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Abstract
This study compared different approaches for monitoring progress towards Sustain-
able Development Goal Target 4.2, which focuses on the proportion of children who 
are developmentally on track. UNICEF’s Early Childhood Development Index 2030 
(ECDI2030), a parent report measure, was compared with a corresponding direct 
assessment measure using a sample of children aged 3 and 5 (N = 309; 154 girls) in 
China at two time points. In the second wave, the study also investigated the cor-
relations and agreement between the ECDI2030 and a teacher report measure for 
children’s development. Although Cronbach’s alpha indicated that both adult report 
measures had lower reliability, McDonald’s omega showed comparable reliability 
among the three measures when the assumption of tau-equivalence was relaxed. 
Moreover, both adult report measures tended to overestimate children’s develop-
mental levels, and were less effective in capturing the development of older children 
compared to the direct assessment measure. The correlations between parent report 
and direct assessment were significant for both girls and boys, urban children, and 
children from higher socioeconomic quartiles in both waves. Parents’ education 
levels did not substantially moderate the correlations. Moreover, parent report may 
not predict children’s development as effectively as direct assessment. Compared to 
parent report, teacher report was less effective in differentiating children’s develop-
ment across socioeconomic status and urbanicity. Parent and teacher judgements 
were more consistent on children’s early learning competencies than on children’s 
motor and psychosocial skills. Implications of the findings for population-based 
measurement of early childhood development are discussed.
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1  Introduction

The early years, a critical period of development and a foundation for individual 
well-being, have been increasingly given global recognition. This is evident in the 
inclusion of an early childhood development (ECD) target, Target 4.2, in the UN 
Sustainable Development Goals (SDGs) (United Nations, 2015). This target, to be 
achieved by 2030, aims to ensure quality ECD, care, and education for all children. 
Two indicators are used to measure progress towards this target. The first indicator, 
SDG Target Indicator 4.2.1, measures the “proportion of children aged 24–59 months 
who are developmentally on track in health, learning, and psychosocial well-being, 
by sex”. The other indicator, Indicator 4.2.2, focuses on children’s participation rate 
in organised learning one year before primary school.

UNICEF, as the custodian agency for SDG Target Indicator 4.2.1, developed 
the Early Childhood Development Index 2030 (ECDI2030) to determine whether 
children aged 2 to under 5 years are “developmentally on track” (UNICEF, 2023). 
The ECDI2030 is a parent report (PR) measure which asks caregivers 20 questions 
about their child’s development in the domains of Health, Learning, and Psychoso-
cial Well-being. To be developmentally on track, children are expected to achieve at 
least seven, nine, 11, 13, and 15 milestones at ages 24 to 29 months, 30 to 35 months, 
36 to 41 months, 42 to 47 months, and 48 to 59 months, respectively (UNICEF, 
2023). The development of the ECDI2030 has involved extensive methodological 
work in more than 30 countries since 2016 (UNICEF, 2023). In field testing, items 
were piloted and screened based on their difficulty level and ability to discriminate 
competencies (UNICEF, 2023). Cognitive testing was also conducted to ensure items 
can be interpreted and understood in a comparable way by caregivers across cultural 
and linguistic backgrounds (Cappa et al., 2021). The ECDI2030 has demonstrated 
satisfactory reliability and validity (Halpin et al., 2024).

Nevertheless, some concerns have been raised regarding the ECDI2030’s reli-
ance on PR for data collection at the population level (Fernald et al., 2017; Raikes, 
2017). These concerns include potential biases in parental judgment, such as con-
firmation bias, halo effect, and overestimations (Callan Stoiber, 1992; Fluck et al., 
2005; Muntoni & Retelsdorf, 2019); the influence of parents’ expectations and beliefs 
on the judgment of children’s development, which varies by social-cultural contexts 
(Cintas, 1995; Phillipson & Phillipson, 2007); and whether PR alone can provide a 
comprehensive understanding of children’s developmental status. Given these con-
cerns, validating the ECDI2030 by comparing it with criterion measures or triangu-
lating it with other information sources is necessary.

However, there is limited evidence regarding the associations between findings 
obtained through the administration of the ECDI2030 items and those obtained 
through different approaches assessing the same items. Therefore, this study 
addressed the existing literature gap by comparing different approaches for mea-
suring children’s development using the ECDI2030 items. Furthermore, although 
ECDI2030 is designed to monitor countries’ progress towards the SDG Target, it has 
not been used to measure developmental changes within children over time. Hence, 
a longitudinal study was conducted to explore the effectiveness of the ECDI2030 in 
monitoring children’s development by correlating developmental changes measured 
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by different assessment approaches. The findings hold significant implications for 
future research and practice in selecting assessment approaches for measuring ECD 
at the population level.

1.1  Comparing Different Assessment Approaches to population-based 
Measurement of ECD

Progress towards SDG Target 4.2 necessitates collecting population-level data on 
child outcomes. Given the extent of the inequalities in global access to pre-primary 
education and the varying quality of services received by sub-groups of children 
within a country (UNESCO, 2022), population-based data on ECD can facilitate 
regional and global policy formation (McCoy et al., 2018) and help inform chil-
dren’s development across different sociodemographic backgrounds. Although data 
on child growth (e.g., height and weight) are routinely collected to document young 
children’s nutritional and health status at the population level (de Onis & Blössner, 
2003), achieving consensus on measures to track their development and learning 
remains a challenge (Raikes, 2017). The ECDI2030 was developed to provide a uni-
fied framework to monitor the global progress towards SDG Target 4.2. As a PR 
measure, it is easy to use at scale and can efficiently collect population-level data 
within existing household survey programs (e.g., Multiple Indicator Cluster Surveys 
and Demographic and Health Surveys).

Nevertheless, all assessment approaches have strengths and limitations. This study 
examined the methodological issues associated with using PR to measure children’s 
developmental status by comparing the results with direct assessment (DA) and 
teacher report (TR). For DA, children were administered standardised tasks or activi-
ties by a trained assessor in individual sessions (Sabanathan et al., 2015). This is con-
sidered a standard approach for gauging children’s “true” abilities and can be used 
to validate PR (Fernald et al., 2017). Comparing the ECDI2030 with a correspond-
ing DA measure can help determine the sensitivity and accuracy of the ECDI2030 
in gauging children’s abilities across populations. However, DA can be prohibitive 
at the population level because of its high cost and resource-intensiveness, requir-
ing trained assessors, specific assessment materials, and translated tools (Fernald et 
al., 2017). Moreover, DA may lack ecological validity when attempting to under-
stand how children behave in real-life situations (Mccabe et al., 2000). For instance, 
children can exhibit executive function or self-regulation skills differently during 
standardised tasks compared to that observed by parents or teachers in the daily envi-
ronment (Obradović et al., 2018). In such cases, multiple methods may be necessary 
to comprehensively understand children’s holistic development.

