
19" 279 themselves. We observed a common lack of reporting and transparency in training of assessors
52 280 and data management. Risk of bias could not be assessed for many included studies or was
24 281  considered high. Better reporting standards and guidelines for psychometric studies can help
26 282  strengthen the field and ensure more critical evaluation of the evidence is possible.

29 283 Nevertheless, some ECD tools had multiple forms of psychometric properties assessed.
31 284 Using IDELA as an example: one article examined three types of reliability and one type of

33 285 validity, drawing on pilots from 12 countries,?” followed by another article examining

* (s3gv) Jnauadns juswaublasug
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286  measurement invariance across countries.’? Subsequent articles have examined additional
38 287  psychometric properties, albeit in individual countries.3!3> Although such examples of
40 288  consecutively examining psychometric properties should be the norm, they are often financially
42 989  and logistically infeasible and the timing does not always align with programmatic and policy
45 290  agendas. Likewise, ample psychometric evidence was available for ECD tools that have been

47 291  implemented for longer duration (e.g., ASQ and BSID), or have had more available funding (e.g.,
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4% 292 GSED). As a result, the quantity of psychometric evidence available should not be the criterion
5o 293 usedto determine the psychometric quality or useability of an ECD tool. When prior psychometric

54 294  evidence is unavailable and psychometric studies not possible, statistical analysis should be

58 16

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

BMJ Open

conducted to verify psychometric properties and at a minimum should include reporting internal
consistency reliability and structural validity (where relevant). This can help build evidence across
multiple settings and populations and confirm the usefulness of ECD tools with diverse
populations. In addition, since our review focused on whether psychometric evidence exists, our
findings on the availability of psychometric evidence do not inform our understanding of the
underlying quality, strength, or rigor of the psychometric evidence. An important next step in this
line of work is to fully unpack the utility of existing psychometric evidence. The results of
psychometric analyses along with other characteristics of an ECD tool (e.g., domain assessed, age
range, and administration time and cost among others) should be used to determine the most
relevant ECD tool for the given context.

Several strengths of our review should be noted. We used extensive search filters, made no
restrictions on domains, included both single- and multi-domain tools, and had a rigorously trained
team with diverse backgrounds in ECD measurement in LMICs. Nevertheless, we acknowledge
some limitations. We excluded studies published prior to 2007, the search start year when the
inaugural Lancet Series on Child Development in Developing Countries was published which
fundamentally changed the breadth and scale of ECD research in LMICs. Therefore, the search
period captured the most important years for the evolution of psychometric research on ECD tools
in LMICs. Further, we did not use a validated risk of bias tool, which may limit the comparability
of our findings. Lastly, although we applied no language restrictions, we were limited to the
languages spoken by the review team. We were unable to conduct full text review and extraction
for articles in Chinese, Farsi, and Turkish. Consequently, results from China, Iran, and Turkey

may be underrepresented.

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 111

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig sousby 1e Gzoz ‘€T aune uo /wod (wg uadolway/:dny wols pspeojumod "sz0z AN TT UO G9£960-7202-uadolwa/9eTT 0T se paysiignd 1s11y :uado rING


http://bmjopen.bmj.com/

Page 19 of 111 BMJ Open

1

2

431 318 CONCLUSION

5 . . . . ..

6 319 Psychometric evidence on ECD tools used in LMICs is fragmented, limited, and
7

8 320  heterogeneous. More research is warranted to establish the applicability of existing tools in diverse
9

10 321  populations, including urban and rural settings, and on establishing measurement invariance over
322 countries. Nevertheless, the results by country and ECD tool presented here can serve stakeholders
15 323 by providing a database of available psychometric evidence for ECD tools in LMICs. To improve
17 324  monitoring, evaluation, and accountability for ECD globally, psychometric evidence should be a
19 325 key consideration when selecting ECD tools together with other important consideration including
52 326  the purpose of measurement, available resources for training and administration, and the
24 327 population and developmental domain of interest. As psychometric properties can vary by
26 328  geography, population, and age, among other characteristics, greater psychometric validation can
20 329  help facilitate ECD tool selection across diverse contexts in LMICs. Improved reporting for
31 330 psychometric studies can help ensure transparency, replication, and adequate ability to assess the

33 331 quality of evidence.
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Table 1 Definitions of the psychometric properties used in the selection criteria for included articles
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Domain

Measurement
property

Example test statistic

Definition

aJ Buipnhjoul ‘1ybliAdoo Aq pa1o
T U0 G9E960-720Z-uadolwag/9seT

Reliability

The consistency of a test or measgrerfzent, i.e., how
consistently a measure produces éﬁrﬁ" r results with repeated
measures over a short period of tugqg Q;r across assessors at the
same time point. This can also be%lﬁ)ught of as the
correlation between observed scofeg §ross replications.

Test-retest
reliability

correlation coefficient

Correlation between scores from ﬁlg, same test from
assessments conducted over a short&mle interval.

Inter-rater
reliability

kappa, Bland-Altman test

The extent to which independent Bsgdlsors produce similar
ratings in judging the same abilitig'si(fs?" characteristics in the
same target person at the same tirgegi

Internal consistency
reliability

Cronbach’s alpha, alpha

Degree of interrelatedness amongaﬂ;ﬁs on the same tool, i.e.,
how well the items work togetheﬂo 1§0V1de information on
an underlying construct. =

Validity

The degree to which the tool measzur@ what it is supposed to
measure, i.e., the degree to whlchihegool reflects the
underlying construct.

Content/face validity

The degree to which the content c& thg tool is adequate for the
construct being measured, i.e. asgessglg the extent to which a
tool appears to reflect the underlymng ‘gonstruct

Concurrent/criterion
validity

correlation coefficient;
regression estimate

The degree to which scores on on8 mpasurement tool are
related to scores obtained at abougthé"same point in time
from another tool considered the golcﬁstandard

Convergent validity

correlation coefficient;
regression estimate

Evidence that scores on a test or icafurement are associated
with theoretically related measures ogvariables.
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g o
1 g 3
2 g 8
i Domain Measurement Example test statistic Definition ; g
5 property = 2
6 Predictive correlation coefficient; Evidence that a score correlates v@th @ variable that can only
7 regression estimate be assessed at some point after th‘atest has been administered
8 or the measurement made, e.g., e@de‘nce that scores now are
?o correlated with scores at a future ‘n’irﬁ@pomt
1 Structural validity | Exploratory factor analysis: The degree to which the scores offag @ssessment are an
12 (dimensionality) number of factors, eigen values | adequate reflection of the dlmensg)gaglty of the construct to
13 be measured. 532
14 Confirmatory factor analysis: cw3
15 model fit statistics such as 5% 8
1? Comparative Fit Index (CF), oy gg
18 Root mean square error of 853
19 approximation (RMSEA) 30>
20 Invariance The property when a scale or coné’,t#ﬁét provides the same
21 results across different samples, p:gplgatlons settings, or
22 characteristics. o
;i Measurement Likelihood ratio chi squared The degree to which an assessmeﬁt oig construct provides the
25 invariance over statistic and p-value from same results across separate samlﬂes n different countries.
26 countries freeing parameters across 2 3
27 groups e 3
28 3 S
29 T
30 — — . T3 -
31 Measurement Likelihood ratio chi squared The degree to which an assessmegt o&construct provides the
32 invariance over statistic and p-value from same results across different grougs. 1,
33 other groups freeing parameters across Q. §
34 groups & 2
gg Note: All definitions based on the APA Dictionary of Psychology.’ «E
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38 g
39 =
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Figure Captions

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow
diagram of search results and included articles

Figure 2 Number of included article-tools and type of psychometric evidence provided

Figure 3 Countries where studies providing evidence on at least one psychometric property were
conducted

Figure 4 Number of articles providing psychometric evidence by article type and early childhood
development domain
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6,406 records identified from
search of 6 databases

PubMed (N = 1,770)
PsycInfo (N = 2,696)
Embase (N = 582)
Medline (N = 885)
SciELO (N =199)
BVS (N =274)

24 additional records identified
from other sources

Citation searching (N = 20)
Google Scholar alerts (N = 4)

v

6,430 total records identified

A

842 duplicate records removed

5,588 records screened

v

5,338 records excluded

250 full-text articles assessed
for eligibility

A 4

97 articles excluded
29 ineligible study objective
5 ineligible study design
27 ineligible population
8 ineligible outcome

5 ineligible child development domain

9 ineligible location
12 English text not available

2 did not contribute evidence on

reliability or validity

153 articles included in the
systematic review

A 4

7 articles included via updated search

5 Database search
2 Google Scholar alerts

160 articles included in the
systematic review
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Supplemental Table 1 Search strategy as executed in each database

PubMed

(“Child”[MeSH] OR “Child, Preschool”’[MeSH] OR “child*”’[tiab] OR “Infant”’[MeSH] OR
“infant*”’[tiab] OR “paediatric”[tiab] OR “pediatric”’[tiab] OR “toddler*”’[tiab])

AND

("Child Development"[MeSH] OR “child development*”[tiab] OR “early child
development”[tiab] OR “early childhood development”[tiab] OR “ECD”[tiab] OR "Child
Behavior"'[MeSH] OR  “child behavior”[tiab] OR “child behaviour’[tiab] OR
"Cognition"[MeSH] OR "Executive Function"[MeSH] OR “executive function®*’[tiab] OR
"Emotional Intelligence"[MeSH] OR “attachment”[tiab] OR ‘“attention”[tiab] OR
“cognition”[tiab] OR “cognitive development”[tiab] OR “cognitive skills”[tiab] OR
“neurocognitive”[tiab] OR “communication”[tiab] OR “language”[tiab] OR “language
skills’[tiab] OR “language development”[tiab] OR “receptive language”’[tiab] OR “expressive
language”[tiab] OR “speech development”[tiab] OR “communication skills”’[tiab] OR "Motor
Skills"[MeSH] OR “motor skills”[tiab] OR “fine motor”[tiab] OR “gross motor”[tiab] OR
“motor”[tiab] OR “prosocial”’[tiab] OR “socialisation”[tiab] OR “socialization”[tiab] OR
“socioemotion*”’[tiab] OR “socio-emotion*”[tiab] OR “neurodevelopment”[tiab] OR
“neurobehavior”[tiab] OR  “neurobehaviour’[tiab] OR “neurobehavioral”’[tiab] OR
“neurobehavioural”[tiab] OR “Intelligence”[MeSH] OR “intelligence”[tiab] OR “IQ”’[tiab] OR
“psychomotor”[tiab] OR “sensorimotor”[tiab] OR “attention™[tiab] OR “inhibition”[tiab] OR
“impulse control”[tiab] OR “working memory”’[tiab] OR “problem solving”[tiab] OR “self-
regulation”[tiab] OR  “prosocial”’[tiab] OR “psychosocial development”[tiab] OR
“internali*”’[tiab] OR “externali*”[tiab] OR “empathy”[tiab] OR “neuropsychology*”’[tiab] OR
“school readiness™[tiab] or “numeracy’’[tiab] or “literacy”’[tiab] OR “pre-academic”’[tiab] OR
“early learning”[tiab] or “personal-social”[tiab] OR “personal social’[tiab])

AND

((“developing countr*”[tiab] OR “under developed countr*”[tiab] OR Imic*[tiab] OR “less
developed”[tiab] OR “low income”[tiab] OR “lower income”[tiab] OR “low- and middle-
income”[tiab] OR “low middle income”[tiab] OR “resource poor”[tiab] OR “resource
constrained”’[tiab] OR “low resource”[tiab] OR “limited resource*”[tiab] OR “resource
limited”[tiab]) AND (Afghan*[tiab] OR Africa[tiab] OR African[tiab] OR Algeria*[tiab] OR
“American Samoa*”’[tiab] OR Angola*[tiab] OR Argentin*[tiab] OR Bangladesh*[tiab] OR
Barbad*[tiab] OR Belorussian[tiab] OR Beliz*[tiab] OR Benin*[tiab] OR Bhutan*[tiab] OR
Bolivia*[tiab] OR Botswan*[tiab] OR Brazil*[tiab] OR "Burkina Faso"[tiab] OR
Burkinabe[tiab] OR Burund*[tiab] OR Cambodia*[tiab] OR Cameroon*[tiab] OR "Cape
Verde"[tiab] OR "Cape Verdean"[tiab] OR "Central African Republic"[tiab] OR Chad*[tiab]
OR Chile*[tiab] OR China[tiab] OR Chinese[tiab] OR Colombia*[tiab] OR Comoros[tiab] OR