Both PR and TR are examples of adult report (AR) measures, in which adults 
familiar with the children are asked questions to obtain information about the chil-
dren’s development. Using AR measures in large-scale assessments is feasible 
because it does not require extensive training to score and interpret the items (Lin 
et al., 2021; Snow & Van Hemel, 2008). Specifically, TR uses a frame of reference 
to assess a child’s abilities relative to his or her peers (Martínez et al., 2009; Meis-
sel et al., 2017; Ready & Wright, 2011), which potentially provides a more accurate 
prediction of early academic outcomes compared to PR (Blair & Razza, 2007; von 
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Suchodoletz et al., 2015). However, the accuracy and reliability of AR measures can 
be influenced by adult characteristics (e.g., education level) (Mashburn & Henry, 
2004), psychological factors (e.g., maternal depressive symptoms and teacher’s self-
efficacy) (Alderman et al., 2021; Furnari et al., 2017), the availability and observ-
ability of clues for adults to make judgments (Bodnarchuk & Eaton, 2004), and how 
adults interpret and attribute the causes of their child’s behaviours (De Los Reyes & 
Kazdin, 2005).

Given the strengths and limitations of different assessment approaches in measur-
ing children’s development, choosing the optimal assessment method for children’s 
population-based outcomes poses challenges. One way to shed light on this mat-
ter is to examine the correlations among different approaches. Such comparison can 
help researchers and practitioners make informed decisions about which assessment 
methods to utilise in various contexts. The following sections discuss how the corre-
lations between PR and DA can vary across populations and how PR and TR provide 
different information regarding children’s development.

1.2  Comparing PR and DA Across Populations and Over Time

Numerous studies have compared PR and DA for measuring young children’s learn-
ing and developmental competencies or for screening children’s social-emotional 
or behavioural problems. These studies have identified biases in PR such as recall 
and social desirability biases (Bornstein et al., 2020). Some studies suggested that 
these biases can arise from differences in the sociodemographic background of 
children (Bennetts et al., 2016; Johnson et al., 2004). Examining potential biases 
across sub-groups is crucial for interpreting assessment outcomes relevant to specific 
populations. If undetected, differences in the assessment outcomes that are system-
atic across populations could lead to biased collection, misuse, or misinterpreta-
tion of data, which can be particularly detrimental when the data are used to inform 
policy-making.

Notably, PR findings can vary systematically by children’s age and sex. For exam-
ple, PR could be reliable in providing information on infants’ gross motor devel-
opment, as parents perceive such skill acquisitions as important signs of children’s 
“typical development” (Bodnarchuk & Eaton, 2004). As children mature, parents 
may find it easier to observe and recollect cognitive and social skills acquired as chil-
dren become more capable of manifesting these abilities in the environment (Snow 
& Van Hemel, 2008). Child sex also influences the PR of children’s developmen-
tal outcomes. Gender stereotypes of parents related to children’s reading and maths 
skills were shown to correlate with parents’ beliefs in these abilities (Jacobs, 1991; 
Muntoni & Retelsdorf, 2019). Moreover, adults may overestimate the prevalence of 
behaviour problems in boys compared to girls (Chen, 2010; Walker, 2004).

Parents’ socioeconomic status (SES) has been shown to be associated with their 
judgment of children’s development, and parents’ education plays an important role. 
Parents’ education levels and accessibility to written materials were found to be posi-
tively associated with maternal knowledge (Benasich & Brooks-Gunn, 1996; Born-
stein et al., 2010). Parents with more parenting knowledge were more likely to have 
appropriate expectations regarding their children’s skill acquisition and developmen-
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tal milestones (Stoiber & Houghton, 1993), thereby facilitating their judgment of 
their children’s development. Parents’ education and family income were also found 
to relate to the home learning environment of the children (Hart et al., 2016). Parents 
with a higher SES have more resources and provide more intellectually stimulating 
home activities for children than low SES parents (Kalil & Ryan, 2020; Rao et al., 
2021), hence, the former can have more opportunities to observe specific skills in 
their children. Such experiences were found to influence parents’ understanding and 
confidence when evaluating children’s fine-grained skills (Zippert & Ramani, 2017). 
Lastly, it has been suggested that parents with high educational levels are more capa-
ble of comprehending survey questions (Dinnebeil et al., 2013), which can contribute 
to the increased accuracy of PR.

Conversely, some studies found no significant associations between parents’ edu-
cation level and the reliability of the evaluations (Alderman et al., 2021; Bedore et al., 
2011). Likewise, Rao et al. (2021) observed only a marginally significant difference 
in the agreement between DA and PR for assessing children’s developmental status in 
individuals with an “above secondary” education level compared to those with “sec-
ondary education or lower”. These inconsistent findings suggest other explanations 
for the relation between parents’ education level and the reliability of their reports. 
One possibility is that variations in parents’ education levels may not be associated 
with the accuracy of the report of their children’s developmental milestones when the 
overall variance in education levels of parents within a population is low, and there is 
not much difference in the children’s attainment of a particular milestone. Addition-
ally, there could be a non-linear relationship between parents’ education level and 
report accuracy. Considering the mixed findings from previous literature, this study 
investigated differences in the correlations between DA and PR across different popu-
lations, specifically focusing on family SES.

In addition to examining differences in the correlations across groups, this study 
also compared the sensitivity of PR and DA in measuring children’s developmen-
tal growth over time. Monitoring children’s developmental status requires measures 
that can consistently predict children’s development across various groups. Although 
previous studies have demonstrated PR’s predictive power in measuring children’s 
development (Feldman et al., 2005; Rubio-Codina & Grantham-Mcgregor, 2020; 
Stone et al., 2010), less attention has been paid to comparing between PR and DA in 
capturing children’s growth across populations. To provide insights into this issue, 
the current study measured children’s outcomes at two time points using both PR 
and DA to compare their predictive power and their consistency in measuring gains 
in children’s development over time. Longitudinal comparisons between DA and 
AR can enhance our understanding of the trade-offs when choosing the assessment 
method for monitoring young children’s development at the population level.

1.3  Comparing Between PR and TR

Home and school are two proximal environments that have significant influences 
on child development, as highlighted in Bronfenbrenner’s ecological systems theory 
(1979). When assessing child development, it is important to consider reports from 
both parents and teachers, as they provide unique perspectives and represent differ-
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ent contexts of children’s behaviours, performance, and development (De Los Reyes 
et al., 2015; Bergold et al., 2019). Cross-informant discrepancies between teachers 
and parents have been observed in measuring children’s problem behaviours, social-
emotional skills, psychosocial problems, and approaches to learning, with these 
discrepancies often attributed to the situational specificity of children’s behaviours 
across different settings (Berg-Nielsen et al., 2012; Bergold et al., 2019; Li et al., 
2019; Winsler & Wallace, 2002).

Extant findings have mainly focused on children’s non-cognitive or social-emo-
tional competencies, which are more subject to contextual variations upon assess-
ment (Jones et al., 2016). Less evidence is available regarding the agreement between 
parents and teachers when measuring children’s development in other domains. The 
ECDI2030, which covers domains of Health, Learning, and Psychosocial well-being, 
is a valuable resource for comparing teachers’ and parents’ perceptions across these 
domains. For example, in the learning domain, it is possible that children’s learning 
competencies are exhibited more consistently across school and home environments, 
leading to a higher concordance between TR and PR. On the other hand, it is also 
plausible that teachers and parents possess discrepant knowledge about children’s 
development, particularly if their judgments are based on different types of learning 
activities and interactions with children in the home and school environments.

In the ECDI2030, interpretation is based on the total score of 20 items across the 
three domains; hence, comparing TR and PR at the domain level may be inappropri-
ate (Halpin et al., 2024). In this study, we calculated the agreement between two AR 
measures at the item level to investigate whether agreements differed across domains. 
These insights can contribute to a more comprehensive understanding of the consis-
tency and variation of perceptions between teachers and parents regarding children’s 
development in different contexts.

1.4  Methodological Considerations when Comparing Different Approaches

Understanding the associations among different assessment methods requires con-
sidering the alignment between assessment contexts, including assessment content, 
question/item formulation, and scoring. Without considering the degree of corre-
spondence across assessments, interpreting the results generated by these different 
approaches would be challenging. The concordance between different approaches 
can vary depending on the assessment content. For example, there was a lower corre-
lation between DA and AR when measuring children’s social-emotional development 
and behavioural problems compared to learning competencies or overall develop-
mental status (Bergold et al., 2019; Pushparatnam et al., 2021; Waldman et al., 2021). 
Variations in the correlations between PR and TR were also present when measuring 
different subskills within the same domain (Li et al., 2019; Massa et al., 2008). Fur-
thermore, characteristics, such as the wording of the question, response format, and 
scoring rubrics, can also affect adults’ judgment accuracy (Hoge & Coladarci, 1989). 
Considering the assessment context, the current study investigated the correlations 
among PR, DA, and TR using matched items, comparable response formats, and 
consistent scoring rules. This approach ensures the assessments are aligned and can 
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better reveal the similarities and differences in children’s outcomes measured across 
PR, DA, and TR.

2  The Current Study

This study investigated the psychometric robustness and contextual appropriateness 
of the ECDI2030 for monitoring progress towards SDG Target Indicator 4.2.1 in 
China. To achieve this, the ECDI2030 was compared with corresponding DA and TR 
measures. As a middle-income country with a relatively high enrolment rate of young 
children in preschool, China has been effectively monitoring the nation’s progress 
towards SDG Target Indicator 4.2.2, which focuses on the proportion of children 
participating in organised learning before primary school. The Ministry of Educa-
tion (MoE) collects annual administrative data on the gross enrolment rate (GER) of 
young children in preschool, which reached 89.7% in 2022 (Ministry of Education, 
2023). However, there remains a lack of nationally representative data on children’s 
developmental status to inform Early Childhood Care and Education (ECCE) poli-
cies (Li & Rao, 2023), which is an issue not specific to China (UNICEF & UNESCO, 
2024).

Data on children’s developmental status are helpful in evaluating whether ECCE 
provisions are effective in mitigating children’s developmental gaps across popula-
tions. Studies have shown there are developmental inequalities across regions, urban-
icity, and family SES (Rao et al., 2022; Su et al., 2021; Wang et al., 2022), which are 
linked to young children’s differences in ECCE experiences.

On the one hand, urban-rural gaps in ECCE exist in various areas, such as higher 
ECCE quality, earlier starts, and more stable parental support and public funding 
available to urban children (Hu et al., 2016). In contrast, ECCE services in rural areas 
face challenges including lower quality, inadequate allocation of human and mate-
rial resources, as well as lacking supervision and evaluation (Hong et al., 2015; Jin, 
2008). Positive associations between structural quality (e.g., teacher qualification and 
teacher-child ratio) and process quality (e.g., teacher-child interaction) in ECCE and 
ECD have been found in China (Li et al., 2016; Wang et al., 2020).

On the other hand, rapid urbanisation and increased nationwide rural-to-urban 
mobility have raised concerns about the potential effect of parental migration on 
young children’s participation in quality ECCE in urban areas. Specifically, due 
to place-based public resource distribution and management systems (Wen & Lin, 
2012), migrant children (i.e., rural children who have moved to cities with their 
families) without urban household registration (Hukou) are unable to access pub-
lic services and education in urban areas (Chen & Feng, 2013). Thus, they are less 
likely to receive a high-quality education in urban China. Moreover, low access to 
high-quality ECCE programs and unfavourable family environments are likely to 
occur concurrently for children living in socially disadvantaged conditions. Using 
the China Family Panel Studies data, studies have found that parental migration was 
negatively associated with children’s ECCE participation as well as home environ-
ment quality (Gong & Rao, 2023; Xie et al., 2021).
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To evaluate China’s progress towards SDG Target 4.2, it is crucial to track chil-
dren’s developmental status to provide evidence of disparities in early development 
and inform policies to promote social justice. Although previous research has exam-
ined ECD in the Chinese context to inform policy, there has been limited system-
atic investigation of methodological issues in generating child outcome data at the 
population level. Given the large number of young children in China, adopting AR is 
more practicable than DA for measuring child development at the population level. 
Moreover, PR via electronic surveys is scalable due to the national high literacy rate 
and high internet penetration. Additionally, TR is another viable approach to moni-
tor child development, considering the high preschool enrolment rate. Contextualis-
ing the measurement of SDG Target Indicator 4.2.1, this study compared different 
approaches for measuring children’s developmental status in China. The findings can 
contribute to recommendations for psychometrically robust methods and indicators 
for the measurement of early development at the population level in China.