Comorian[tiab] OR Congo[tiab] OR Congolese[tiab] OR Costa Rica*[tiab] OR "Cote

2
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us]
1 =
2 2
2 d’Ivoire"[tiab] OR “Ivory Coast”[tiab] OR Ivorian[tiab] OR Croatia*[tiab] OR Croat[tiab] OR %
5 Cuba*[tiab] OR Djibouti*[tiab] OR Dominica*[tiab] OR "Dominican Republic"[tiab] OR 3
6 Ecuador*[tiab] OR Egypt*[tiab] OR "EI Salvador"[tiab] OR Salvadorian[tiab] OR "Equatorial 2
7 Guinea"[tiab] OR Guinean[tiab] OR Eritrea*[tiab] OR Ethiopia*[tiab] OR Fiji*[tiab] OR %
8 Gabon*[tiab] OR Gambia*[tiab] OR Gaza[tiab] OR Gazan[tiab] OR Ghana[tiab] OR 8
?O Ghanaian[tiab] OR Grenad*[tiab] OR Guatemala*[tiab] OR Guinea[tiab] OR Guyan*[tiab] OR 5 B
11 Haiti*[tiab] OR Hondura*[tiab] OR Hungar*[tiab] OR India[tiab] OR Indian[tiab] OR S ©
12 Indonesia*[tiab] OR Iran*[tiab] OR Iraq*[tiab] OR Jamaica*[tiab] OR Jordan*[tiab] OR % §
1 i Kenya[tiab] OR Kenyan[tiab] OR Kiribati[tiab] OR Korea*[tiab] OR Kyrgy*[tiab] OR o g
15 Laos[tiab] OR Laotian*[tiab] OR Lebanon[tiab] OR Lebanese[tiab] OR Lesotho[tiab] OR E )
16 Liberia*[tiab] OR Libya*[tiab] OR Macedonia*[tiab] OR Madagasca*[tiab] OR Malawi*[tiab] 2 8
17 OR Malaysia*[tiab] OR Maldives[tiab] OR Maldivian[tiab] OR Mali[tiab] OR Malian*[tiab] <§ §
18 OR "Marshall Islands"[tiab] OR Mauritania*[tiab] OR Mauritius[tiab] OR Mauritian[tiab] OR ; S
;g Mayotte[tiab] OR Mexic*[tiab] OR Micronesia*[tiab] OR Moldov*[tiab] OR Mongolia*[tiab] e §
21 OR Morocc*[tiab] OR Mozambique[tiab] OR Mozambican[tiab] OR Myanmar[tiab] OR = gﬂ
22 Namibia*[tiab] OR Nepal*[tiab] OR Nevis[tiab] OR Nicaragua*[tiab] OR Niger*[tiab] OR (g« >
23 "Northern Mariana Islands"[tiab] OR Oman*[tiab] OR Pakistan*[tiab] OR Palau*[tiab] OR émg
;g Panama*[tiab] OR "Papua New Guinea"[tiab] OR Paraguay*[tiab] OR Peru*[tiab] OR 8%%
26 Philippine*[tiab] OR Filipino*[tiab] OR Poland[tiab] OR Polish[tiab] OR Rwanda*[tiab] OR g«gg
27 Samoa*[tiab] OR Sao Tome*[tiab] OR Principe[tiab] OR Senegal*[tiab] OR Seychell*[tiab] 885
28 OR Sierra Leon*[tiab] OR Solomon Island*[tiab] OR Somali*[tiab] OR South Africa*[tiab] OR S 52
gg Sri Lanka*[tiab] OR "Saint Kitts"[tiab] OR "St Kitts"[tiab] OR "Saint Lucia"[tiab] OR "St 2%’?)
31 Lucia"[tiab] OR "Saint Vincent" [tiab] OR "St Vincent"[tiab] OR Sudan*[tiab] OR %%E
32 Suriname*[tiab] OR Swaziland Or Swazi[tiab] OR Syria*[tiab] OR Tajik*[tiab] OR oS3
33 Tanzania*[tiab] OR Thailand[tiab] OR Thai[tiab] OR "Timor Leste"[tiab] OR Togo*[tiab] OR Egi
g ;’ Tonga*[tiab] OR Trinidad[tiab] OR Trinidadian[tiab] OR Tobago[tiab] OR Tobagonian|[tiab] g: @g
36 OR Tunisia*[tiab] OR Turky[tiab] OR Turkish[tiab] OR Uganda*[tiab] OR Uruguay*[tiab] OR a- 5
37 Vanuat*[tiab] OR Venezuela*[tiab] OR Vietnam*[tiab] OR "West Bank"[tiab] OR § %
;g Yemen*[tiab] OR Zambia*[tiab] OR Zimbabwe*)) 5 3
40 g _g
41 AND 28
42 > 3
43 (instrumentation[sh] OR methods[sh] OR “Validation Studies”[pt] OR “Comparative g S
jg' Study”’[pt] OR “psychometrics’[MeSH] OR psychometr*[tiab] OR clinimetr*[tw] OR 2 §
46 clinometr*[tw] OR “outcome assessment (health care)”’[MeSH] OR “outcome assessment”[tiab] § %
47 OR “outcome measure*”’[tw] OR “observer variation”’[MeSH] OR “observer variation”[tiab] 3 o
48 OR “Health Status Indicators”’[Mesh] OR “reproducibility of results’[MeSH] OR & §
gg reproducib*[tiab] OR “discriminant analysis’[MeSH] OR reliab*[tiab] OR unreliab*[tiab] OR 2 ’i
51 valid*[tiab] OR “coefficient of variation”[tiab] OR coefficient[tiab] OR homogeneity[tiab] OR ‘(‘é
52 homogeneous[tiab] OR “internal consistency’’[tiab] OR (cronbach*[tiab] AND (alpha[tiab] OR 2
53 alphas[tiab])) OR (item[tiab] AND (correlation*[tiab] OR selection*[tiab] OR =
>4 reduction*[tiab])) OR agreement[tw] OR precision[tw] OR imprecision[tw] OR “precise E
gg values”[tw] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR (reliab*[tiab] AND %
57 g
58 3 @
59 o
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(test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] OR inter-rater[tiab] OR
intrarater[tiab] OR intra-rater[tiab] OR intertester[tiab] OR inter-tester[tiab] OR intratester[tiab]
OR intra-tester[tiab] OR interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR
intra-observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR intratechnician[tiab]
OR intra-technician[tiab] OR interexaminer[tiab] ~OR inter-examiner[tiab] OR
intraexaminer[tiab] OR intra-examiner[tiab] OR interassay[tiab] OR inter-assay[tiab] OR
intraassay[tiab] OR intra-assay[tiab] OR interindividual[tiab] OR inter-individual[tiab] OR
intraindividual[tiab] OR intra-individual[tiab] OR interparticipant[tiab] OR inter-
participant[tiab] OR intraparticipant[tiab] OR intra-participant[tiab] OR kappa[tiab] OR
kappa’s[tiab] OR kappas[tiab] OR repeatab*[tw] OR ((replicab*[tw] OR repeated[tw]) AND
(measure[tw] OR measures[tw] OR findings[tw] OR result[tw] OR results[tw] OR test[tw] OR
tests[tw])) OR generaliza*[tiab] OR generalisa*[tiab] OR concordance[tiab] OR
(intraclass[tiab] AND correlation*[tiab]) OR discriminative[tiab] OR “known group”’[tiab] OR
“factor analysis”[tiab] OR “factor analyses”[tiab] OR “factor structure”[tiab] OR “factor
structures”[tiab] OR dimension*[tiab] OR subscale*[tiab] OR (multitrait[tiab] AND
scaling[tiab] AND (analysis[tiab] OR analyses[tiab])) OR “item discriminant”’[tiab] OR
“interscale correlation®*”’[tiab] OR error[tiab] OR errors[tiab] OR “individual variability”[tiab]
OR “interval wvariability”’[tiab] OR “rate wvariability”’[tiab] OR (variability[tiab] AND
(analysis[tiab] OR values[tiab])) OR (uncertainty[tiab] AND (measurement[tiab] OR
measuring[tiab])) OR “standard error of measurement”[tiab] OR sensitiv¥[tiab] OR
responsive*[tiab] OR (limit[tiab] AND detection[tiab]) OR “minimal detectable
concentration”[tiab] OR interpretab*[tiab] OR ((minimal[tiab] OR minimally[tiab] OR
clinical[tiab] OR clinically[tiab]) AND (important[tiab] OR significant[tiab] OR
detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR (small*[tiab] AND (real[tiab]
OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR “meaningful change”[tiab]
OR “ceiling effect”[tiab] OR “floor effect”[tiab] OR “Item response model”’[tiab] OR IRT[tiab]
OR Rasch[tiab] OR “Differential item functioning”[tiab] OR DIF[tiab] OR “computer adaptive
testing”[tiab] OR “item bank™[tiab] OR “cross-cultural equivalence”’[tiab] OR “measurement
invariance”[tiab] OR “invariance”[tiab] OR assessment[tiab] OR adapt*[tiab])

NOT

(“editorial ’[Publication ~ Type] = OR  “comment”[Publication =~ Type] OR  “case
reports”[Publication Type] OR “congress”’[Publication Type] OR “consensus development
conference”’[Publication Type] OR “interview”[Publication Type] OR “lecture”’[Publication
Type] OR “legal case”[Publication Type] OR “legislation”[Publication Type] OR
“letter”’[Publication Type] OR “news”[Publication Type] OR “newspaper article”’[Publication
Type] OR “Observational Study, Veterinary”[Publication Type] OR “Patient Education
Handout”[Publication =~ Type] @ OR  “practice  guideline”’[Publication = Type] OR
“preprint”[Publication Type])
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us]
1 =
2 S
3 MEDLINE 3
5 (Child OR Child, Preschool OR child OR Infant OR infant OR paediatric OR pediatric OR 3
6 toddler) T
/
g AND 2
10 o g
11 (Child Development OR child development OR early child development OR early childhood S ©
12 development OR ECD OR Child Behavior OR child behavior OR child behaviour OR Cognition % §
1 i OR Executive Function OR executive function OR Emotional Intelligence OR attachment OR o g
15 attention OR cognition OR cognitive development OR cognitive skills OR neurocognitive OR E =}
16 communication OR language OR language skills OR language development OR receptive g 3
17 language OR expressive language OR speech development OR communication skills OR Motor é §
:g Skills OR motor skills OR fine motor OR gross motor OR prosocial OR socialisation OR gt g
20 socialization OR socioemotion OR socio-emotion OR neurodevelopment OR neurobehavior OR 2 9
21 neurobehaviour OR neurobehavioral OR neurobehavioural OR Intelligence OR intelligence OR = gﬂ
22 IQ OR psychomotor OR sensorimotor OR attention OR inhibition OR impulse control OR (?; >
23 working memory OR problem solving OR self-regulation OR prosocial OR psychosocial émg
;;' development OR internali OR externali OR empathy) 3 %%
2 =k
27 AND 235
2 538
gg ((developing countr OR under developed countr OR Imic OR less developed OR low income §§§j
31 OR lower income OR low- and middle-income OR low middle income OR resource poor OR %%E
32 resource constrained OR low resource OR limited resource OR resource limited) AND (Afghan oSz
33 OR Africa OR African OR Algeria OR American Samoa OR Angola OR Argentin OR Egi
g;’ Bangladesh OR Barbad OR Belorussian OR Beliz OR Benin OR Bhutan OR Bolivia OR g; ]
36 Botswan OR Brazil OR Burkina Faso OR Burkinabe OR Burund OR Cambodia OR Cameroon @ 5
37 OR Cape Verde OR Cape Verdean OR Central African Republic OR Chad OR Chile OR China § %
38 OR Chinese OR Colombia OR Comoros OR Comorian OR Congo OR Congolese OR Costa g E
2 g Rica OR Cote d Ivoire OR Ivory Coast OR Ivorian OR Croatia OR Croat OR Cuba OR Djibouti 3 g
41 OR Dominica OR Dominican Republic OR Ecuador OR Egypt OR El Salvador OR Salvadorian ® E
42 OR Equatorial Guinea OR Guinean OR Eritrea OR Ethiopia OR Fiji OR Gabon OR Gambia > 3
43 OR Gaza OR Gazan OR Ghana OR Ghanaian OR Grenad OR Guatemala OR Guinea OR Guyan 3 S
j;’ OR Haiti OR Hondura OR Hungar OR India OR Indian OR Indonesia OR Iran OR Iraq OR 2 §
46 Jamaica OR Jordan OR Kenya OR Kenyan OR Kiribati OR Korea OR Kyrgy OR Laos OR § %
47 Laotian OR Lebanon OR Lebanese OR Lesotho OR Liberia OR Libya OR Macedonia OR 3 o
48 Madagasca OR Malawi OR Malaysia OR Maldives OR Maldivian OR Mali OR Malian OR % §
:g Marshall Islands OR Mauritania OR Mauritius OR Mauritian OR Mayotte OR Mexic OR e ’i
51 Micronesia OR Moldov OR Mongolia OR Morocc OR Mozambique OR Mozambican OR ‘(‘é
52 Myanmar OR Namibia OR Nepal OR Nevis OR Nicaragua OR Niger OR Northern Mariana 3
53 Islands OR Oman OR Pakistan OR Palau OR Panama OR Papua New Guinea OR Paraguay OR =
34 Peru OR Philippine OR Filipino OR Poland OR Polish OR Rwanda OR Samoa OR Sao Tome E
gg OR Principe OR Senegal OR Seychell OR Sierra Leon OR Solomon Island OR Somali OR 8
57 _:.;T
58 5 ®
59 o
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South Africa OR Sri Lanka OR Saint Kitts OR St Kitts OR Saint Lucia OR St Lucia OR Saint
Vincent OR St Vincent OR Sudan OR Suriname OR Swaziland Or Swazi OR Syria OR Tajik
OR Tanzania OR Thailand OR Thai OR Timor Leste OR Togo OR Tonga OR Trinidad OR
Trinidadian OR Tobago OR Tobagonian OR Tunisia OR Turky OR Turkish OR Uganda OR
Uruguay OR Vanuat OR Venezuela OR Vietnam OR West Bank OR Yemen OR Zambia OR
Zimbabwe))

AND

(instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics
OR psychometr OR clinimetr OR clinometr OR outcome assessment OR outcome measure OR
observer variation OR observer variation OR Health Status Indicators OR reproducibility of
results OR reproducib OR discriminant analysis OR reliab OR unreliab OR valid OR coefficient
of variation OR coefficient OR homogeneity OR homogeneous OR internal consistency OR
(cronbach AND (alpha OR alphas)) OR (item AND (correlation OR selection OR reduction))
OR agreement OR precision OR imprecision OR precise values OR test-retest OR (test AND
retest) OR (reliab AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater
OR intra-rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver
OR inter-observer OR intraobserver OR intra-observer OR intertechnician OR inter-technician
OR intratechnician OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer
OR intra-examiner OR interassay OR inter-assay OR intraassay OR intra-assay OR
interindividual OR inter-individual OR intraindividual OR intra-individual OR interparticipant
OR inter-participant OR intraparticipant OR intra-participant OR kappa OR kappas OR repeatab
OR ((replicab OR repeated) AND (measure OR measures OR findings OR result OR results OR
test OR tests)) OR generaliza OR generalisa OR concordance OR (intraclass AND correlation)
OR discriminative OR known group OR factor analysis OR factor analyses OR factor structure
OR factor structures OR dimension OR subscale OR (multitrait AND scaling AND (analysis
OR analyses)) OR item discriminant OR interscale correlation OR error OR errors OR
individual variability OR interval variability OR rate variability OR (variability AND (analysis
OR values)) OR (uncertainty AND (measurement OR measuring)) OR standard error of
measurement OR sensitiv OR responsive OR (limit AND detection) OR minimal detectable
concentration OR interpretab OR ((minimal OR minimally OR clinical OR clinically) AND
(important OR significant OR detectable) AND (change OR difference)) OR (small AND (real
OR detectable) AND (change OR difference)) OR meaningful change OR ceiling effect OR
floor effect OR Item response model OR IRT OR Rasch OR Differential item functioning OR
DIF OR computer adaptive testing OR item bank OR cross-cultural equivalence)
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us]
1 =
2 S
i Embase %
5 (Child OR Child, Preschool OR child OR Infant OR infant OR paediatric OR pediatric OR 3
6 toddler) T
/
g AND 2
10 o g
11 (Child Development OR child development OR early child development OR early childhood S ©
12 development OR ECD OR Child Behavior OR child behavior OR child behaviour OR Cognition % §
1 i OR Executive Function OR executive function OR Emotional Intelligence OR attachment OR o g
15 attention OR cognition OR cognitive development OR cognitive skills OR neurocognitive OR E =}
16 communication OR language OR language skills OR language development OR receptive g 3
17 language OR expressive language OR speech development OR communication skills OR Motor é §
:g Skills OR motor skills OR fine motor OR gross motor OR prosocial OR socialisation OR gt g
20 socialization OR socioemotion OR socio-emotion OR neurodevelopment OR neurobehavior OR 2 9
21 neurobehaviour OR neurobehavioral OR neurobehavioural OR Intelligence OR intelligence OR = gﬂ
22 IQ OR psychomotor OR sensorimotor OR attention OR inhibition OR impulse control OR (?; >
23 working memory OR problem solving OR self-regulation OR prosocial OR psychosocial émg
;;' development OR internali OR externali OR empathy) 3 %%
2 =k
27 AND 235
2 538
gg ((developing countr OR under developed countr OR Imic OR less developed OR low income §§§j
31 OR lower income OR low- and middle-income OR low middle income OR resource poor OR %%E
32 resource constrained OR low resource OR limited resource OR resource limited) AND (Afghan oSz
33 OR Africa OR African OR Algeria OR American Samoa OR Angola OR Argentin OR Egi
g;’ Bangladesh OR Barbad OR Belorussian OR Beliz OR Benin OR Bhutan OR Bolivia OR g; ]
36 Botswan OR Brazil OR Burkina Faso OR Burkinabe OR Burund OR Cambodia OR Cameroon @ 5
37 OR Cape Verde OR Cape Verdean OR Central African Republic OR Chad OR Chile OR China § %
38 OR Chinese OR Colombia OR Comoros OR Comorian OR Congo OR Congolese OR Costa g E
2 g Rica OR Cote d Ivoire OR Ivory Coast OR Ivorian OR Croatia OR Croat OR Cuba OR Djibouti 3 g
41 OR Dominica OR Dominican Republic OR Ecuador OR Egypt OR El Salvador OR Salvadorian ® E
42 OR Equatorial Guinea OR Guinean OR Eritrea OR Ethiopia OR Fiji OR Gabon OR Gambia > 3
43 OR Gaza OR Gazan OR Ghana OR Ghanaian OR Grenad OR Guatemala OR Guinea OR Guyan 3 S
j;’ OR Haiti OR Hondura OR Hungar OR India OR Indian OR Indonesia OR Iran OR Iraq OR 2 §
46 Jamaica OR Jordan OR Kenya OR Kenyan OR Kiribati OR Korea OR Kyrgy OR Laos OR § %
47 Laotian OR Lebanon OR Lebanese OR Lesotho OR Liberia OR Libya OR Macedonia OR 3 o
48 Madagasca OR Malawi OR Malaysia OR Maldives OR Maldivian OR Mali OR Malian OR % §
:g Marshall Islands OR Mauritania OR Mauritius OR Mauritian OR Mayotte OR Mexic OR e ’i
51 Micronesia OR Moldov OR Mongolia OR Morocc OR Mozambique OR Mozambican OR ‘(‘é
52 Myanmar OR Namibia OR Nepal OR Nevis OR Nicaragua OR Niger OR Northern Mariana 3
53 Islands OR Oman OR Pakistan OR Palau OR Panama OR Papua New Guinea OR Paraguay OR =
34 Peru OR Philippine OR Filipino OR Poland OR Polish OR Rwanda OR Samoa OR Sao Tome E
gg OR Principe OR Senegal OR Seychell OR Sierra Leon OR Solomon Island OR Somali OR 8
57 _:.;T
58 7 ®
59 o
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South Africa OR Sri Lanka OR Saint Kitts OR St Kitts OR Saint Lucia OR St Lucia OR Saint
Vincent OR St Vincent OR Sudan OR Suriname OR Swaziland Or Swazi OR Syria OR Tajik
OR Tanzania OR Thailand OR Thai OR Timor Leste OR Togo OR Tonga OR Trinidad OR
Trinidadian OR Tobago OR Tobagonian OR Tunisia OR Turky OR Turkish OR Uganda OR
Uruguay OR Vanuat OR Venezuela OR Vietnam OR West Bank OR Yemen OR Zambia OR
Zimbabwe))