This study aims to examine the reliability and criterion validity of the ECDI2030 
in measuring children’s developmental status by comparing it with two correspond-
ing measures (i.e., direct assessment and teacher report) in the Chinese context and 
to investigate whether the correlations among PR, DA, and TR would differ across 
children’s sociodemographic background. There are four research questions: (1) Are 
there differences in the reliability and validity of DA, PR, and TR for measuring 
children’s developmental status in the current sample? (2) What are the correla-
tions between PR and DA for measuring children’s development and developmental 
growth across child age, sex, urbanicity, SES, and parents’ education levels? (3) What 
are the correlations among PR, TR, and DA across child age, sex, urbanicity, SES, 
and parents’ education levels? and (4) Does the agreement between PR and TR vary 
across items in the Health, Learning, and Psychosocial Well-being domains? Data 
were collected on children’s developmental status repeatedly using the ECDI2030 
and a DA measure at two time points. Additionally, at Wave 2, TR data were collected 
and compared with ECDI2030.

3  Method

3.1  Study Setting

Data in the current study were collected from Beijing and Hebei Province in China 
between 2021 and 2022. Beijing is more economically and educationally advantaged 
than Hebei. According to the Seventh National Population Census in 2020, Beijing 
had the highest gross domestic product (GDP) per capita (¥164,900) in China, which 
was nearly 3.4 times that of Hebei Province. In terms of education, more than 42.9% 
(9.19 million) of Beijing’s total population held at least a college diploma, whereas 
the corresponding figure for Hebei was 7% (5.24 million) (Beijing Municipal Bureau 
of Statistics, 2022; Hebei Provincial Bureau of Statistics, 2022).
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3.2  Measures and Scoring

3.2.1  PR–ECDI2030

The ECDI2030 was used to assess children’s overall developmental status. Specifi-
cally, the items in the ECDI2030 cover three domains of children’s development: 
Health, Learning, and Psychosocial Well-being. Items 1 to 4 assess children’s health, 
including gross and fine motor skills (e.g., Can (name) dress himself/herself, that is, 
put on pants and shirt without help? ). Items 5 to 15 assess children’s learning capa-
bilities, including expressive language, literacy, prewriting, numeracy, and executive 
functioning (e.g., Can (name) say at least 10 or more words like ‘Mama’ or ‘ball’?). 
Items 16 to 20 assess children’s psychosocial well-being, including social skills, 
helpfulness, and internalising and externalising behaviours (e.g., Does (name) get 
along well with other children? ).

All ECDI2030 item responses are “Yes”, “No”, and “Don’t know”, except for 
items 19 and 20 that require a frequency response. Responses for item 19, “How often 
does the child seem to be very sad or depressed?” were “Daily”, “Week”, “Monthly”, 
“A few times a year”, and “never”. Reponses for item 20, “How much does the child 
kick, bite or hit other children”, were “Not at all”, “Less”, “The same”, “More”, and 
“A lot more”. The scoring in the ECDI2030 followed the UNICEF guidelines. A 
response of “Yes” was scored as “1”, “No” was scored as “0”, and “Don’t Know” was 
scored as “0” (UNICEF, 2023). For item 19, a score of “0” was given if the child was 
reported to be “very sad or depressed daily”. For item 20, a score of “1” was given if 
the child did not engage in kicking, biting, or hitting other children at all, or if their 
frequency of such behaviours was the same or less compared to their peers. Each item 
was individually assigned a binary score, and the mean score was calculated across 
all 20 items for each child, giving a continuous score ranging from 0 to 1.

Recognising the potential bias introduced by coding “Don’t Know” responses 
as “0”, we explored an alternative approach. In this study, we recoded the “Don’t 
Know” responses as missing values. This allowed us to use pairwise deletions when 
calculating children’s mean scores rather than scoring them as “0”. Moreover, we 
examined the agreement between TR and PR at the item level under two scenarios: 
recoding “Don’t Know” responses as “0” and retaining them as “Don’t Know”. This 
analysis enabled us to assess the impact of scoring “Don’t Know” responses on the 
consensus between TR and PR.

3.2.2  TR–ECDI2030

The TR measure used the same 20 items as in the ECDI2030, except for item 16. In 
the PR measure, item 16 asked parents, “Does (name) ask about familiar people other 
than parents when they are not there, for example, ‘Where is Grandma?’”. To make 
this item relevant to a preschool context, it was reframed in the TR version as “Does 
the child ask about his/ her friends when they are not at school, for example, ‘Where 
is John?’ Or ‘Where is Anna?’”. The scoring guidelines for the TR version were iden-
tical to that of the PR version. Each item was coded as “0” or “1”, and a total score 
was calculated as the mean score across the 20 items for each child.
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3.2.3  DA–Early Childhood Development Assessment Scale (ECDAS) (iPad)

The Early Childhood Development Assessment Scale (ECDAS) was originally 
developed based on a pool of items from ECDI. The scale was designed to assess 
the Health, Learning and Psychosocial well-being of children aged 3 to 5 years (Rao 
et al., 2022). The ECDAS has been implemented in Bangladesh, China, India, and 
Myanmar. The scores are significantly related to children’s sociodemographic fac-
tors (Rao et al., 2022). Moreover, Confirmatory Factor Analysis found ECDAS had 
acceptable reliability when measuring child development at the domain level (Rich-
ards et al., 2023).

In this study, we developed an iPad version of ECDAS, which incorporated the 
corresponding 20 items from the ECDI2030. During the DA session, trained assessors 
utilised iPads to administer ECDAS to the children. For example, when evaluating 
children’s ability to name objects, various pictures of common objects were displayed 
on the iPad and the child was asked to name them in the given order. Some tasks 
were designed to assess children’s development across multiple ECDI2030 items. 
For example, children’s performance in expressive language skills, which involved 
saying different words and sentences, was evaluated through a storytelling task. The 
assessors scored the items based on the number of words and sentences used by the 
child during the task. In cases where it was challenging to implement the items on 
an iPad (e.g., Can (name) walk on an uneven surface, for example, a bumpy or steep 
road, without falling? ), standardised one-on-one tasks were employed. These tasks 
utilised specially prepared physical test materials to assess the children’s abilities.

To capture a broader range of children’s capabilities, sub-items were devised 
within the ECDAS (iPad) items. For example, one of the ECDI2030 items asked par-
ents whether their child can recognise at least five Chinese characters. In the ECDAS 
(iPad), children were rated on their abilities to recognise three Chinese characters 
as well as five Chinese characters, and the scores were calculated by averaging the 
scores across these two sub-items.

Scores for each directly assessed item (“No” = “0”, “Yes” = “1”, or “Reject”) were 
recorded by the assessors and uploaded automatically through an iPad. When a child 
refused to give an answer, the “Reject” response was recorded by the assessor and 
retained for further analysis. All items were scaled from 0 to 1 despite the number of 
sub-items, and a total score for the DA was calculated as the mean score across the 20 
items. The scale and length of PR and DA were the same, except that the DA aimed to 
capture more variability in children’s development. Table 1 provides exemplar items 
and response formats for the PR, DA, and TR items of the ECDI2030.

3.3  Procedure

The first wave of data collection took place between May and August 2021, targeting 
children between the ages of 3 and 4. The sampling process involved stratification 
based on age, sex, and urbanicity. Urban children were selected from kindergartens in 
Beijing, whereas their rural counterparts were sampled from kindergartens in Hebei 
Province. Prior to data collection, written informed consent was obtained from both 
kindergarten principals and parents. A local assessment team consisting of university 
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students majoring in Early Childhood Education (ECE) was responsible for conduct-
ing the data collection. To ensure consistency and reliability, the research team pro-
vided training to the assessors via Zoom on how to use the measures. The inter-rater 
consistency was also examined.

During the first wave, children were assessed by ECDAS (iPad), and their parents 
were asked to rate their children’s behaviours on the ECDI2030 items. Sociodemo-
graphic information, including child age, sex, residence (urban or rural area), maternal 
and paternal education levels, maternal and paternal occupations, and annual family 
income, was collected through parent questionnaires. Both the ECDI2030 survey and 
parent questionnaires were distributed through an online platform. At this stage, a TR 
measure was developed and piloted on kindergarten teachers in these districts.

As-
sess-
ment 
names

Assessment 
domains

Exemplar items/sub-items Response 
Formats

ECDI2030
(Same 
items 
for PR 
and 
TR)

Health ECD3. Can (name) dress 
(him/herself), that is, put 
on pants and a shirt without 
help?

Yes/No

Learning ECD6. Can (name) speak 
using sentences of three or 
more words

Yes/No

Psychosocial 
well-being

ECD19. How often does 
(name) seem to be very sad 
or depressed?

Daily/
Weekly/
Monthly/A 
few times 
a year/
Never
/Don’t 
know

ECDAS (iPad)
(DA)

Health
(Through 
standardised 
task)

ECD3.1 Put on a T-shirt Yes/No

ECD3.2 Put on shorts Yes/No
Learning
(Through 
iPad)

ECD6.1 Says at least one 
sentence with three or more 
words

Yes/No

ECD6.2 Says at least two 
sentences with three or more 
words

Yes/No

ECD6.3 Says at least three 
sentences with three or more 
words

Yes/No

Psychosocial 
well-being
(Through 
iPad)

ECD19. Resonate himself/
herself with being a happy 
child

Yes/No

Table 1  Corresponding exem-
plar items of measures
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The second wave of data collection took place a year later, between April and Sep-
tember 2022. Researchers conducted follow-up assessments with the same children 
who participated in the first wave. Similarly, children completed the ECDAS (iPad) 
measure and parents completed the ECDI2030 items relating to their child’s develop-
ment. In this wave, kindergarten teachers of the same children completed the devel-
oped TR survey. Teachers were also asked to fill out a background questionnaire for 
information on their age, sex, position, education level, and professional experience 
as early childhood educators.

3.4  Sample

In Wave 1, 447 children between the ages of 3 and 4 had both DA and PR data. In 
Wave 2, 365 children had DA data and 333 had PR data. Sample attrition for the 
DA data was not significantly related to child age, sex, urbanicity, or family income. 
However, in Wave 2, parents of urban children and those from higher-income fami-
lies were more likely to complete the parent survey.

A final sample of 309 children (154 girls) aged 3 to 5 with data from both waves 
were used in the analysis. The average age of children in Wave 1 was 49.66 months 
(SD = 5.50) and in Wave 2 was 62.31 months (SD = 5.69). A total of 79 teachers com-
pleted the TR in Wave 2, and on average, each teacher rated 6.87 children. Impor-
tantly, the TR data were only collected in the second wave.

A small percentage of children were over the age of 4 in Wave 1 (0.01%) and were 
included in the 4-year-old group. Similarly, a few children were over the age of 5 in 
Wave 2 (0.02%) and were included in the 5-year-old group. However, these children 
were not included in the longitudinal analysis, which focused exclusively on children 
who were 3 years old in Wave 1 and 4 years old in Wave 2.

In this study, 90.44% of the PR respondents were mothers. Family SES index was 
calculated from the principal component analysis of family income, parents’ educa-
tion level, and parents’ occupation in Wave 1, which was also used in the subsequent 
analyses. Analysis of maternal education levels revealed that mothers in the cur-
rent sample were relatively privileged. Nearly half of the children had mothers with 
at least a bachelor’s degree. For parents with education levels below a bachelor’s 
degree, they were categorised as junior secondary education and below or senior 
secondary education and junior college, with equivalent percentages in each level.

Regarding teacher characteristics, 99% of them were female, and over 90% were 
the class teacher for the child. More than half of teachers had a junior college or a 
bachelor’s degree. Descriptive information on the sample characteristics is provided 
in Table 2. The bivariate correlations between key variables are presented in Table 3.

3.5  Missing Data

Missingness was observed in the background questionnaires for parents and teachers. 
In Wave 2, the missingness ranged from 15 to 16% for parents’ education level, occu-
pations, and family income, which was higher than in Wave 1 (0.7–1%). Information 
on children’s background questionnaires including SES and maternal education level 
from Wave 1 were used in the analyses. Missingness was also present in teacher 
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background questions (1% each for position, education level, and major). Pairwise 
deletions were used in the calculations involving these variables.

No missingness was found for item and total scores in the PR and TR measures. 
However, the DA measure had missingness at the item level when children refused 
to respond. In Wave 1, items relating to storytelling had the highest percentage of 
“Reject” responses (26.86%). In Wave 2, “Reject” responses ranged from 0 to 5%. 