AND

(instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics
OR psychometr OR clinimetr OR clinometr OR outcome assessment OR outcome measure OR
observer variation OR observer variation OR Health Status Indicators OR reproducibility of
results OR reproducib OR discriminant analysis OR reliab OR unreliab OR valid OR coefficient
of variation OR coefficient OR homogeneity OR homogeneous OR internal consistency OR
(cronbach AND (alpha OR alphas)) OR (item AND (correlation OR selection OR reduction))
OR agreement OR precision OR imprecision OR precise values OR test-retest OR (test AND
retest) OR (reliab AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater
OR intra-rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver
OR inter-observer OR intraobserver OR intra-observer OR intertechnician OR inter-technician
OR intratechnician OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer
OR intra-examiner OR interassay OR inter-assay OR intraassay OR intra-assay OR
interindividual OR inter-individual OR intraindividual OR intra-individual OR interparticipant
OR inter-participant OR intraparticipant OR intra-participant OR kappa OR kappas OR repeatab
OR ((replicab OR repeated) AND (measure OR measures OR findings OR result OR results OR
test OR tests)) OR generaliza OR generalisa OR concordance OR (intraclass AND correlation)
OR discriminative OR known group OR factor analysis OR factor analyses OR factor structure
OR factor structures OR dimension OR subscale OR (multitrait AND scaling AND (analysis
OR analyses)) OR item discriminant OR interscale correlation OR error OR errors OR
individual variability OR interval variability OR rate variability OR (variability AND (analysis
OR values)) OR (uncertainty AND (measurement OR measuring)) OR standard error of
measurement OR sensitiv OR responsive OR (limit AND detection) OR minimal detectable
concentration OR interpretab OR ((minimal OR minimally OR clinical OR clinically) AND
(important OR significant OR detectable) AND (change OR difference)) OR (small AND (real
OR detectable) AND (change OR difference)) OR meaningful change OR ceiling effect OR
floor effect OR Item response model OR IRT OR Rasch OR Differential item functioning OR
DIF OR computer adaptive testing OR item bank OR cross-cultural equivalence)
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1 =
2 S
2 PsyclInfo %
5 (Child OR Child, Preschool OR child OR Infant OR infant OR paediatric OR pediatric OR 3
6 toddler) e
/
¢ AND 3
10 o g
11 (Child Development OR child development OR early child development OR early childhood S ©
12 development OR ECD OR Child Behavior OR child behavior OR child behaviour OR Cognition % §
1 i OR Executive Function OR executive function OR Emotional Intelligence OR attachment OR o g
15 attention OR cognition OR cognitive development OR cognitive skills OR neurocognitive OR E =}
16 communication OR language OR language skills OR language development OR receptive g 3
17 language OR expressive language OR speech development OR communication skills OR Motor é §
:g Skills OR motor skills OR fine motor OR gross motor OR prosocial OR socialisation OR gt g
20 socialization OR socioemotion OR socio-emotion OR neurodevelopment OR neurobehavior OR 2 9
21 neurobehaviour OR neurobehavioral OR neurobehavioural OR Intelligence OR intelligence OR = gﬂ
22 IQ OR psychomotor OR sensorimotor OR attention OR inhibition OR impulse control OR (?; >
23 working memory OR problem solving OR self-regulation OR prosocial OR psychosocial émg
;;' development OR internali OR externali OR empathy) 3 %%
2 =k
27 AND 885
2 538
gg ((developing countr OR under developed countr OR Imic OR less developed OR low income §§§j
31 OR lower income OR low- and middle-income OR low middle income OR resource poor OR %%E
32 resource constrained OR low resource OR limited resource OR resource limited) AND (Afghan oSz
33 OR Africa OR African OR Algeria OR American Samoa OR Angola OR Argentin OR ggi
g;’ Bangladesh OR Barbad OR Belorussian OR Beliz OR Benin OR Bhutan OR Bolivia OR S08
36 Botswan OR Brazil OR Burkina Faso OR Burkinabe OR Burund OR Cambodia OR Cameroon @ 3
37 OR Cape Verde OR Cape Verdean OR Central African Republic OR Chad OR Chile OR China § %
38 OR Chinese OR Colombia OR Comoros OR Comorian OR Congo OR Congolese OR Costa g E
2 g Rica OR Cote d Ivoire OR Ivory Coast OR Ivorian OR Croatia OR Croat OR Cuba OR Djibouti 3 g
41 OR Dominica OR Dominican Republic OR Ecuador OR Egypt OR El Salvador OR Salvadorian ® E
42 OR Equatorial Guinea OR Guinean OR Eritrea OR Ethiopia OR Fiji OR Gabon OR Gambia > 3
43 OR Gaza OR Gazan OR Ghana OR Ghanaian OR Grenad OR Guatemala OR Guinea OR Guyan 3 S
j;’ OR Haiti OR Hondura OR Hungar OR India OR Indian OR Indonesia OR Iran OR Iraq OR 2 §
46 Jamaica OR Jordan OR Kenya OR Kenyan OR Kiribati OR Korea OR Kyrgy OR Laos OR § %
47 Laotian OR Lebanon OR Lebanese OR Lesotho OR Liberia OR Libya OR Macedonia OR 3 o
48 Madagasca OR Malawi OR Malaysia OR Maldives OR Maldivian OR Mali OR Malian OR % §
:g Marshall Islands OR Mauritania OR Mauritius OR Mauritian OR Mayotte OR Mexic OR e ’i
51 Micronesia OR Moldov OR Mongolia OR Morocc OR Mozambique OR Mozambican OR ‘(‘é
52 Myanmar OR Namibia OR Nepal OR Nevis OR Nicaragua OR Niger OR Northern Mariana 3
53 Islands OR Oman OR Pakistan OR Palau OR Panama OR Papua New Guinea OR Paraguay OR =
34 Peru OR Philippine OR Filipino OR Poland OR Polish OR Rwanda OR Samoa OR Sao Tome E
gg OR Principe OR Senegal OR Seychell OR Sierra Leon OR Solomon Island OR Somali OR 8
57 _:.;T
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59 o
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South Africa OR Sri Lanka OR Saint Kitts OR St Kitts OR Saint Lucia OR St Lucia OR Saint
Vincent OR St Vincent OR Sudan OR Suriname OR Swaziland Or Swazi OR Syria OR Tajik
OR Tanzania OR Thailand OR Thai OR Timor Leste OR Togo OR Tonga OR Trinidad OR
Trinidadian OR Tobago OR Tobagonian OR Tunisia OR Turky OR Turkish OR Uganda OR
Uruguay OR Vanuat OR Venezuela OR Vietnam OR West Bank OR Yemen OR Zambia OR
Zimbabwe))

AND

(instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics
OR psychometr OR clinimetr OR clinometr OR outcome assessment OR outcome measure OR
observer variation OR observer variation OR Health Status Indicators OR reproducibility of
results OR reproducib OR discriminant analysis OR reliab OR unreliab OR valid OR coefficient
of variation OR coefficient OR homogeneity OR homogeneous OR internal consistency OR
(cronbach AND (alpha OR alphas)) OR (item AND (correlation OR selection OR reduction))
OR agreement OR precision OR imprecision OR precise values OR test-retest OR (test AND
retest) OR (reliab AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater
OR intra-rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver
OR inter-observer OR intraobserver OR intra-observer OR intertechnician OR inter-technician
OR intratechnician OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer
OR intra-examiner OR interassay OR inter-assay OR intraassay OR intra-assay OR
interindividual OR inter-individual OR intraindividual OR intra-individual OR interparticipant
OR inter-participant OR intraparticipant OR intra-participant OR kappa OR kappas OR repeatab
OR ((replicab OR repeated) AND (measure OR measures OR findings OR result OR results OR
test OR tests)) OR generaliza OR generalisa OR concordance OR (intraclass AND correlation)
OR discriminative OR known group OR factor analysis OR factor analyses OR factor structure
OR factor structures OR dimension OR subscale OR (multitrait AND scaling AND (analysis
OR analyses)) OR item discriminant OR interscale correlation OR error OR errors OR
individual variability OR interval variability OR rate variability OR (variability AND (analysis
OR values)) OR (uncertainty AND (measurement OR measuring)) OR standard error of
measurement OR sensitiv OR responsive OR (limit AND detection) OR minimal detectable
concentration OR interpretab OR ((minimal OR minimally OR clinical OR clinically) AND
(important OR significant OR detectable) AND (change OR difference)) OR (small AND (real
OR detectable) AND (change OR difference)) OR meaningful change OR ceiling effect OR
floor effect OR Item response model OR IRT OR Rasch OR Differential item functioning OR

DIF OR computer adaptive testing OR item bank OR cross-cultural equivalence)
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1 =
2 S
3 SCiELO 3
5 (Child OR Child, Preschool OR child OR Infant OR infant OR paediatric OR pediatric OR 3
6 toddler) T
7 =

(%]
g AND 2
10 o g
11 (Child Development OR child development OR early child development OR early childhood S ©
12 development OR ECD OR Child Behavior OR child behavior OR child behaviour OR Cognition % @
1 i OR Executive Function OR executive function OR Emotional Intelligence OR attachment OR o g
15 attention OR cognition OR cognitive development OR cognitive skills OR neurocognitive OR E )
16 communication OR language OR language skills OR language development OR receptive g 3
17 language OR expressive language OR speech development OR communication skills OR Motor «E §
:g Skills OR motor skills OR fine motor OR gross motor OR prosocial OR socialisation OR ; g
20 socialization OR socioemotion OR socio-emotion OR neurodevelopment OR neurobehavior OR 2 9
21 neurobehaviour OR neurobehavioral OR neurobehavioural OR Intelligence OR intelligence OR = §
22 IQ OR psychomotor OR sensorimotor OR attention OR inhibition OR impulse control OR (?; >
;i working memory OR problem solving OR self-regulation OR prosocial OR psychosocial é m;
25 development OR internali OR externali OR empathy) % 5%
;; AND % g §
;g (instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics gé’ §
31 OR psychometr OR clinimetr OR clinometr OR outcome assessment OR outcome measure OR %’%g
32 observer variation OR observer variation OR Health Status Indicators OR reproducibility of s
33 results OR reproducib OR discriminant analysis OR reliab OR unreliab OR valid OR coefficient gg i
g: of variation OR coefficient OR homogeneity OR homogeneous OR internal consistency OR 5 @g
36 (cronbach AND (alpha OR alphas)) OR (item AND (correlation OR selection OR reduction)) a- 3
37 OR agreement OR precision OR imprecision OR precise values OR test-retest OR (test AND ; %
38 retest) OR (reliab AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater g. E
i g OR intra-rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver 3 g
41 OR inter-observer OR intraobserver OR intra-observer OR intertechnician OR inter-technician ® E
42 OR intratechnician OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer > 3
43 OR intra-examiner OR interassay OR inter-assay OR intraassay OR intra-assay OR g S
j;_‘ interindividual OR inter-individual OR intraindividual OR intra-individual OR interparticipant 2 <
46 OR inter-participant OR intraparticipant OR intra-participant OR kappa OR kappas OR repeatab § %
47 OR ((replicab OR repeated) AND (measure OR measures OR findings OR result OR results OR 3 o
48 test OR tests)) OR generaliza OR generalisa OR concordance OR (intraclass AND correlation) S §
‘s‘g OR discriminative OR known group OR factor analysis OR factor analyses OR “factor 3 i
51 structure” OR “factor structures” OR dimension OR subscale OR (multitrait AND scaling AND ‘(‘é
52 (analysis OR analyses)) OR “item discriminant” OR “interscale correlation” OR error OR errors 3
53 OR “individual variability” OR "interval variability" OR "rate variability" OR (variability AND =
g: (analysis OR values)) OR (uncertainty AND (measurement OR measuring)) OR "standard error E
56 of measurement" OR “sensitive” OR “responsive” OR (limit AND detection) OR "minimal 8
57 _g
58 11 o
59 o
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detectable concentration" OR interpretab OR ((minimal OR minimally OR clinical OR
clinically) AND (important OR significant OR detectable) AND (change OR difference)) OR
(small AND (real OR detectable) AND (change OR difference)) OR "meaningful change" OR
ceiling effect OR floor effect OR "Item response model" OR IRT OR Rasch OR "Differential
item functioning" OR DIF OR "computer adaptive testing" OR item bank OR "cross-cultural
equivalence")
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1 =
2 S
3 BVS 2
: (Child OR Child, Preschool OR child OR Infant OR infant OR paediatric OR pediatric OR @
6 toddler) T
/
g AND 2
10 o g
11 (Child Development OR child development OR early child development OR early childhood % §
12 development OR ECD OR Child Behavior OR child behavior OR child behaviour OR Cognition 2 Q
1 i OR Executive Function OR executive function OR Emotional Intelligence OR attachment OR o g
15 attention OR cognition OR cognitive development OR cognitive skills OR neurocognitive OR E )
16 communication OR language OR language skills OR language development OR receptive g 3
17 language OR expressive language OR speech development OR communication skills OR Motor «E §
:g Skills OR motor skills OR fine motor OR gross motor OR prosocial OR socialisation OR ; g
20 socialization OR socioemotion OR socio-emotion OR neurodevelopment OR neurobehavior OR 2 9
21 neurobehaviour OR neurobehavioral OR neurobehavioural OR Intelligence OR intelligence OR = §
22 IQ OR psychomotor OR sensorimotor OR attention OR inhibition OR impulse control OR (?; >
;i working memory OR problem solving OR self-regulation OR prosocial OR psychosocial é m;
25 development OR internali OR externali OR empathy) % 5%
- =k
27 AND 235
2 538
;g (instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics gé’ §
31 OR psychometr OR clinimetr OR clinometr OR outcome assessment OR outcome measure OR %’%g
32 observer variation OR observer variation OR Health Status Indicators OR reproducibility of s
33 results OR reproducib OR discriminant analysis OR reliab OR unreliab OR valid OR coefficient gg i
g: of variation OR coefficient OR homogeneity OR homogeneous OR internal consistency OR S08
36 (cronbach AND (alpha OR alphas)) OR (item AND (correlation OR selection OR reduction)) a5
37 OR agreement OR precision OR imprecision OR precise values OR test-retest OR (test AND ; %
38 retest) OR (reliab AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater g. E
i g OR intra-rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver 3 g
41 OR inter-observer OR intraobserver OR intra-observer OR intertechnician OR inter-technician ® E
42 OR intratechnician OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer > 3
43 OR intra-examiner OR interassay OR inter-assay OR intraassay OR intra-assay OR g S
j;_‘ interindividual OR inter-individual OR intraindividual OR intra-individual OR interparticipant 2 <
46 OR inter-participant OR intraparticipant OR intra-participant OR kappa OR kappas OR repeatab § %
47 OR ((replicab OR repeated) AND (measure OR measures OR findings OR result OR results OR 3 o
48 test OR tests)) OR generaliza OR generalisa OR concordance OR (intraclass AND correlation) L:SD §
gg OR discriminative OR known group OR factor analysis OR factor analyses OR “factor e i
51 structure” OR “factor structures” OR dimension OR subscale OR (multitrait AND scaling AND ‘(‘é
52 (analysis OR analyses)) OR “item discriminant” OR “interscale correlation” OR error OR errors 3
53 OR “individual variability” OR "interval variability" OR "rate variability" OR (variability AND =
>4 (analysis OR values)) OR (uncertainty AND (measurement OR measuring)) OR "standard error E
gg of measurement" OR “sensitive” OR “responsive” OR (limit AND detection) OR "minimal 8
57 _g
58 13 o
59 o
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detectable concentration" OR interpretab OR ((minimal OR minimally OR clinical OR
clinically) AND (important OR significant OR detectable) AND (change OR difference)) OR
(small AND (real OR detectable) AND (change OR difference)) OR "meaningful change" OR
ceiling effect OR floor effect OR "Item response model" OR IRT OR Rasch OR "Differential
item functioning" OR DIF OR "computer adaptive testing" OR item bank OR "cross-cultural
equivalence")
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1 =
z g
i Supplemental Table 2 Definitions of the seven early childhood domains of interest 2
5 i
6 Domain Definition 2
7 Cognitive Cognitive development includes abilities such as general >
g intellectual ability, problem solving, reasoning, visual-spatial 5
10 ability, memory, learning, etc. 5 O
. g = =