Mean (SD) Range
Sample Size n(%)
Total 309
3 to 4-year-olds 138 (44.66%)
4 to 5-year-olds 168 (54.37%)
Child age (months) (Wave 1) 49.66(5.50) 36.1-68.27
Child age (months) (Wave 2) 62.31(5.69) 48.1-83.73
Child sex a 0.49(0.50)
Urbanicity b 0.56 (0.50)
SES n (%)
Bottom quartile 81(26.30)
2nd quartile 73(23.70)
3rd quartile 77(25.00)
Top quartile 77(25.00)
Maternal Education n (%)
Below bachelor’s degree 163(52.75)
Junior secondary and lower 72(23.30)
Senior secondary and junior college 91(29.45)
Bachelor’s degree and above 146(47.25)
Teacher age n (%)
24 or under 8(10.13)
25-29 30(37.97)
30-34 16(20.25)
35-39 13(16.46)
40-44 7(8.86)
45-49 3(3.80)
50-54 2(2.53)
Teacher sexc 0.99(0.11)
Teacher education level n (%)
Secondary school 9(11.54)
Junior College 38(48.72)
Bachelor’s degree 31(39.74)
Teacher major n (%)
Early Childhood Education 52(67.53)
Other 25(32.47)
Teacher position n (%)
Class teacher 74(94.87)
Senior teacher 2(2.56)
Vice Principal 1(1.28)
Other 1(1.28)
Teacher ECE work experience 7.91(5.93) 1-30

Table 2  Descriptive sample 
characteristics

ac Male = 0 Female = 1. b Rural 
= 0 Urban = 1
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We examined whether the reject responses were significantly associated with chil-
dren’s younger age, which might indicate that children were too young to accomplish 
the tasks. We also compared the proportion of “Reject” responses with the “Don’t 
Know” responses from the two AR measures (Online Resource 1), as children might 
be shy or reluctant to respond due to unfamiliarity with the test setting. The findings 
indicated that some of the reject responses observed in the DA measure did not neces-
sarily reflect the child’s ability to complete the task.

Multiple imputations were conducted using the Predictive Mean Matching tech-
nique to retain as many cases as possible. This technique estimates missing values 
based on complete cases that have predicted values close to the missing cases (Woods 
et al., 2024). This method is more robust for non-normality data compared to other 
approaches (van Ginkel et al., 2020). Children’s age, sex, and urbanicity were added 
as predictors in the chained equation used for imputing plausible values for the miss-
ing assessment outcomes.

Twenty datasets were imputed, and the mean and range were checked for reason-
ability. Regression analysis results were similar between datasets that used listwise 
deletions, pairwise deletions (Online Resource 2), and multiple imputations to handle 
missing data. For this study, pairwise deletions were used for descriptive analyses 
and correlations, while imputed data were used for regression analyses.

3.6  Analytical Methods

For the first research question, we assessed the internal consistency and criterion 
validity of the three measures. Cronbach’s alpha and McDonald’s omega were cal-
culated to gauge internal consistency. Specifically, the alpha coefficient evaluates the 
extent of the inter-item correlations for measures assumed to be unidimensional (Cor-
tina, 1993). A measure with a Cronbach’s alpha larger than 0.70 is usually considered 
to have satisfactory internal consistency (Nunnally & Bernstein, 1994). The omega 
coefficient is a generalised form of the alpha coefficient and measures the propor-
tions of the scale variance attributed to the primary factor (McDonald, 1999). Unlike 
the alpha coefficient, the omega coefficient does not assume tau-equivalence, which 
implies that each item on the scale measures the latent variable with the same degree 

Table 3  Bivariate correlations between key variables
N 1 2 3 4 5 6 7 8 9 10

1 Child age 309 -
2 Child sexa 309 −.02 -
3 Urbanicity b 309 .08 −.03 -
4 SES 308 .06 −.04 .84*** -
5 MEdu 309 .10 −.05 .81*** .93*** -
6 DA (Wave 1) 309 .60*** .15** .37*** .30*** .33*** -
7 DA (Wave 2) 309 .42*** .04 .50*** .47*** .49*** .57*** -
8 PR (Wave 1) 309 .33*** .11* .33*** .32*** .32*** .47*** .47*** -
9 PR (Wave 2) 309 .26*** .10 .32*** .35*** .33*** .38*** .44*** .53*** -
10 TR 309 .27*** .15** .04 .11 .09 .25*** .28*** .20*** .19** -
a Boys = 0 Girls = 1. b Rural = 0 Urban = 1. MEdu = Maternal Education. DA = Direct Assessment. 
PR = Parent Report. TR = Teacher Report. *p < .05. **p < .01. ***p < .001
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of precision (Hayes & Coutts, 2020). Therefore, the omega coefficient is considered 
more accurate than the alpha coefficient when the assumption of tau-equivalence is 
not met (Trizano-Hermosilla & Alvarado, 2016).

For criterion validity, separate Ordinary Least Square (OLS) regressions were 
conducted to examine the associations between children’s assessment outcomes and 
key sociodemographic variables. In the OLS regressions, child age and sex were con-
trolled except for regressions, where they were used as independent variables. Based 
on previous studies that utilised ECDI to measure the level and inequality in ECD 
using global secondary data (Halpin et al., 2024; Lu et al., 2020; McCoy et al., 2016), 
we hypothesised that children’s assessment scores generated by the three measures in 
the current sample would be positively associated with children’s older age, females, 
urban residence, and higher SES. The analyses were repeated with “Don’t Know” 
responses treated as missingness.

We used Spearman’s rank correlation (rho) for the second research question to 
examine associations between assessment outcomes. Unlike Pearson’s r correla-
tion, which assumes linear associations between two variables on continuous scales, 
Spearman’s rank correlation tests the monotonic trends in the correlations between 
the rank of two variables in a sample (Sedgwick, 2014). Moreover, Spearman’s rho 
is also considered to be less sensitive to outliers (Zar, 2014). The Spearman’s rho 
coefficient ranges from − 1 to 1, with a larger value indicating a stronger correlation 
between the two variables. We calculated Spearman’s rank correlations between DA 
and PR in each wave, respectively, with particular focus on the correlations within 
the age range targeted by SDG Indicator 4.2.1 (i.e., 2 to under 5 years of age).

For comparing across sociodemographic groups, we calculated the correlations 
between each assessment outcome after adjusting for the influence of children’s age 
and sex. To this end, standardised residuals were generated from regression analyses 
of the child assessment outcomes on their age and sex. We then calculated correla-
tions between these residuals for the different groups based on urbanicity, SES, and 
maternal education.

To examine the predictiveness of DA and PR on children’s later development, we 
conducted regression analyses by regressing Wave 2 outcomes on Wave 1 outcomes 
measured by the same approach. Child age and sex were controlled for in these 
regressions. Next, the similarities between the gains in the children’s development 
measured by PR and DA over time were investigated by correlating the standardised 
residuals obtained from the regression analyses. Finally, correlations between the 
gain scores across populations were computed and compared.