1 Language Language development includes the ability to understand and S 9
12 express verbal communication, and vocabulary development 2 Q
13 and acquisition. S o
14 - < 3
15 Motor Moto development includes gross motor development (the g 8
16 ability to control and coordinate gross movements of the legs g 3
:; and arms (e.g., jumping, throwing)) and fine motor g %
19 development (the ability to control and coordinate fine = &
(]

20 movements of the fingers and toes. = 9
21 Socio-emotional/temperament | Socio-emotional development is the ability to regulate -
22 emotional responses and social interactions. It includes g o
;i behaviour  problems, soFial competency, emotional § I_Dn;gj
25 competency, and self-regulation. 5a<
2 555
27 Temperament includes biological influences on the experience 8% o
. . . .. — o

;g and expression of emotion: extraversion (positive affect, °=%g
30 activity level, impulsivity, risk-taking), negative affectivity %gg
31 (fear, anger, sadness, discomfort) and effortful control %%g
32 (attention shifting and focusing, perceptual sensitivity, 253
gi inhibitory and activational control). g 53
35 508
: . =X

36 Socio-emotional development and temperament are often Q- cg\r
37 overlapping constructs, particularly in the early years. § )
gg Attention/Executive function | Executive function, including attention, entails international 2 3
40 control over behaviour and cognition. It covers inhibitory 2 5
41 control, cognitive flexibility, planning, and working memory. 2 9
42 Personal-social/adaptive Personal-social and adaptive behaviour comprises the ability to ; §
22 perform daily-life and self-help skills, such as feeding, ?—,' >
45 dressing, toilet training, recognising others, interacting with = %
46 others, and adjusting to new situations. % =
47 Academic/pre-academic Preacademic skills are skills needed to learn reading and math, S
48 such as counting and letters. e &
49 v 2
50 é‘;
51 Note: Definitions based on (Boggs et al., 2019; Fernald et al., 2017). o
52 ®
53 g
54 =
55 Q
56 3
57 -E
58 15 ®
59 &
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Supplemental Table 3 Number of included articles by type of psychometric evidence provided S 3
< S
a N
ber of articles 3
Number of articles providing Number of articl i d lidit Nu.rg. cro .Z eles 4
Total evidence on reliability umber of articles providing evidence on validity providing evidence 8“ g
Type of number measurement invariagce
article of . =}
cticl Test- | Inter- Internal Invariance Invar@nceg
articles . Content | Concurrent | Convergent | Predictive | Structural over over @her
retest rater | consistency . =
countries groups
m
=]
All types of 182 73 63 117 66 81 74 31 72 7 1@ 2
articles 2
Development |- 5, 15 15 22 27 21 13 4 1 2
articles
Adaptation 145 | 58 | 48 95 39 60 61 27 61 5
articles
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: Supplemental Table 4 List of countries and assessment tools used in included articles S 3
< 3
2 a N
3 = NIIINmber of articles
4 Number of articles Number of articles providing evidence on validity apro@dlng GULBIEOEN References
5 NG providing evidence on < ;gs)n.easm:ement
6 Country Name of of reliability S i invariance
assessment tool . a 9
7 articles - - Over
Test- | Inter- Internal Concur- | Conver- N Structu- | 2 Over First author &
8 . Content Predictive . other
retest | rater | consistency rent gent ral c I_ﬁ(gntrles year
9 LS groups
N
10 Afghanistan International 1 0 0 0 0 0 0 0 1 m SR 0 Halpin 2019
11 Development and g% N
12 Early Learning o %’ o
13 Assessment =92 g
14 (IDELA) =03
15 Argentina Bayley Infant 1 1 1 0 0 0 0 0 0 S g 0 McCarthy 2012
16 Neurodevelopmental gg’_ 3 ]
17 Screener (BINS) o g g
18 Argentina Escala de 1 0 0 1 0 0 0 0 1 g o 0 Lacunza 2009
Habildades Sociales S e
20 (Scale of Social S
21 Abilities) e e
22 Bangladesh Ages & Stages 1 0 1 1 0 1 1 0 0 4 5 0 Pitchik 2023
23 Questionnaire s o
24 Inventory (ASQ:I) E
25 Bangladesh Bayley Scales of 1 0 0 0 1 0 0 0 0 D § 0 Parveen 2014
% Infant Development, » B
Second Edition a g
27 (BSID-II) e =
28 Bangladesh Bayley Scales of 1 0 0 0 1 0 0 0 1 i 5 0 Pendergast 2018
29 Infant Development, 2 &
30 Third Edition T 2
31 (BSID-III) S e
32 Bangladesh Dimensions of 1 1 1 1 1 1 0 0 1 @ o 0 Shaoli 2019
33 Maste.ry . S S
Questionnaire o g
34 (DMQ-18) & a2
35 Bangladesh International 1 1 1 1 1 1 1 0 0 0 @ 0 Pisani 2018
36 Development and g
37 Early Learning P
38 Assessment o
39 (IDELA) =
40 Q
4 3
43 @ 17
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o =
5 3
BMJ Open a 2 Page
S 3
g N_Ember of articles
. k< o 3o .
Number of articles Number of articles providing evidence on validity ‘Eprolygdmg evidence on References
NG providing evidence on =y ueasurement
Country Name of of reliability < & invariance
assessment tool " a ©
articles e o Over
Test- | Inter- Internal Concur- | Conver- o Structu- (S  Qver First author &
] Content Predictive = . other
retest | rater | consistency rent gent ral =] cdgntrles year
@ 9 groups
Bangladesh Rapid 2 0 2 0 1 2 0 1 0 ® B 0 Khan 2010; Khan
Neurodevelopmental Sm=Z 2013
Assessment 228
(RNDA) 22N
Bangladesh The language 1 1 0 0 1 1 1 1 0 ) 2 m 0 Hamadani 2010
inventory 839
Bangladesh WHO Gross 1 0 1 0 0 1 1 1 0 d g g 0 Hamadani 2013
Motor Milestones TN
xc9
Benin Mullen Scales of 2 0 1 0 0 1 1 1 0 Do 0 Koura 2013;
Early Learning Qg Boivin 2021
(MSEL) osx
Bhutan International 1 1 1 1 1 1 1 0 0 9> 3 0 Pisani 2018
Development and 3 % =
Early Learning g@%’
Assessment Q- =
(IDELA) > 2
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3 Name of Tobins ~ B invariance
Country of reliability =~ £
4 assessment tool " a ©
articles 2 o Over
5 Test- | Inter- Internal Concur- | Conver- o Structu- (S  Qver First author &
] Content Predictive = . other
6 retest | rater | consistency rent gent ral =] cdgntrles year
7 @ 9 groups
8 Nigeria Early Childhood 1 0 0 1 1 0 0 0 1 % B 0 Enelamah 2024
Development Index Sm=<
9 n M o
" (ECDI) N
11 Nepal The Test of Infant 1 0 1 1 0 1 0 1 0 DS’ 8 0 Kvestad 2023
Motor Perf 230
12 otor Performance = cBD ¢
(TIMP) =323
13 Pakistan Bayley Scales of 1 0 0 0 0 1 0 0 0 P2 = 0 Biasini 2015
14 T
Infant Development, O3
15 Second Edition ;'8 g2
16 (BSID-II) S2a
17 Pakistan Bayley Scales of 2 0 0 0 1 1 0 1 1 d § = 0 Pendergast 2018;
18 Infant Development, g”-}? g Rasheed 2023
19 Third Edition 3 % =
20 (BSID-III) e
Pakistan International 1 1 1 1 1 1 1 0 0 @ . g 0 Pisani 2018
21 Development and > 3
22 Early Learning - o
23 Assessment o E
24 (IDELA) E
25 Pakistan Executive function 1 0 0 1 1 0 1 1 1 D = 0 Obradovic 2019
26 battery %,- g
27 . : . =t
28 Pakistan Executive Function 1 0 0 0 0 0 1 0 1 % o 0 Toor 2022
Touch (EF Touch) 2 S5
29 o <
30 Pakistan MacArthur 1 1 1 1 1 1 0 0 0 ® 3 0 Rasheed 2017
31 Communicative S b
Development 5
32 Inventory Level 11 3 S
33 R S B
34 S @
Pakistan Strengths and 1 1 1 1 1 1 1 0 1 0 5 0 Finch 2018
35 . .
Difficulties @
36 Questionnaire 3
37 (SDQ) )
38 Pakistan Wechsler Preschool | 1 0 1 1 1 0 1 0 1 0 g 0 Rasheed 2018
39 and Primary =
40 Scale of u_%
41 Intelligence, thid 8
edition (WPPSI-III) =3
42 2
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Number of articles Number of articles providing evidence on validity ‘Eprolygdmg Gt G References
NG providing evidence on =y ueasurement
Country Name of of reliability < & invariance
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articles e o Over
Test- | Inter- Internal Concur- | Conver- o Structu- (S  Qver First author &
] Content Predictive = . other
retest | rater | consistency rent gent ral =] cdgntrles year
@ 9 groups
Palestine Early Childhood 1 0 0 1 1 1 0 0 1 % B 1 Halpin 2024
Development Index Sm=<
2030 222
Peru Bayley Scales of 1 0 0 0 1 0 0 0 1 ot g- N 0 Pendergast 2018
Infant Development, 2> 5
Third Edition 239
(BSID-III) 529
Peru Child Behavior 1 0 0 1 0 0 0 0 1 P '_(,; 3 0 Meyer 2011
Scale (CBS) =59
D p
Peru Escala de Conductas | 1 0 0 0 0 0 0 0 1 Bp 0 Hahn 2009
de Aprendizaje S S 3
Preescolar (ECAP), >3
a Spanish translation 3 Ifﬁ =
of the Preschool 208
Learning Behaviors ‘;g =
Scale (PLBS) > 3
= 3
Rwanda International 1 1 1 1 1 1 1 0 0 ? ) 0 Pisani 2018
Development and 5 o
Early Learning @ §
Assessment g g
(IDELA) g i
Samoa Early Human 1 0 0 1 0 0 0 0 1 -] 8 1 Sincovich 2019
Capability Index p <
(eHCI) = 3
Senegal Milestones 1 0 0 1 1 1 1 0 0 D = 0 Weber 2018
Checklist; 3 @
N
Vocabulatory o O
Inventory e B
Sierra Leone Saccadic reaction 1 1 0 0 0 0 1 0 0 0 2 0 Leppénen 2022
time (SRTs) P
o)
South Africa Ages & Stages 1 0 0 0 1 0 0 0 0 0 a 0 Bornman 2010
Questionnaire g
(ASQ) =
South Africa Ages & Stages 2 0 0 2 0 0 1 0 1 0 & 0 van Heerden 2017;
Questionnaire-3 < Hsiao 2016
(ASQ-3) 8
>0
=.
c
® 32
a
o
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4 Country assessment tool 0 reliabiity =3 2
netoo articles o 3 Over
5 Test- | Inter- Internal Content Concur- | Conver- Predictive Structu- |S  Qver th First author &
6 retest | rater | consistency rent gent v ral é cdgntries g(:‘mf;s year
7 - 2
8 South Africa Bayley Infant 1 0 0 1 0 0 1 0 1 ® B 0 Rodriguez 2020
Neurodevelopmental Sm=Z
?O Screener (BINS) 33 <
= DN
DO
1 South Africa Bayley Scales of 1 0 0 0 1 0 0 0 1 o 2 m 0 Pendergast 2018
12 Infgnt Development, 23y
13 Third Edition s3¢g
14 (BSID-IIT) T3
15 South Africa Early Learning 1 0 1 1 0 0 0 0 1 3S 8 1 Snelling 2019
16 Outcomes Measure 52 &
17 (ELOM) g o o
2
18 South Africa | Little 1 0 0 1 0 1 0 0 0 %2 0 Venter 2015
19 =
Developmental Sm=
20 Coordination =X
21 Disorder Q- T
22 Questionnaire (Little > %-
24 South Africa | Mullen Scales of 1 0 0 0 1 0 0 0 0 ¥ S 0 Bornman 2010
Early Learning g g
25 (MSEL) S <
26 South Africa Parents' Evaluation 1 0 0 0 0 1 0 0 0 2 o 0 Abdoola 2021
27 of Developmental o 3
28 status (PEDS) 3 g
29 5 ¢
30 South Africa The infant gross 1 1 1 0 1 1 0 0 0 ;9 3 0 Hilburn 2011
31 motor screening test g [N
32 (IGMST) 5 @
South Africa The Road to Health 1 0 0 0 0 1 0 0 0 F O 0 van der Linde 2015
33 Booklet (RTHB) a B
34 2 o
35 Sri Lanka Child Behaviour 1 1 0 1 1 1 0 0 0 0 > 0 Samarakkody 2010
36 Assessment @
>S5
37 Instrument (CBAI) 5
38 =
39 5
40 Q
4 3
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Test- | Inter- Internal Concur- | Conver- o Structu- (S  Qver First author &
] Content Predictive = . other
retest | rater | consistency rent gent ral =] cdgntrles year
@ 9 groups
Sri Lanka Denver 1 0 1 0 0 0 0 0 0 ® B 0 Wijedasa 2012
Developmental Sm=<
Screening Test for 228
Sri Lankan Children 2N
LNE)
(DDST-SL) 2> >
Sri Lanka Ragama Early 1 0 1 1 1 1 0 0 0 B (.BD ¥ 0 Caldera 2023
Assessment for 2 3 §
Children (REACh) ez
SS8
Tanzania Caregiver Reported | 1 1 1 1 1 1 1 0 0 -] g o 0 McCoy 2017
Early Development ot =
©®~ o
Instruments 533
(CREDI) S W
Thailand Parents' Evaluation | 1 0 0 0 0 1 0 0 0 Ins 0 Chunsuwan 2016
of Developmental a <
oy O
Status (PEDS) > 3
- ©O
Thailand Thai Speech and 1 0 1 1 1 0 0 0 0 ) § 0 Prathanee 2008
Language Test g o
(TSLT) @ 3
The Gambia Mullen Scales of 1 0 0 0 0 0 1 1 0 g '8 0 Milosavljevic 2019
Early Learning a 3
(MSEL) 0. =
Tonga Early Human 1 0 0 1 0 0 0 0 1 ) Z 1 Sincovich 2019
Capability Index 2
(eHCI) 3 @
Turkey Ages & Stages 1 1 1 1 0 1 0 0 0 ? P 0 Kucuker 2011
Questionnaire: o N
Social-Emotional S R
(ASQ-SE) o J
Turkey Bayley Infant 1 0 0 0 0 0 0 1 0 S 0 Soysal 2014
Neurodevelopmental @
Screener (BINS) 3
o
Turkey Brief Infant- 1 1 1 1 0 1 0 0 0 0 = 0 Karabekiroglu
Toddler Social and 5 2009
Emotional Q
Assessment L
(BITSEA) =)
o]
c
& 34
o
o
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5 Test- | Inter- Internal Concur- | Conver- o Structu- g Yver Over First author &
q Content Predictive == c other
6 retest | rater | consistency rent gent ral =] cdgntrles year
7 @ 9 groups
8 Turkey Emotional 1 1 0 1 1 1 0 0 1 9 = 0 Danigsman 2016
9 Regulation § ml 5
Checklist 0 <
10 Turkey Kaufman Survey of | 1 1 1 1 1 0 0 0 1 ® g- N 0 Uyanik 2014
n Early Academic and 2> 5
12 Language Skills (K- 239
13 SEALS) =82
14 Turkey Strengths and 1 0 0 1 0 1 1 0 0 P '_(,; =] 0 Dursun 2020
15 Difficulties =59
Questionnaire 52 &
o (SDQ) 25
Tuvalu Early Human 1 0 0 1 0 0 0 0 1 Q:\ o 1 Sincovich 2019
18 Capability Index 2 >3
19 (eHCI) 2m=
20 Uganda Bayley Scales of 1 1 0 1 0 0 1 0 1 722 0 Nampijja 2010
21 Infant Development, Q- T
22 bead threding task > %.
23 5%
24 Uganda British Ability 1 1 0 1 0 0 1 0 1 ¥ S 0 Nampijja 2010
Scales — 3rd ed., 2 g
;2 block design task » B
S o
27 Uganda International 1 0 0 0 0 0 0 0 1 d El 0 Halpin 2019
28 Development and 3 S
29 Early Learning 5 ©
30 Assessment T 3
31 (IDELA) S Q2
(%)
32 Uganda Kilifi 1 1 0 1 0 0 1 0 1 @ I 0 Nampijja 2010
33 Developmental S N
Inventory, coin box o U
34 task ° B
35 Uganda Kilifi Picture 1 1 0 1 0 0 1 0 1 0 @ 0 Nampijja 2010
36 Vocabulary Test %
37 o
38 Uganda Modified Fagan Test | 1 0 0 0 0 0 0 1 0 0 w 0 Familiar-Lopez
39 for Infant =2 2022
40 Intelligence (FTII) 9
2
41 S
c
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retest | rater | consistency rent gent ral =] cdgntrles year
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Uganda Movement 1 1 0 1 0 0 1 0 1 % B 0 Nampijja 2010
Assessment Battery & mZ
for Children, 228
balancing on one leg 2N
Uganda NEPSY verbal 1 1 0 1 0 0 1 0 1 ) 2 m 0 Nampijja 2010
fluence task 830
@00
Uganda NEPSY, knock tap | 1 1 0 1 0 0 1 0 1 % ; S 0 Nampijja 2010
game xXco
Uganda NEPSY, sentence 1 1 0 1 0 0 1 0 1 Do 0 Nampijja 2010
repetition task 2po
oc =
Uganda Sky Search in the 1 1 0 1 0 0 1 0 1 P53 0 Nampijja 2010
Tests of Everyday 3T
Attention for 3. 35
Children, Sky a <
Search Task > g
Uganda Tap Once Tap 1 1 0 1 0 0 1 0 1 H 3 0 Nampijja 2010
Twice Task %- e
S o
Uganda Tobii Professional 1 0 0 0 0 1 0 0 0 95(1) 3. 0 Boivin 2017
Studio eye tracking ) '8
programming o 3
7)) -~
=)
Uganda Wisconsin Card Sort | 1 1 0 1 0 0 1 0 1 3 > 0 Nampijja 2010
Q (&
Test = g
T @
Venezuela Bayley Infant 1 1 1 0 0 0 0 0 0 D b 0 McCarthy 2012
Neurodevelopmental 3 e
Screener (BINS) o O
e B
(0]
Viet Nam Vietnamese 1 0 0 1 0 1 1 0 0 ° = 0 Pham 2017
version of the GJ:>
Intelligibility in g
Context Scale (ICS- 8
VN). ©
g
Q
)
S
>0
_E.
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5 Test- | Inter- Internal Concur- | Conver- o Structu- (S  Qver First author &
] Content Predictive = other
6 retest | rater | consistency rent gent ral 2 cdgntrles groups year
7 . >
8 Vietnam International 1 0 0 0 0 0 0 0 1 9 R 0 Halpin 2019
9 Development and Sm=<
Early Learning 33 £
10 Assessment a g- N
11 (IDELA) SRS
12 Zambia Ages & Stages 2 0 0 2 0 0 1 0 1 B (.BD ¥ 0 van Heerden 2017;
13 Questionnaire-3 S 3 § Hsiao 2016
1;} (ASQ-3) 2ee
© o
16 Zambia Bayley Scales of 1 0 0 0 0 1 0 0 0 -] g o 0 Biasini 2015
17 Infant Development, ot =
18 Second Edition %r:; g
19 (BSID-II) S W
20 Zambia International 1 1 1 1 1 1 1 0 0 RS 0 Pisani 2018
Development and a <
21 Early Learning > g
22 Assessment Z o
23 (IDELA) s o
24 S—2
25 & 3
26 5 8
27 o =
28 5 S
29 2 £
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Q
34 2 o
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Number of Number of 3 3
countries List of countries articles Age range % @
at Typeaf References (first author &
Name assessment tool where the | where the tool was | where tool - e
. assessment | administEatioh year)
tool was applied was . E_—
. . (in months) o B
applied applied S ek
Ages & Stages Questionnaire (ASQ) 2 Iran; South Africa 1 4-60 Indlrect/rf%o'jnt Vameghi 2013; Bornman 2010
Ages & Stages Questionnaire Inventory (ASQ:I) 2 Bangladesh; China 1 1-27 Indlrect/re%éjr_t&d Pitchik 2023; Xie 2017
Ages & Stages Questionnaire: Social-Emotional 3 Brazil; China; 3 4-72 Indlrect/r@é:gtaii Anunciagao 2019; Bian 2017;
(ASQ-SE) Turkey SCBD o | Kucuker 2011
— o
Ages & Stages Questionnaire: Social-Emotional, 1 China 1 15-63 Indirect/re%ozr)tgd Xie 2019 (Journal of Child &
First Edition (ASQ:SE-1) 4= S | Dev Studies)
Ages & Stages Questionnaire-3 (ASQ-3) 11 Brazil; China; 14 1-66 Indirect/repazt@l | Filgueiras 2013; Yue 2019;
Colombia; Georgia; o c g Rubio-Codina 2016; Rubio-
Guatemala; India; 5333 | Codina 2020; Zirakashvili 2018;
Indonesia; Mexico; 3 % = | Colbert 2021; Kvestad 2013;
Nepal; South Africa; 5@5 Yunilda 2022; Ortiz-Leon 2018;
Zambia Q- S | Shrestha 2019; van Heerden
> g 2017; Hsiao 2016; Bian 2012;
S © | Shrestha 2024
Ages & Stages Questionnaires: Social Emotional 1 Brazil 1 21-66 Indirect/r@:ortg_d Chen 2017
(ASQ:SE-BR) @ 3
Alberta Infant Motor Scale (AIMS) 1 Brazil 4 0-19 Direct o '8' Saccani 2016; Siegle 2018; de
assessmer® 3 | Albuquerque 2018; Valentini
w -~
= o |2012
Angkor Hospital for Children Developmental 1 Cambodia 1 1-72 Direct :—J' <. | Ngoun 2012
Milestone Assessment Tool (AHC DMAT) assessment, S
indirect/reﬁort&i
Battelle Developmental Inventory Second Edition, | 2 Brazil; Colombia 3 0-95 Direct g @ | de Albuquerque 2022; Rubio-
BDI-2 assessmerg, § Codina 2016; Rubio-Codina 2020
indirect/re%ortéﬂl
Bayley Infant Neurodevelopmental Screener 8 Argentina, Brazil, 4 3-24 Direct 7 McCarthy 2012; Soysal 2014;
(BINS) Ecuador, Bolivia, assessment Rodriguez 2020; Guedes 2011
Colombia,
Venezuela; Turkey;
South Africa
Bayley Scales of Infant and Toddler Development 1 Iran 1 1-42 Not reported Azari 2017
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2 Name assessment tool where the | where the tool was | where tool at ’ljy?e@f =t References (first author &
3 tool was applied was zfssessment admlmst_fi“a_utldlﬁ year)
4 applied applied ({iN OIS = §
5 Bayley Scales of Infant Development, bead 1 Uganda 1 55-67 Direct § & | Nampijja2010
6 threding task assessmetg' -
7 Bayley Scales of Infant Development, Second 4 Bangladesh, India, 2 1-42 Direct o i Parveen 2014
8 Edition (BSID-II) Pakistan, Zambia assessmert ;
9 Bayley Scales of Infant Development, Third Edition | 12 Bangladesh, Brazil, | 12 6-42 Direct 82 | Pendergast 2018; Madaschi 2016;
10 (BSID-III) India, Nepal, assessmertg g- ® | Rubio-Codina 2016; Rubio-
N Pakistan, Peru, Y 2 B Codina 2020; Hanlon 2016;
12 South Africa; 83 g | Lohaus 2014; McHenry 2021;
13 Colombia; Ethiopia; ) % % Zakaria 2012; Ranjitkar 2018;
14 Cameroon; Kenya; § Y ;—’ Manandhar 2016; Rasheed 2023;
15 Malaysia 228 | Koshy 2024
16 Bracken School Readiness Assessment, Third 1 India 1 36-60 Direct 3z & | Shah2013
17 Edition (BSRA-3) assessmerff S =
18 Brief Infant- 3 Cote d'Ivoire; 2 23-32 Indirect/r%@té’d Barthel 2021; Karabekiroglu
19 Toddler Social and Emotional Assessment Ghana; Turkey = Erjl Z | 2009
20 (BITSEA) =23
21 British Ability Scales — 3rd ed., block design task 1 Uganda 1 55-67 Direct < g Nampijja 2010
22 assessmerf =
23 Caregiver Reported Early Development Instruments | 18 17 countries not 2 0-35 Indirect/reported | Waldman 2021; McCoy 2017
24 | (CREDI) listed, Tanzania 2 Z
=
25 Caregiver Reported Early Development Instruments | 2 China; India 2 5-36 Indirect/ré?;ortgd Li2020; Alderman 2021
26 | (CREDI), long-form S 0o
27 Caregiver Reported Early Development Instruments | 18 17 countries not 2 0-35 Indirect/régortgd McCoy 2018; Altafim 2018
;2 (CREDI), short-form listed; Brazil = Z
Q
30 Child Behavior Checklist/1.5-5 (CBCL/1.5-5) and 1 China 1 50-71 Indirect/re%ort(e?i Liu 2011
31 the Caregiver-Teacher Report Form (C-TRF) % b
32 Child Behavior Scale (CBS) 1 Peru 1 24-72 Indirect/r%ortgi Meyer 2011
33 Child Behaviour Assessment Instrument (CBAI) 1 Sri Lanka 1 48-72 Indirect/ré%ortgwd Samarakkody 2010
gg Child behaviour checklist (CBCL) 1 Kenya 1 12-72 Indirect/report¢d | Kariuki 2016
36 Child Social Preference Scale 1 China 1 36-60 Indirect/repor@d Li2016
37 Childhood Nonverbal Communication Scale 1 Iran 1 3-18 Indirect/report&d | Oryadi-Zanjani 2020
38 (CNCYS) @
39 Children’s Behavior Questionnaire (CBQ) 1 Iran 1 48-72 Indirect/reportgd Golmohammadi 2022
40 Chinese Preschool Readiness Scale (CPRS) 1 China 1 31-62 Indirect/reporfgd Xie 2019 (Early Educ & Dev)
41 S
42 o
43 o 39
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tool was applied was zfssessment admlmst_f:“atldlﬁ year)
. . (in months) 5 o
applied applied o ©
Chinese version of Urban Infant-Toddler Social and | 1 China 1 12-36 Indirect/régortfl | Jianduan 2009
Emotional Assessment 3 a
Chinese Vocabulary Checklist 1 China 1 12-30 Indirect/r@ortle_‘d Hao 2008
Communicative Development Inventory (CDI) 1 Kenya 1 6-36 Indirect/re%qnt&i Alcock 2015
Denver Developmental Screening Test for Sri 1 Sri Lanka 1 0-80 Direct 24 ,f, Wijedasa 2012
Lankan Children (DDST-SL) assessmelg—tgg
Denver Developmental Screening Test (Denver-I1I) | 3 Brazil; Colombia; 4 0-70.6 Direct 8(_3; o Lopez Boo 2020; Rubio-Codina
Ethiopia assessmer®, 3 = | 2016; Rubio-Codina 2020;
indirect/r@dgé’d Abessa 2016
DEvelopmental assessment on an E-Platform 1 India 2 34-40 Direct 28 | Bhavnani 2019; Mukherjee 2020
(DEEP) assessmer® =~ &
Developmental Assessment Tool for Anganwadis 1 India 1 19-36 Direct & = S | Nair 2009
(DATA) assessmer® B 3
Developmental Assessment Tool for Anganwadis 1 India 1 36-48 Direct g m Z | Nair 2012
(DATA-I) assessmerg-2 2
Developmental Milestone Chart (DMC) 1 Cambodia 1 1-96 Direct <~ g Scherzer 2009
assessmer% 4
mdlrect/re@ort'é’d
Developmental Milestones Checklist (DMC) 1 Kenya 1 2.53-12.06 Indlrect/re%ortgd Abubakar 2010
Dimensions of Mastery Questionnaire (DMQ-18) 1 Bangladesh 1 36-72 Indirect/ré:r’)or‘egd Shaoli 2019
Early Childhood Development Index (ECDI) 1 Nigeria 1 36-48 Indirect/r@ortgd Enelamah 2024
Early Childhood Development Index 2030 2 Mexio, Palestine 1 24-59 Indlrect/regortad Halpin 2024
(ECDI2030)
Early Development Instrument 1 Indonesia 1 48-96 Indlrect/relﬁortgd Brinkman 2017
Early Human Capability Index (eHCI) 7 Brazil, Kiribati, 1 24-72 Indlrect/rﬁoﬂed Sincovich 2019
China, Laos, Samoa, 3
Tonga, Tuvalu S E
Early Learning Outcomes Measure (ELOM) 1 South Africa 1 50-69 Direct ¢ & | Snelling 2019
assessment «):>
EDIN II (Evaluacion del Desarrollo Integral de la 1 Costa Rica 1 0-72 Direct % Cordero, 2019
nifa y el nifio) assessment @
Elicited Imitation Test (EIT) 1 Iran 1 36-83 Direct g Mehrani 2018
assessment o
Emotional and Behavioral Screener (EBS) 1 China 1 48-84 Indirect/repo (gd Zhang 2018
Emotional Regulation Checklist 1 Turkey 1 48-60 Indirect/reportad | Danisman 2016
o 40
(o}
(0]
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t0ol was applied was zfssessment admlmst_f:“atldlﬁ year)
. . (in months) 5 o
applied applied o ©
Escala de Conductas de Aprendizaje Preescolar 1 Peru 1 24-72 Indirect/régortfgl | Hahn 2009
(ECAP), a Spanish translation of the Preschool (g g
Learning Behaviors Scale (PLBS) - -
Escala de Habildades Sociales (Scale of Social 1 Argentina 1 36-60 Indirect/re@ortb'_ﬂ Lacunza 2009
Abilities) oms
Executive function battery 1 Pakistan 1 Direct 2 3; Obradovic 2019
assessmere S
Executive Function Touch (EF Touch) 2 Kenya 3 36-72 Self- g%’ ; Willoughby 2019 (Child
administrqg;i@lg Neuropsych); Willoughby 2019
=73 | (Dev Science); Toor 2022
Farsi Narrative Norms Instrument 1 Iran 1 60-72 Direct =S § | Soleymani2016
assessmeri ‘—_QE
Global Scales for Early Development 32 Not listed 3 0-36 Direct o€ = | McCray 2023; Jeong 2025;
Ethiopia, Kenya gss§ssmet§$§ Yibeltal 2025
indirect/repdRed
Grenada Learning and Memory Scale 1 Grenada 1 36-72 Direct 5'@"5' Blackmon 2024
assessmeid - =
=}
Infant Neurological International Battery 1 Iran 1 4-18 Direct f S | Soleimani 2007
assessmerd. ©
Intelligibility in Context Scale (ICS) / ICS- 1 Jamaica 1 39-75 Indirect/r%yortéd Washington 2017
Jamaican Creole e 3
INTER- GROWTH-21st Project Neurodevelopment | 1 Grenada 1 22-30 Direct 5 8 | Waechter 2022
Assessment (INTER-NDA) assessme 3
indirect/report&l
International Development and Early Learning 17 Afghanistan, 4 36-96 Direct @ & | Halpin2019; Pisani 2018; Wolf
Assessment (IDELA) Ethiopia, Uganda, assessmergy 3 | 2017; Pisani 2022
Vietnam, Bolivia, S 5
Bangladesh, Bhutan, a ~
Egypt, India, S R
Indonesia, Mali, o g
Malawi, S
Mozambique, <
Pakistan, Rwanda, a
Zambia, Ghana %
Kaufman Survey of Early Academic and Language | 1 Turkey 61-72 Direct S | Uyanik 2014
Skills (K-SEALS) assessment 9
Kilifi Developmental Inventory 2 Ghana, Cote 2 6-35 Direct g Barthel 2022; Abubakar 2008
d'Ivoire, Kenya assessment _:ET
o 41
(o}
(0]
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countries List of countries articles <. 3
at Typegf References (first author &
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: assessment | administEatiod year)
tool was applied was o) 5
applied applied 2 ©
Kilifi Developmental Inventory, coin box task 1 Uganda 1 55-67 Direct § & | Nampijja2010
assessmetg' o
Kilifi Picture Vocabulary Test 1 Uganda 1 55-67 Direct > = | Nampijja 2010
=
assessment -
Little Developmental Coordination Disorder 1 South Africa 1 36-49 Indirect/rd@@tél Venter 2015
Questionnaire (Little DCDQ) AN
MacArthur Communicative Development Inventory | 1 Pakistan 1 Indirect/re%@tszd Rasheed 2017
Level II @8-
MacArthur-Bates Communicative Development 1 Colombia 1 8-30 Indirect/rep@t@d | Lara Diaz 2011
Inventories CDI el
MacArthur-Bates Communicative Development 1 Colombia 2 6-42 Indirect/rf%&téid Rubio-Codina 2016; Rubio-
Inventories Short-Forms I vocabulary checklist 3 %. @ | Codina 2020
MacArthur-Bates Communicative Development 1 Colombia 2 6-42 Indirect/r@of{téi Rubio-Codina 2016; Rubio-
Inventories Short-Forms II vocabulary checklist ; 35 3 | Codina 2020
=
Malawi Developmental Assessment Tool (MDAT) 1 Malawi 1 0-84 Direct 3. @% Gladstone 2010
assessmek_ﬁ, -
indirect/reportgld
Malawi Developmental Assessment Tool (MDAT), | 1 Dominican Republic | 1 2-24 Direct = - | Sanchez-Vincitore 2019
renamed Dominican Child Development Screening assessmertg; 5
Tool indirect/rggort&l
Malay Preschool Language Assessment Tool 1 Malaysia 1 48-83 Direct % S | Razak 2010
(MPLAT) assessmenp S
MELQO Measure of Development and Learning 1 Laos 1 48-49 Direct 3 S | Gomez 2022
Outcomes assessmer®@ &
Milestones Checklist; Vocabulatory Inventory 1 Senegal 1 4-30 Indirect/r@ort@d Weber 2018
Modified Fagan Test for Infant Intelligence (FTII) 1 Uganda 1 6-12 Direct 3 Familiar-Lopez 2022
assessmene N
Mongolian Rapid Baby Scale (MORBAS) 1 Mongolia 1 0-42 Indirect/r%ort% Dagvadorj 2015
Motor Development Scale 1 Brazil 1 48-72 Not reportéd i Okuda 2020
Movement Assessment Battery for Children- 1 China 1 36-72 Direct % | Hua 2013
second edition (MBAC-2) assessment o
Movement Assessment Battery for Children, 1 Uganda 1 55-67 Direct w» | Nampijja 2010
balancing on one leg assessment T
Mullen Scales of Early Learning (MSEL) 4 Guatemala; South 5 0-68 Direct 8 | Koura 2013; Boivin 2021;
Africa; The Gambia assessment o | Colbert 2020; Bornman 2010;
= | Milosavljevic 2019
o)
o 42
o
(0]
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1 countries List of countries articles ge range <. 3
2 Name assessment tool where the | where the tool was | where tool at ’ljy?e@f =t References (first author &
3 t0ol was applied was zfssessment admlnlst?tldlﬁ year)
4 applied applied ({iN OIS = §
5 NEPSY verbal fluence task 1 Uganda 1 55-67 Direct § & | Nampijja2010
6 assessmetg' -
7 NEPSY, knock tap game 1 Uganda 1 55-67 Direct o i Nampijja 2010
8 assessment -
9 NEPSY, sentence repetition task 1 Uganda 1 55-67 Direct %O 5 | Nampijja 2010
10 assessmenf 3 <
11 Oxford Neurodevelopment Assessment (OX-NDA) | 1 Brazil 1 Direct %g § Fernandes 2022
12 assessmerpg, 3 5
13 indirect/repd®t@l
14 Parents' Evaluation of Developmental Status 3 India; South Africa; | 3 0-30 Indirect/rqpq%tai Mukherjee 2022; Abdoola 2021;
15 (PEDS) Thailand 5?%; § Chunsuwan 2016
16 Preschool and Kindergarten Behavior Scale (PKBS) | 1 Brazil 1 36-72 Indirect/ra?n@tgd Dias 2011
1; Preschool Language Scale-3 (PLS- 3) 1 Colombia 1 48-84 Direct 2o | Romero 2013
assessmertt 5 i
;g Preschool Learning Behavior Scale (PLBS) 1 China 1 Indirect/re@({ﬁt@’i Wu 2019 (JPA)
21 Questionario para Avaliagdo do Desenvolvimento 1 Brazil 1 0-59 Indirect/rquortgd Venancio 2020
2 Infantil (QAD-PIPAS) > %’
23 Ragama Early Assessment for Children (REACh) 1 Sri Lanka 1 24-60 Indirect/re@ortgd Caldera 2023
24 Rapid Assessment of Cognitive and Emotional 1 Ghana 1 48-72 Self- 3 2 | Yuan 2022
25 Regulation (RACER) administration=
26 Rapid Neurodevelopmental Assessment (RNDA) 2 Bangladesh; 3 0-60 Direct & g | Khan2010; Khan 2013;
27 Guatemala assessmerf= 3 | Thompson 2015
7)) =
28 Receptive and expressive vocabulary test battery 1 Kenya 1 24-83 Direct 3. S | Knauer2019
29 (English, Luo and Swabhili ) assessmer cg"
2(1) Saccadic reaction time (SRTs) 1 Sierra Leone 1 7-11.9 Self- 3 ﬁ Leppénen 2022
32 administrgion™
33 Screening for Identification of Oral Language 1 Brazil 1 51-65 Indirect/r@orte::d Puglisi 2020
34 Difficulties by Preschool Teachers (SIOLD) o ;1
35 Screening Test of Early Language Development- 1 India 1 6-21 Indirect/reported | Pathak 2023
. «Q
36 Test version (STELD-T) o
37 | Self-ordered Pointing Task (SOPT) 1 Brazil 1 42-60 Self- © | Sallum 2017
38 administratlong
39 Sky Search in the Tests of Everyday Attention for 1 Uganda 1 55-67 Direct S | Nampijja 2010
40 Children, Sky Search Task assessment E
41 =
>0
42 o
43 o 43
44 &
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml -
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countries List of countries articles <. 3
at Typegf References (first author &
Name assessment tool where the | where the tool was | where tool - . Q
: assessment | administEatiod year)
tool was applied was o) 5
applied applied 2 ©
Social Skills domain of System-Rating Scales 1 China 1 36-60 Indirect/régortfgl | Wu 2019 (PS)
(SSIS-RS) b
Spanish-language MacArthur—Bates 1 Mexico 1 8-30 Indirect/r@ortgd Jackson-Maldonado 2013
Communicative Development Inventories short - =
forms (S-CDI SFI and SFII) oms
Strengths and Difficulties Questionnaire (SDQ) 2 Pakistan; Turkey 2 20-51 Indirect/r%(ﬁr_tgd Finch 2018; Dursun 2020
Tap Once Tap Twice Task 1 Uganda 1 55-67 Direct Qt_';) o1 | Nampijja 2010
assessmer. 3 g
Test of Gross Motor Development (TGMD-2) 1 Brazil 1 36-60 Direct © % g Bandeira 2020
assessmen::b'_g) =
Thai Speech and Language Test (TSLT) 1 Thailand 1 3-24 Direct S8 | Prathanee 2008
assessmerg = 3
The Chinese Early Language and Communication 1 China 1 2-48 Indirect/r@&‘tgﬂ Zhang 2021
Questionnaire 23
The Chinese Intelligence Scale for Young Children | 1 China 1 36-84 Direct 3.m = | Guo 2009
assessmerE- L2
The infant gross motor screening test IGMST) 1 South Africa 1 6-18 Direct € 5‘ Hilburn 2011
assessmer% =
The language inventory 1 Bangladesh 1 12-18 Indirect/rgport@d | Hamadani 2010
The Road to Health Booklet (RTHB) 1 South Africa 1 6-12 Indirect/r@ort'gd van der Linde 2015
The Test of Infant Motor Performance (TIMP) 1 Nepal 1 2-3 Direct Z ﬁ Kvestad 2023
assessmend S
Tobii Professional Studio eye tracking 1 Uganda 1 44-65 Direct & ;\’ Boivin 2017
programming assessmer@. 3
Vietnamese version of the Intelligibility in Context | 1 Viet Nam 1 24-71 Indirect/r%ort%"d Pham 2017
Scale (ICS-VN). ® o
Vineland Adaptive Behaviour Scale (VABS II) 1 India 1 36-108 Indirect/re%ort?d Kumar 2016
Vocabulary Checklists 2 Malawi, Ghana 1 12-17; 48- Indirect/r@ort: Prado 2018
72 o 9
Wechsler Preschool and Primary Scale of 1 Pakistan 1 Direct " : Rasheed 2018
Intelligence, thid edition (WPPSI-III) assessment @
WHO Gross Motor Milestones 2 Bangladesh; 3 3-42 Direct E Hamadani 2013; Rubio-Codina
Colombia assessment, @ | 2016; Rubio-Codina 2020
indirect/report&d
Wisconsin Card Sort Test 1 Uganda 1 55-67 Direct (53 Nampijja 2010
assessment &
>0
H
& 44
o
(0]
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Supplemental Table 6 Number of articles providing psychometric evidence by world region and urban/rural lo