To answer the third research question, we examined whether the correlations 
between TR and DA differed from those between PR and DA. We further investi-
gated whether correlations between DA and either of the AR measures would differ 
from those between the two AR measures. Similarly, correlations were generated by 
age group, child sex, and across populations. When generating the residuals from the 
regressions that predicted TR outcomes of children, the teacher factor was added as 
a fixed effect.

Cohen’s Kappa coefficients were calculated to evaluate inter-rater agreement at the 
item level, addressing the fourth research question. Two different coding approaches 
were used for calculating the Kappa coefficients, coding “Don’t know” responses as 
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“0” and keeping them as “Don’t know”. Cohen’s Kappa coefficients are commonly 
used to evaluate inter-rater agreement when assessing subjects on categorical scales 
(Warrens, 2015). It is also useful for calculating the observed agreement corrected for 
chance (Warrens, 2015). The interpretations of the Kappa statistics in this study were 
based on the established benchmarks: values between 0.00 and 0.20, 0.21 to 0.40, 
0.41 to 0.60, 0.61 to 0.80, and 0.80 to 1.00 indicated slight agreement, fair agree-
ment, moderate agreement, substantial agreement, and perfect agreement between 
two measures on the same subject, respectively (Landis & Koch, 1977). All analyses 
were conducted in STATA 17 (StataCorp, 2021).

4  Results

4.1  Reliability and Validity of the Three Measures

Overall, the findings showed that PR tended to yield higher estimations on children’s 
development compared to DA in terms of their “developmentally on track” status and 
mean assessment scores. Specifically, the percentage of children’s “on track” status 
measured by DA and PR was 53.65% and 58.77% in Wave 1 and 94.08% and 95.61% 
in Wave 2, respectively. When “Don’t know” responses were treated as missingness, 
the overall scores were even higher than when coded as “0” (Table 4). Figure 1 illus-
trates the raw scores of ECDI2030 and ECDAS across child age using the lpolyci 
regression function in STATA, which revealed a gap between the scores generated by 
DA and PR. Both AR measures were shown to be less sensitive than DA in reflecting 
the development of 4-year-olds.

The internal consistency of PR indicated by Cronbach’s alpha was 0.69 in Wave 
1 and 0.60 in Wave 2. The internal consistency for DA was better than for PR, with 
a Cronbach’s alpha of 0.75 in Wave 1 and 0.68 in Wave 2. For TR, Cronbach’s alpha 
was 0.66 in Wave 2. Specifically in children under 5 in Wave 2, Cronbach’s alpha 
for DA, PR, and TR were 0.70, 0.66, and 0.67, respectively. When the “Don’t know” 
response was treated as missing, the alpha coefficients were lower for PR in Wave 
1 (alpha = 0.62), Wave 2 (alpha = 0.47), and for children under five (alpha = 0.57). 
The internal consistency for TR also slightly decreased both for the total sample 
(alpha = 0.65) and the 4-year-olds in Wave 2 (alpha = 0.62).

Next, the McDonald’s omega coefficients for the three measures were calculated 
for the entire sample. For the DA measure, The omega coefficients were compa-
rable to the alpha coefficient in Wave 1 (omega = 0.74), but slightly lower in Wave 
2 (omega = 0.60). In the case of PR, the omega coefficients were higher in Wave 1 
(omega = 0.72) and similar in Wave 2 (omega = 0.60) compared to their correspond-
ing alpha coefficients. The omega coefficient for TR was similar to its alpha coef-
ficient (omega = 0.69). When “Don’t know” responses in PR and TR were recoded 
as missing values, the omega coefficients dropped to 0.65, 0.55, and 0.67 for PR in 
Wave 1, PR in Wave 2, and TR, respectively.

For criterion validity, regression analyses showed that all measures were signifi-
cantly and positively associated with child age. However, inconsistencies were found 
in relation to child sex. In Wave 1, both DA and PR showed girls had higher scores 
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than boys, but this pattern was not observed in Wave 2. However, TR outcomes for 
girls were significantly higher than those for boys in Wave 2. In terms of socioeco-
nomic background, children from urban areas and with higher SES had better assess-
ment results measured by DA and PR. However, there was no significant association 
between children’s urbanicity and SES with TR. Detailed regression results are pre-
sented in Table 5.

The regression analyses produced similar results when “Don’t know” responses 
from AR were coded as missing, except that TR outcomes were significantly and 
positively associated with children’s SES. Online Resource 3 provides more details 
of the regression results using a different scoring approach.

4.2  Correlations Between PR and DA Across Populations and Over Time

Overall, the correlations between the PR and DA were lower for older children 
compared to younger children. At Wave 1, the correlations between PR and DA for 
3-year-olds and 4-year-olds were 0.50 (n = 138, p < .001) and 0.34 (n = 168, p < .001), 

Table 4  Children’s “Developmentally on track” status and mean scores assessed by different measures
Wave 1 Wave 2

M(SD) Range M(SD) Range
Children’s “Developmentally 
on track” status (%)
DA 36–42 months 40.74 48–60 

months
58.77

42–48 months 63.06
48–60 months 57.14

PR 36–42 months 96.30 48–60 
months

95.61

42–48 months 91.89
48–60 months 94.05

TR 48–60 
months

87.72

Assessment scores
(Coded “don’t know” as “0”)
DA 3-year-olds 0.62(0.15) 0.20–

0.90
4-year-olds 0.79(0.12) 0.41-1

4-year-olds 0.75(0.13) 0.23–
0.99

5-year-olds 0.86(0.09) 0.56-1

PR 3-year-olds 0.83(0.13) 0.40-1 4-year-olds 0.92(0.09) 0.50-1
4-year-olds 0.89(0.09) 0.45-1 5-year-olds 0.95(0.06) 0.65-1

TR 4-year-olds 0.87(0.10) 0.45-1
5-year-olds 0.91(0.09) 0.50-1

(Coded “don’t know” as 
missingness and use pairwise 
deletions)
PR 3-year-olds 0.86(0.11) 0.50-1 4-year-olds 0.93(0.07) 0.65-1

4-year-olds 0.91(0.08) 0.56-1 5-year-olds 0.96(0.04) 0.75-1
TR 4-year-olds 0.89(0.10) 0.56-1

5-year-olds 0.93(0.09) 0.53-1
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respectively. In Wave 2, the correlation between PR and DA for 5-year-olds was 0.18 
(n = 168, p < .05), which was lower than the correlation for 4-year-olds (rho = 0.55, 
n = 138, p < .05).