BMJ Open

Region Urban | Rural | Urban-
rural

Caribbean 2 0 0
Central America 1 3 0
East Asia 10 1 8
Oceania 0 0 1
North Africa and the Middle East 0 0 2
North America 1 0 1
South America 18 0 7
South Asia 13 13 9
Southeast Asia 5 1 3
Sub-Saharan Africa 11 16 14
West Asia 8 0 2
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Supplemental Table 7 Number of articles providing psychometric evidence by child development assessment t&lsgdevelopment articles)
< >S5
=)
= Nul i
Number Number . -'" Nl@l-be.l‘ of ar ticles
5 Number of articles q . q 9K —-preyiding evidence
of articles of T 5 Number of articles providing evidence on validity = References
. . providing evidence on o ofbmeasurement
providing | countries A c 5
Name of assessment tool reliabili o olnvariance
psycho- where the Internal S O Over
metric tool was Test- | Inter- . Concur- | Conver- | Predic- | Structu & (®er M First author &
" \ consis- | Content 5 — A other
evidence applied retest | rater rent gent tive -ral |ccountries year
tency = groups
Angkor Hospital for 1 1 0 0 0 1 0 0 0 0 Om ;,ZJ 0 Ngoun 2012
Children Developmental 3 o<
Milestone Assessment Tool ag- N
(AHC DMAT) SR
Caregiver Reported Early 2 18 2 1 2 2 2 2 0 1 SERS 0 McCoy 2017;
Development Instruments o g g Waldman 2021
(CREDI) O
Caregiver Reported Early 1 17 1 0 1 1 1 1 0 0 =S 5 1 McCoy 2018
Development Instruments 2 ‘-_2. %
(CREDI), short-form oo =
Child Behaviour Assessment | 1 1 1 0 1 1 1 0 0 0 )~ o 0 Samarakkody
Instrument (CBAI) ® >3 2010
3n=
Childhood Nonverbal 1 1 0 0 1 1 1 1 0 1 g(l@‘s 0 Oryadi-Zanjani
Communication Scale 2 3 2020
(CNCS) > 3
Chinese Preschool Readiness | 1 1 0 0 1 1 1 0 0 1 0 S 0 Xie 2019 (Early
Scale (CPRS) 2. _g Educ & Dev)
Chinese Vocabulary 1 1 0 0 0 0 0 1 0 0 50 3 0 Hao 2008
Checklist » o
DEvelopmental assessment 1 1 0 0 0 1 0 0 0 0 SE 0 Bhavnani 2019
on an E-Platform (DEEP) PN
Developmental Assessment 1 1 0 0 1 1 0 0 0 1 'gj) Z 0 Nair 2009
Tool for Anganwadis & <
(DATA) ®
Developmental Assessment 1 1 0 0 1 1 0 0 0 1 gO B 0 Nair 2012
Tool for Anganwadis o N
(DATA-II) °c g
Developmental Milestone 1 1 0 0 0 1 0 0 0 0 ;mO $ 0 Scherzer 2009
Chart (DMC) o
Developmental Milestones 1 1 1 0 1 1 1 1 0 1 0 ‘é 0 Abubakar 2010
Checklist (DMC) b=
Early Childhood 1 2 0 0 1 1 1 0 0 1 0 o 1 Halpin 2024
Development Index 2030 g
(ECDI203) =
Early Learning Outcomes 1 1 0 1 1 0 0 0 0 1 0 L_E: 1 Snelling 2019
Measure (ELOM) 2
Elicited Imitation Test (EIT) | 1 1 0 1 0 0 1 0 0 0 0 _g 1 Mehrani 2018
c
® 46
a
o
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S 3
1 INIDHEP |- NPl e Number of articles § El?ﬂl:l‘:;g fe:;(:;clzz:
of articles of 3H . Number of articles providing evidence on validity |[S. References
2 e | o prowdlng esflflence on =l ogmeasllrement
3 Name of assessment tool reliabili = Rinvariance
psycho- | where the Internal = 5 Over
4 metric tool was Test- | Inter- consis- | Content Concur- | Conver- | Predic- | Structu a Qger other First author &
5 evidence applied retest | rater o rent gent tive -ral  [Sco , tries sroups year
6 Escala de Habildades 1 1 0 0 1 0 0 0 0 1 =0 o 0 Lacunza 2009
7 Sociales (Scale of Social = i
8 Abilities) - R
9 Farsi Narrative Norms 1 1 1 1 0 1 0 0 0 0 ‘(’BOFDHE 0 Soleymani 2016
10 Instrument NS
1 Global Scales for Early 1 32 0 0 1 1 0 0 0 0 gﬁg' 8 0 McCray 2023
12 Development oY
13 Grenada Learning and 1 1 1 1 1 1 1 1 0 1 @E ¥ 0 Blackmon 2024
Memory Scalea ©2=
14 ['nternational Development | 1 12 1 1 1 1 1 1 0 0 200 3 0 Pisani 2018
15 and Early Learning 538
16 Assessment (IDELA) =3
17 Kilifi Developmental 1 1 1 1 1 1 1 1 0 0 g{)§ g 0 Abubakar 2008
Inventory N
1 g Malawi Developmental 1 1 1 1 0 1 0 1 0 0 30% I 0 Gladstone 2010
20 Assessment Tool (MDAT) S e
Malay Preschool Language 1 1 1 1 1 1 0 0 0 0 20 = 0 Razak 2010
21 Assessment Tool (MPLAT) o %
22 Mongolian Rapid Baby 1 1 0 0 0 1 1 0 0 0 2 o 0 Dagvadorj 2015
23 Scale (MORBAS) 5 o
24 Oxford Neurodevelopment 1 1 1 1 1 0 1 0 0 0 g() 5.’ 0 Fernandes 2022
25 Assessment (OX-NDA) o 3
26 Questionario para Avaliacdo | 1 1 0 0 0 1 0 0 0 0 n:;O '8 0 Venancio 2020
27 do Desenvolvimento Infantil o 3
(QAD-PIPAS) . =
28 Ragama Early Assessment 1 1 0 1 1 1 1 0 0 0 = 0 Caldera 2023
29 for Children (REACh) 2 =
30 Rapid Neurodevelopmental 1 1 0 1 0 1 1 0 1 0 ;0'0 > 0 Khan 2010
31 Assessment (RNDA) =
32 Receptive and expressive 1 1 0 1 1 0 1 1 1 0 3_0’0 ~ 0 Knauer 2019
33 vocabulary test battery S R
34 (English, Luo and Swabhili ) o &
Saccadic reaction time 1 1 1 0 0 0 0 1 0 0 0 I 0 Leppéanen 2022
35 | (sRTs) P
36 Screening for Identification 1 1 0 0 0 0 0 0 0 1 0 é 0 Puglisi 2020
37 of Oral Language ®
38 Difficulties by Preschool @
39 Teachers (SIOLD) =
40 Screening Test of Early 1 1 0 0 1 0 1 0 0 0 0 L§ 0 Pathak 2023
41 Language Development-Test L
version (STELD-T) =
42 Q
43 ®
44 &
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml -
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. Number of articles . . 1e . 4 i< préviding evidence
of articles of 3H . Number of articles providing evidence on validity =% References
~aeiitE | o providing evidence on =l oRSmeasurement
Name of assessment tool p reliabili = Rinvariance
psycho- where the Internal -5 Over
metric tool was Test- Inter- . Concur- | Conver- | Predic- | Structu ?, (ger First author &
q q consis- | Content 5 = q other
evidence applied retest rater rent gent tive -ral  [Scoufitries year
tency S o groups
Thai Speech and Language 1 1 0 1 1 1 0 0 0 0 =0 S 0 Prathanee 2008
Test (TSLT) =
The infant gross motor 1 1 1 1 0 1 1 0 0 0 0 = 0 Hilburn 2011
screening test IGMST) g QZJ
The language inventory 1 1 1 1 1 1 209 E Hamadani 2010
Vocabulary Checklists 1 1 0 0 1 0 1 505 1 Prado 2018
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Supplemental Table 8 Number of articles providing psychometric evidence by child development assessment t@lIsgadaptation articles)
< >S5
g N
Number Number Nufn!)er of-artlcles Number of articles providing evidence on NUfnPer (ﬂ'arﬂlgles
of of providing evidence on validit providing qnde%e on References
articles | reliability y measuremen&invdyiance
Name of assessment tool providing|W =
here the| Internal . =] gver
psycho- Test- | Inter- . Concur-Conver- Predic-| Structu- Over @ .
. | tool was consis- |Content . . | other First author & year
metric applied retest | rater tenc rent gent tive ral countries o| uDs
evidence| *PP ) c g:o .
IAges & Stages Questionnaire (ASQ) [2 2 0 1 1 2 0 0 0 1 0 é %IQ Vameghi 2013; Bornman
=|@ 2010
D' Q
IAges & Stages Questionnaire 2 2 1 1 2 1 2 1 0 0 0 % B 9 Xie 2017; Pitchik 2023
Inventory (ASQ:I) ECBD g
IAges & Stages Questionnaire: Social- |3 3 2 2 2 1 1 0 0 2 0 S o § IKucuker 2011; Anuncia¢do
Emotional (ASQ-SE) 2 (CD ;?_) 2019; Bian 2017
=
& o . .
IAges & Stages Questionnaire: Social- |1 1 1 1 1 0 1 0 0 0 0 3 k. o Xie 2019 (Journal of Child
[Emotional, First Edition (ASQ:SE-1) a 2 = & Dev Studies)
"o
IAges & Stages Questionnaire-3 (ASQ-|14 11 5 6 12 4 5 S 3 4 0 o g 3 Zirakashvili 2018; Colbert
3) S M=  P021; Rubio-Codina 2016;
5"-’2 IRubio-Codina 2020;
Qf g Shrestha 2019; Hsiao 2016;
; 5 Filgueiras 2013; van
s| B Heerden 2017; Ortiz-Leon
3 2 2018; Kvestad 2013; Yue
@| 3 019 Yunilda 2022; Bian
) 2012; Shrestha 2024
IAges & Stages Questionnaires: Social |1 1 0 0 0 0 0 0 0 1 0 20 3 Chen 2017
Emotional (ASQ:SE-BR) ‘g o
=. S
IAlberta Infant Motor Scale (AIMS) |4 1 3 3 2 1 3 1 1 0 0 STJ o & Saccani 2016; Siegle 2018;
gl @ de Albuquerque 2018;
S5 Valentini 2012
> <
o 'Y
Battelle Developmental Inventory 3 2 2 0 2 1 1 1 1 0 0 g 0 IRubio-Codina 2016; Rubio-
Second Edition, BDI-2 o g (Codina 2020; de
2 ; IAlbuquerque 2022
Q
Bayley Infant Neurodevelopment 4 8 1 1 2 1 1 1 2 2 0 0 % Guedes 2011; McCarthy
Screener (BINS) o 2012; Soysal 2014;
@ Rodriguez 2020
=2
Bayley Scales of Infant and Toddler |1 1 1 1 1 1 0 1 0 1 0 0 & \Azari 2017
Development (BSID) g
=
c
o
a
o
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Number Number Nugn!)er of.artlcles Number of articles providing evidence on NuTn!)er (_g.artgcles
of of providing evidence on validit providing exideRte on References
articles . reliability y measuremen@invariance
.. |countries tHNE
Name of assessment tool provndlng|W = ds
here the Internal . =| @ver
psycho- Test- | Inter- . Concur-/Conver- Predic-| Structu- Over 32 .
. | tool was consis- |Content . . O| ather First author & year
metric applied retest | rater tenc rent gent tive ral countries = W ups
evidence| “PP y = gyoup
Bayley Scales of Infant Development, |1 1 1 0 1 0 0 1 0 1 0 “lo 5 Nampijja 2010
bead threding task e B
c =
Bayley Scales of Infant Development, 2 4 0 0 0 1 1 0 0 0 0 § ) Biasini 2015; Parveen 2014
Second Edition (BSID-II) < ] N
Dia'S
Bayley Scales of Infant Development, |12 12 4 3 7 2 3 3 5 5 2 % B 9 Rubio-Codina 2016; Rubio-
Third Edition (BSID-III) = (.BD ¥ Codina 2020; Hanlon 2016;
o2 = Ranjitkar 2018; Madaschi
ez 2016; Pendergast 2018,;
g S 2 Manandhar 2016; Zakaria
3z & 2012; Lohaus 2014;
el McHenry 2021; Rasheed
B[>3 2023; Koshy 2024
Bracken School Readiness 1 1 0 0 1 1 0 0 0 0 0 3 ﬁ'-’, g Shah 2013
Assessment, Third Edition (BSRA-3) s{2e
Ql =
Brief Infant- 2 3 1 1 2 0 1 1 0 1 0 [0 E Karabekiroglu 2009;
Toddler Social and Emotional E S Barthel 2021
|Assessment (BITSEA) %. o
Sl o
British Ability Scales — 3rd ed., block |1 1 1 0 1 0 0 1 0 1 0 Qn 3 Nampijja 2010
design task ) g
Caregiver Reported Early 2 2 0 0 2 0 2 2 0 0 0 % 03 IAlderman 2021; Li 2020
Development Instruments (CREDI), 3] S
long-form 3l o
Caregiver Reported Early 1 1 1 0 1 1 1 1 0 0 0 %0 5 Altafim 2018
Development Instruments (CREDI), =] 2
short-form 3 w
Child Behavior Checklist/1.5-5 1 1 0 0 0 0 0 0 0 1 1 g 0 % Liu 2011
(CBCL/1.5-5) and the Caregiver- ol 9
[Teacher Report Form (C-TRF) vl &
Child Behavior Scale (CBS) 1 1 0 0 1 0 0 0 0 1 0 0 % Meyer 2011
Child behaviour checklist (CBCL) 1 1 1 0 1 0 0 1 0 1 0 0 § Kariuki 2016
(Child Social Preference Scale 1 1 0 0 1 0 0 0 1 1 0 l m ILi2016
(Children’s Behavior Questionnaire 1 1 1 0 1 1 1 1 0 1 0 0 % IGolmohammadi 2022
(CBQ) &
5
>0
=
c
o
o
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Number Number Nugn!)er of.artlcles Number of articles providing evidence on NuTn!)er (_g.artgcles
of of providing evidence on validit providing exideRte on References
articles . reliability y measuremen®invariance
.. |countries tHNE
Name of assessment tool provndlng|W = ds
here the Internal . =| @ver
psycho- Test- | Inter- . Concur-/Conver- Predic-| Structu- Over 32 .
. | tool was consis- |Content . . O| ather First author & year
metric applied retest | rater tenc rent gent tive ral countries = W ups
evidence| “PP y = gyoup
Chinese version of Urban Infant- 1 1 1 1 1 1 1 0 0 1 0 S Jianduan 2009
Toddler Social and Emotional =] I
/Assessment 5m=Z
Communicative Development 1 1 1 0 1 0 1 0 0 0 0 o< Alcock 2015
=@
Inventory (CDI) D5 O
IDenver Developmental Screening Test|l 1 0 1 0 0 0 0 0 0 0 % g o \Wijedasa 2012
for Sri Lankan Children (DDST-SL) 2 (_BD g
o0 <
Denver Developmental Screening Test@ 3 3 2 3 2 1 2 1 1 0 T @; = IAbessa 2016; Rubio-Codina
(Denver-II) =53 2016; Rubio-Codina 2020;
g2 & Lopez Boo 2020
ol
DEvelopmental assessment on an E- |1 1 0 0 0 0 1 0 0 0 0 2T o Mukherjee 2020
Platform (DEEP) >3
3S|m =
IDimensions of Mastery Questionnaire |1 1 1 1 1 1 1 0 0 1 0 g@'c Shaoli 2019
(DMQ-18) al =
[Early Childhood Development 1 1 0 0 1 1 0 0 0 1 0 >0 3 [Enelamah 2024
Index (ECDI) = S
[Early Development Instrument 1 1 1 1 1 1 0 5 0 = Brinkman 2017
[Early Human Capability Index (eHCI) |1 7 1 0 1 g_:’ 13 Sincovich 2019
IEDIN II (Evaluacion del Desarrollo |1 1 0 1 1 0 Sl g ICordero, 2019
o~ .~ Q-
Integral de la nifia y el nifio) w §
IEmotional and Behavioral Screener |1 1 0 1 1 0 1 0 0 1 0 z 0 Z Zhang 2018
(EBS) ) £
[Emotional Regulation Checklist 1 1 1 1 1 1 1 10 2 Danigman 2016
=
[Escala de Conductas de Aprendizaje |1 1 0 0 0 0 1 3 s IHahn 2009
Preescolar (ECAP), a Spanish S §
translation of the Preschool Learning L(.ED- a
Behaviors Scale (PLBS) w| &
[Executive function battery 1 1 0 1 1 0 1 1 1 § Obradovic 2019
Executive Function Touch (EF Touch)[3 2 1 1 1 1 3 0 2 a Willoughby 2019 (Child
g INeuropsych); Willoughby
) 2019 (Dev Science); Toor
o 2022
2
S
>0
=
c
o
a
o
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of of providing evidence on validit providing exideRte on References
articles . reliability y measuremen®invariance
.. |countries tHNE
Name of assessment tool provndlng|W = ds
here the Internal . =| @ver
psycho- Test- | Inter- . Concur-/Conver- Predic-| Structu- Over 32 .
. | tool was consis- |Content . . O| ather First author & year
metric applied retest | rater tenc rent gent tive ral countries = W s
evidence| “PP y = gyoup
(Global Scales of Early 2 2 1 0 2 1 1 0 0 0 “lo 5 Yibeltal 2025; Jeong 2025
Development e B
%ms
Bz 2
Infant Neurological International 1 1 1 0 0 1 0 0 0 0 @ g 8 Soleimani 2007
MRS
Battery 22 o
Intelligibility in Context Scale (ICS)/ 1 1 1 1 0 1 1 0 1 0 8'?6 g \Washington 2017
ICS-Jamaican Creole 33 =
=
INTER- GROWTH-21st Project 1 1 1 1 0 0 0 0 0 0 = % S \Waechter 2022
INeurodevelopment Assessment 2 e Y
(INTER-NDA) 2o &
International Development and Early |3 17 1 1 0 1 1 1 2 1 oI o Halpin 2019; Pisani 2022;
Learning Assessment (IDELA) g 5 i (Wolf 2017
=.|[T1 —
IKaufman Survey of Early Academic |1 1 1 1 1 0 0 0 1 0 g@'i Uyanik 2014
land Language Skills (K-SEALS) Qy g
>
Kilifi Developmental Inventory 1 2 1 1 0 1 1 = 0 _g' Barthel 2022
Kilifi Developmental Inventory, coin |1 1 0 1 0 1 % _g INampijja 2010
box task 2l S
Kilifi Picture Vocabulary Test 1 1 1 0 1 1 o 0 i Nampijja 2010
Little Developmental Coordination |1 1 1 0 0 2l § \Venter 2015
Disorder Questionnaire (Little DCDQ) % o
]
MacArthur Communicative 1 1 1 1 1 1 0 0 0 0 20 & Rasheed 2017
Development 3| a
Inventory Level 11 S =
MacArthur-Bates Communicative 1 1 0 1 1 0 1 0 0 0 5 0 N Lara Diaz 2011
Development Inventories CDI S N
= 9
MacArthur-Bates Communicative 2 1 0 2 0 1 1 1 0 0 vl 2 IRubio-Codina 2016; Rubio-
Development Inventories Short-Forms (E Codina 2020
Il vocabulary checklist 3
IMacArthur-Bates Communicative 2 1 0 2 0 1 1 1 0 0 0 3 IRubio-Codina 2016; Rubio-
Development Inventories Short-Forms @ Codina 2020
IT vocabulary checklist =
<
o
S
>0
=
c
o
a
o
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3 Name of assessment tool providing‘)cv‘;::;zrtlﬁse Internal _?: gver
4 psycho- tool was Test- | Inter- consis- | Content Concur-/Conver- Predic-| Structu- Over 3 Sher First author & vear
5 metric applied retest | rater tenc rent gent tive ral countries g W ¢ y
6 evidence| PP v Si %)UP
7 Malawi Developmental Assessment |1 1 0 1 1 0 0 1 0 0 0 2o S Séanchez-Vincitore 2019
8 Tool (MDAT), renamed Dominican =] I
9 Child Development &lm DZJ
10 Screening Tool ? %I‘i
59
1; IMELQO Measure of Development 1 1 0 0 0 0 0 1 0 1 1 % 5 a1 Gomez 2022
land Learning Outcomes 23 g
13 5% 2
14 Milestones Checklist; Vocabulatory |1 1 0 0 1 1 1 1 0 0 0 T g,; = (Weber 2018
15  [Inventory =E 3
16  |Modified Fagan Test for Infant 1 1 0 0 0 0 0 0 1 0 0 Se § Familiar-Lopez 2022
17 Intelligence (FTII) 2 e
Dy o
18 Motor Development Scale 1 1 0 0 1 0 0 1 = r% S Okuda 2020
19 Movement Assessment Battery for 1 1 1 1 1 3 ﬁ = Hua 2013
20 [Children- second edition (MBAC-2) 2 no
= =
21 Movement Assessment Battery for 1 1 1 0 1 0 0 1 0 1 0 > 0 g Nampijja 2010
22 Children, balancing on one leg = g'
23 518
24 Mullen Scales of Early Learning 5 4 1 2 1 1 1 3 3 0 0 S0 2 IColbert 2020; Koura 2013;
55 (MSEL) 2l 5 Milosavljevic 2019;
2% 2 B IBornman 2010; Boivin
al 8 2021
Q| =
;; INEPSY verbal fluence task 1 1 1 0 1 0 0 1 0 1 0 % 0 5 Nampijja 2010
59 INEPSY, knock tap game 1 1 1 0 1 0 0 1 0 1 0 f—J 0 Nampijja 2010
=
30 INEPSY, sentence repetition task 1 1 1 0 1 0 0 1 0 1 0 zP0 32 Nampijja 2010
31 Parents' Evaluation of Developmental (3 3 0 0 0 0 3 0 0 0 0 é‘ 0 5 IAbdoola 2021; Chunsuwan
32 status (PEDS) % B 2016; Mukherjee 2022
33 Preschool and Kindergarten Behavior |1 1 0 0 1 0 0 0 0 1 0 L(.ED- 0 i Dias 2011
g;‘ Scale (PKBS) Y i
36 Preschool Language Scale-3 (PLS-3) |1 1 1 0 1 Eo IRomero 2013
37 IPreschool Learning Behavior Scale |1 1 1 1 = Wu 2019 (JPA)
38  (PLBS) @
39 Rapid Assessment of Cognitive and |1 1 1 1 0 0 1 1 0 0 0 0 % [Yuan 2022
40 [Emotional Regulation (RACER) Q
4 =2
42 o
43 o
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metric applied retest | rater tenc rent gent tive ral countries = W ups
evidence| “PP y = gyoup
Rapid Neurodevelopmental 2 2 0 2 0 1 2 1 0 0 0 “lo 5 Thompson 2015; Khan
/Assessment (RNDA) =] I 2013
c =
Self-ordered Pointing Task (SOPT) |1 0 0 1 0 § é‘g Sallum 2017
wn
Sky Search in the Tests of Everyday |1 1 1 1 0 1 1 3 g N Nampijja 2010
IAttention for Children, Sky Search 213 m
Task 830
Social Skills domain of System-Rating|l 1 0 0 1 0 0 1 0 1 0 ole = Wu 2019 (PS)
[y =]
Scales (SSIS-RS) % 05
E Q)
Spanish-language MacArthur—Bates |1 1 1 0 0 0 0 1 0 0 0 LR s Jackson-Maldonado 2013
Communicative Development g é' 9;
Inventories short forms (S-CDI SFI 2|7 o
land SFII) ® 5 2_
Strengths and Difficulties 2 2 1 1 2 1 2 2 0 1 0 g %g Finch 2018; Dursun 2020
Questionnaire (SDQ) g =2
[Tap Once Tap Twice Task 1 1 1 0 1 1 1 > 0 g INampijja 2010
Test of Gross Motor Development 1 1 0 1 1 1 1 =03 Bandeira 2020
(TGMD-2) 2 2
The Chinese Early Language and 1 1 0 0 1 0 1 0 0 0 0 g 0 g Zhang 2021
ICommunication Questionnaire o &
The Chinese Intelligence Scale for 1 1 0 0 0 0 0 0 0 1 0 g 1 3 Guo 2009
'Young Children g S
The Road to Health Booklet (RTHB) |1 1 0 0 1 0 SIS van der Linde 2015
The Test of Infant Motor Performance |1 1 1 1 1 1 @0 @ Kvestad 2023
(TIMP) 3| &
[Tobii Professional Studio eye tracking |1 1 0 0 0 0 1 0 0 0 0 % 0 Boivin 2017
programming Ql X
@ Q
Vietnamese version of the 1 1 0 0 1 0 1 1 0 0 0 0 ; IPham 2017
Intelligibility in Context Scale (ICS- <
VN). 5
Vineland Adaptive Behaviour Scale |1 1 1 1 0 0 0 1 0 0 0 0 g Kumar 2016
(VABS II) =
Wechsler Preschool and Primary 1 1 0 1 1 1 0 1 0 1 0 0 o Rasheed 2018
. e Q
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< S
z 5
Child development domain Total Number of articles providing Number of articles providing evidence on Vﬂidiﬁ Number of articles
number evidence on reliability 5 8 providing evidence on
of % bl measurement invariance
articles | Test- Inter- Internal Content/ | Concurrent | Convergent | PredictiveS Stgilctural Over Over other
retest rater consistency | face /Criterion 9 3 countries groups
All articles (N=182 article-tool dyads) = =
Cognitive 82 28 31 53 39 35 29 18 amE 3 3
Language 111 39 38 72 49 51 41 21 130 4 7
Motor 104 38 41 62 41 46 38 21 o 309 5 5
Socioemotional/ temperament 52 19 17 37 25 30 16 4 a é@: 4 5
Attention/ executive function 22 10 4 14 4 7 16 1 g A= 1 4
Personal-social/ adaptive 49 19 18 32 20 22 16 6 X &’5 0 1
Academic/ preacademic 10 2 4 6 3 4 3 1 FELS 2 5
Development articles (N=37 article-tool dyads) 20
Cognitive 17 7 7 12 14 10 6 1 889 2 2
Language 28 9 10 16 21 16 9 4 3%= 2 3
Motor 20 9 9 13 18 12 7 1 N 2 3
Socioemotional/ temperament 13 6 4 10 12 10 4 0 935 2 2
Attention/ executive function 3 1 2 3 2 2 1 0 3 3‘% 0 2
Personal-social/ adaptive 10 2 3 6 9 4 2 1 o 4§ 0 0
Academic/ preacademic 3 1 2 1 2 2 1 0 335 0 2
Adaptation articles (N=145 article-tool dyads P ‘(_:
Cognitive 65 21 24 41 25 25 23 17 g 18 1 1
Language 83 30 28 56 28 35 32 17 225 2 4
Motor 84 29 32 49 23 34 31 20 =24, 3 2
Socioemotional/ temperament 39 13 13 27 13 20 12 4 n 2§ 2 3
Attention/ executive function 19 9 2 11 2 15 1 9 15 1 2
Personal-social/ adaptive 39 17 15 26 11 18 14 5 d 8 0 1
Academic/ preacademic 7 1 1 3 1 2 1 g 6 E 2 3
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Supplemental Table 10 Number of articles by category of risk of bias

BMJ Open

Risk of bias due to training | Risk of bias due to Risk of bias due to
or administration selective reporting missing data

Low risk 47 86 78

Some concerns 12 8 52

High risk 0 1 7

Unable to assess 123 9 44

Not applicable 0 78 1
Indirectness (are results
generalisable?)

Yes 20

Probably yes 82

Probably no 53

No 24

No information 3
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Risk of bias due to Risk of bias . q
First author & year training or due to selective Risk 0 f.b ias due Are rt'esults
administration reporting to missing data generalizable?
Abdoola 2021 unable to assess N/A unable to assess | probably no
Abessa 2016 low risk N/A unable to assess | probably yes
Abubakar 2008 unable to assess Low risk low risk probably yes
Abubakar 2010 unable to assess Some concerns | High risk No
Alcock 2015 unable to assess N/A low risk Probably yes
Alderman 2021 Low risk unable to assess | Low risk Yes
Altafim 2018 low risk unable to assess | some concerns probably yes
Anunciagdo 2019 unable to assess n/a some concerns Yes
Azari 2017 unable to assess high risk unable to assess | probably no
Bandeira 2020 unable to assess low risk Low risk probably yes
Barthel 2021 unable to assess low risk low risk probably yes
Barthel 2022 Some concerns Low risk Low risk Probably no
Bhavnani 2019 unable to assess N/A low risk Yes
Bian 2012 unable to assess N/A Low risk no
Bian 2017 unable to assess n/a unable to assess | Yes
Biasini 2015 unable to assess N/A Some concerns Probably yes
Blackmon 2024 Some concerns Low risk Some concerns Probably no
Boivin 2017 unable to assess Low risk Low risk No
Boivin 2021 unable to assess low risk low risk probably yes
Bornman 2010 unable to assess N/A Low risk no
Bornman 2010 unable to assess N/A low risk no
Brinkman 2017 some concerns Low risk unable to assess | probably yes
Caldera 2023 unable to assess N/A unable to assess | Yes
Chen 2017 unable to assess N/A some concerns yes
Chunsuwan 2016 unable to assess N/A unable to assess | probably no
Colbert 2020 low risk low risk unable to assess | probably yes
Colbert 2021 unable to assess low risk Low risk No information
Cordero, 2019 unable to assess N/A unable to assess Yes
Dagvadorj 2015 unable to assess N/A Low risk Probably no
Danigman 2016 unable to assess N/A high risk no
de Albuquerque 2018 unable to assess N/A Low risk probably yes
de Albuquerque 2022 unable to assess N/A Low risk probably yes
Dias 2011 unable to assess N/A low risk Probably yes
Dursun 2020 unable to assess low risk Some concerns probably no
Enelamah 2024 Unable to assess N/A Low risk Yes
Familiar-Lopez 2022 unable to assess Some concerns Some concerns No
Fernandes 2022 unable to assess low risk low risk probably yes
Filgueiras 2013 unable to assess N/A unable to assess | probably yes
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4 First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
5 administration reporting to missing data generalizable?
6 Finch 2018 low risk Low risk low risk probably no
; Gladstone 2010 unable to assess low risk some concerns Probably yes
9 Golmohammadi 2022 unable to assess Low risk low risk probably no
10 Gomez 2022 unable to assess Low risk Low risk Probably yes
1 Guedes 2011 unable to assess low risk unable to assess | probably no
1; Guo 2009 unable to assess N/A unable to assess | Probably yes
14 Hahn 2009 unable to assess N/A high risk probably yes
15 Halpin 2019 unable to assess N/A unable to assess yes

16 Halpin 2024 Low risk Low risk Some concerns Yes

1; Hamadani 2010 low risk low risk high risk probably yes
19 Hamadani 2013 unable to assess low risk low risk Probably yes
20 Hanlon 2016 Some concerns Some concerns Low risk Probably no
21 Hao 2008 unable to assess low risk unable to assess | no

;g Hilburn 2011 low risk N/A unable to assess | Probably yes
24 Hsiao 2016 some concerns low risk low risk probably yes
25 Hua 2013 unable to assess N/A Some concerns probably yes
26 Jackson-Maldonado 2013 | unable to assess low risk Low risk Yes

27 Jeong 2025 Low risk Low risk Low risk Probably yes
28 Jianduan 2009 unable to assess N/A unable to assess | probably yes
29 Karabekiroglu 2009 unable to assess N/A low risk no

2(1) Kariuki 2016 Some concerns Low risk Some concerns Probably yes
32 Khan 2010 unable to assess Some concerns low risk Probably no
33 Khan 2013 unable to assess N/A unable to assess | probably yes
34 Knauer 2019 unable to assess low risk some concerns probably yes
35 Koshy 2024 Low risk Low risk Low risk Probably no
g? Koura 2013 low risk unable to assess | unable to assess | probably no
38 Kucuker 2011 unable to assess N/A some concerns Probably yes
39 Kumar 2016 unable to assess some concerns low risk probably no
40 Kvestad 2013 Low risk N/A some concerns Probably yes
41 Kvestad 2023 low risk low risk some concerns probably no
2; Lacunza 2009 unable to assess N/A unable to assess | probably no
44 Lara Diaz 2011 unable to assess low risk Low risk Probably yes
45 Leppénen 2022 unable to assess low risk high risk probably no
46 Li2016 unable to assess Low risk Some concerns No

2; Li 2020 unable to assess unable to assess | low risk probably yes
49 Liu 2011 unable to assess N/A Some concerns probably yes
50 Lohaus 2014 unable to assess Low risk Some concerns No

51 Lopez Boo 2020 Some concerns low risk some concerns probably yes
52 Madaschi 2016 unable to assess N/A Some concerns probably yes
gi Manandhar 2016 low risk N/A unable to assess | probably no
55 McCarthy 2012 low risk N/A unable to assess | probably yes
56 McCoy 2017 Low risk low risk low risk yes

57
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BMJ Open
First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
administration reporting to missing data generalizable?
McCoy 2018 unable to assess low risk low risk yes
McCray 2023 unable to assess N/A Low risk Probably yes
McHenry 2021 low risk low risk some concerns Probably no
Mehrani 2018 unable to assess N/A Low risk Probably no
Meyer 2011 unable to assess N/A unable to assess | Probably no
Milosavljevic 2019 low risk low risk some concerns no
Mukherjee 2020 unable to assess N/A low risk No
Mukherjee 2022 unable to assess N/A low risk probably yes
Nair 2009 unable to assess N/A unable to assess | probably yes
Nair 2012 unable to assess N/A unable to assess | probably yes
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Nampijja 2010 unable to assess low risk low risk probably no
Ngoun 2012 unable to assess N/A unable to assess | yes
Obradovic 2019 unable to assess Low risk low risk probably yes
Okuda 2020 unable to assess N/A unable to assess | probably yes
Ortiz-Leon 2018 unable to assess N/A some concerns probably no
Oryadi-Zanjani 2020 some concerns N/A low risk probably yes
Parveen 2014 unable to assess N/A N/A no
Pathak 2023 unable to assess N/A low risk probably no
Pendergast 2018 low risk N/A Some concerns yes
Pham 2017 unable to assess low risk low risk probably no
Pisani 2018 unable to assess low risk unable to assess | yes
Pisani 2022 unable to assess low risk some concerns probably yes
Pitchik 2023 low risk low risk low risk probably yes
Prado 2018 Low risk Low risk low risk No
Prathanee 2008 low risk N/A low risk probably yes
Puglisi 2020 Some concerns N/A low risk Probably yes
Ranjitkar 2018 low risk low risk low risk probably yes
Rasheed 2017 some concerns N/A unable to assess | probably no
Rasheed 2018 low risk Low risk unable to assess | probably yes
Rasheed 2023 unable to assess Low risk unable to assess | no information
Razak 2010 unable to assess N/A low risk probably no
Rodriguez 2020 low risk unable to assess | unable to assess | probably yes
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First author & year RISI:r(:afill:il:; g?e ° dlf{el il(: ;):l:;?isve Risk 0 f.b ias due Are l't.BSllltS
administration reporting to missing data generalizable?
Romero 2013 unable to assess N/A unable to assess | Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk low risk Probably yes
Rubio-Codina 2016 low risk Low risk Some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk Some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 unable to assess Low risk some concerns Probably yes
Rubio-Codina 2020 low risk Low risk some concerns Probably yes
Saccani 2016 low risk N/A unable to assess | yes
Sallum 2017 unable to assess low risk some concerns probably yes
Samarakkody 2010 unable to assess N/A unable to assess | yes
Sanchez-Vincitore 2019 low risk Low risk low risk probably no
Scherzer 2009 unable to assess N/A unable to assess | probably yes
Shah 2013 unable to assess n/a unable to assess no
Shaoli 2019 unable to assess n/a low risk probably yes
Shrestha 2019 some concerns low risk some concerns probably no
Shrestha 2024 Low risk Low risk Some concerns Probably no
Siegle 2018 unable to assess N/A some concerns probably no
Sincovich 2019 unable to assess N/A some concerns probably no
Snelling 2019 unable to assess N/A some concerns probably yes
Soleimani 2007 low risk N/A Some concerns no information
Soleymani 2016 unable to assess N/A Low risk No
Soysal 2014 unable to assess some concerns some concerns no
Thompson 2015 low risk unable to assess | unable to assess | probably no
Toor 2022 unable to assess Low risk some concerns No
Uyanik 2014 unable to assess N/A Some concerns Probably no
Valentini 2012 unable to assess Low risk unable to assess | Probably no
Vameghi 2013 unable to assess N/A high risk probably no
van der Linde 2015 unable to assess low risk low risk probably no
van Heerden 2017 low risk N/A unable to assess | no
Venancio 2020 unable to assess N/A Some concerns Probably yes
Venter 2015 unable to assess N/A high risk probably no
Waechter 2022 low risk N/A unable to assess | probably yes
Waldman 2021 unable to assess Some concerns Low risk Probably yes
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: Risk of bias due to | Risk of bias | g, ¢ piag due Are results
First author & year training or due to selective e 3
- A . to missing data generalizable?
administration reporting
Washington 2017 unable to assess Low risk Some concerns No
Weber 2018 unable to assess low risk some concerns probably yes
Wijedasa 2012 low risk N/A low risk yes
Willoughby 2019 (Child | low risk low risk low risk probably yes
Neuropsych)
Willoughby 2019 (Dev Low risk Low risk Some concerns Probably yes
Science)
Wolf 2017 Some concerns low risk unable to assess no
Wu 2019 (JPA) unable to assess n/a unable to assess | Probably yes
Wu 2019 (PS) unable to assess Low risk low risk probably yes
Xie 2017 low risk N/A some concerns no
Xie 2019 (Early Educ & unable to assess N/A Some concerns Probably no
Dev)
Xie 2019 (Journal of unable to assess N/A some concerns probably yes
Child & Dev Studies)
Yibeltal 2025 Low risk Low risk Low risk Probably no
Yuan 2022 low risk low risk low risk probably yes
Yue 2019 low risk unable to assess | low risk yes
Yunilda 2022 unable to assess unable to assess | low risk probably no
Zakaria 2012 unable to assess N/A unable to assess | no
Zhang 2018 unable to assess N/A some concerns Probably no
Zhang 2021 unable to assess n/a unable to assess | Probably yes
Zirakashvili 2018 unable to assess Some concerns Some concerns Probably yes
62
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