When examining the correlations based on child sex, PR showed a slightly higher 
correlation with DA for girls (rho = 0.50, n = 154, p < .001) than for boys (rho = 0.43, 
n = 155, p < .001) in Wave (1) In Wave 2, the correlation was stronger for boys 
(rho = 0.41, n = 155, p < .001) than for girls (rho = 0.36, n = 154, p < .001). Neverthe-
less, all correlations had a medium strength. When considering urbanicity, the cor-
relations between DA and PR were significant for urban children in both waves, with 
values of 0.41 (n = 173, p < .001) in Wave 1 and 0.22 (n = 136, p < .01) in Wave (2) For 
rural children, the correlation was only significant (rho = 0.27, n = 136, p < .01) as they 
grew older in Wave 2.

Correlations across SES and maternal education were also examined. The correla-
tions did not display a linear pattern across SES. In Wave 1, correlations from all SES 
quartiles were significant, except for the bottom quartile, whereas PR from children 
in the third quartile (rho = 0.42, n = 77, p < .001) and the top quartile (rho = 0.41, n = 77, 
p < .001) showed stronger correlations with DA outcomes. In Wave 2, PR from chil-
dren in the bottom quartile (rho = 0.27, n = 81, p < .05), the third quartile (rho = 0.29, 
n = 77, p < .05), and the top quartile (rho = 0.28, n = 77, p < .05) were significantly cor-
related with the DA results, but not for children in the second quartile.

When comparing the correlations across maternal education levels, a different pat-
tern was observed from that in the SES analysis. In both waves, reports from moth-
ers with all education levels were significantly correlated with DA, except for those 
with senior secondary education and junior college degrees. Overall, there was a 
higher correlation between PR and DA for parents with bachelor’s degrees and above 

Fig. 1  DA, PR, and TR scores of children between 3 and 4 years

 

1 3



Measuring Children’s Developmental Status in China Using the…

(rho = 0.39, n = 143, p < .001) when compared to parents with lower education levels 
(rho = 0.25, n = 163, p < .01) in Wave 1. However, this difference diminished in Wave 
2.

Next, we focused on changes in the correlations of the longitudinal sample, which 
included children aged 3 and 4 over time. The strength of correlations did not sub-
stantially change for child age, with coefficients of 0.50 (n = 138, p < .001) and 0.55 
(n = 138, p < .001) for 3 and 4-year-olds, respectively. Interestingly, the correlation for 
4-year-olds in Wave 2 (rho = 0.55, n = 138, p < .001), whose development had been 
tracked repeatedly, was higher than for 4-year-olds in Wave 1 (rho = 0.34, n = 168, 
p < .001).

Across child sex, PR in boys yielded a slightly higher correlation with the DA 
results compared to girls, and these correlations did not change substantially over 
time. In terms of urbanicity, urban children showed more correlations between DA 
and PR compared to their counterparts at 3 years of age, whereas the opposite was 
observed for rural children at 4 years of age. Moreover, the correlations between the 
two methods across SES quartiles revealed that PR of children in the third quartile 

Table 5  Associations between child assessment scores and sociodemographic variables
Estimate SE 95% CI β p Adjusted R2

LL UL
DA (Wave 1)

Age in months .02 .00 .01 .02 .57 .000 .33
Sex a .05 .01 .03 .08 .18 .000 .36
Urbanicity b .10 .01 .07 .12 .34 .000 .47
SES .02 .00 .01 .03 .29 .000 .44

DA (Wave 2)
Age in months .01 .00 .01 .01 .42 .000 .17
Sex a .01 .01 -.00 .04 .06 .285 .17
Urbanicity b .11 .01 .09 .13 .47 .000 .39
SES .03 .00 .02 .03 .45 .000 .37
DA (Wave 1) .40 .05 .30 .49 .51 .000 .34

PR (Wave 1)
Age in months .01 .00 .00 .01 .33 .000 .11
Sex a .03 .01 .00 .05 .12 .028 .12
Urbanicity b .07 .01 .05 .09 .31 .000 .21
SES .02 .00 .01 .02 .31 .000 .21

PR (Wave 2)
Age in months .00 .00 .00 .01 .26 .000 .06
Sex a .02 .01 -.00 .03 .11 .056 .07
Urbanicity b .05 .01 .03 .06 .30 .000 .16
SES .01 .00 .01 .02 .34 .000 .19
PR (Wave 1) .34 .04 .27 .41 .49 .000 .28

TR
Age in months .00 .00 .00 .01 .27 .000 .07
Sex a .03 .01 .01 .05 .16 .004 .09
Urbanicity b .00 .01 -.02 .02 .02 .726 .09
SES .01 .00 -.00 .01 .10 .063 .10

N = 309; a Boys = 0 Girls = 1; b Rural = 0 Urban = 1
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exhibited stable correlations with DA over time. For different levels of maternal edu-
cation, all groups of mothers reported similar results for DA of their children’s devel-
opment over time, except for mothers with senior secondary education and junior 
college degrees, whose reports did not align consistently with DA as children grew 
older.

Lastly, we compared the predictive power of PR and DA on children’s develop-
ment over time. Both DA (b = 0.40, SE = 0.05, p < .001, 95% CI [0.30, 0.49], β = 0.51, 
Adjusted R2 = 0.34) and PR (b = 0.34, SE = 0.04, p < .001, 95% CI [0.27, 0.41], 
β = 0.49, Adjusted R2 = 0.28) significantly predicted children’s scores measured by 
the same assessment approach 1 year later (See Table 5). The predictive power of 
the DA results was stronger for children’s development than with PR. Additionally, 
the correlations between the gain scores measured by DA and PR were significant 
(rho = 0.32, n = 138, p < .001), indicating that both methods captured some similar-
ities in the growth of child development. Across different groups of children, PR 
showed more consistency with DA in measuring the growth of boys’ development 
(rho = 0.37, n = 72, p < .01) compared to girls. In rural children, PR was more sensitive 
in measuring developmental change over time (rho = 0.30, n = 62, p < .05) compared 
to urban children. Across socioeconomic factors, PR for children in the third quar-
tile (rho = 0.33, n = 37, p < .05) reflected children’s development more effectively than 
that for other quartiles in terms of the correlations with DA. Lastly, when comparing 
parents’ education levels, only PR from parents with junior secondary education and 
below was relatively more sensitive in reflecting children’s developmental change 
over time (rho = 0.41, n = 33, p < .05).

4.3  Correlations among PR, DA, and TR

The correlation between TR and DA was consistently lower than the correlations 
between PR and DA across various factors such as age, sex, urbanicity, and SES 
quartiles. Specifically, for rural children and girls at 4 years of age, there was no sig-
nificant correlation between TR and DA. The results also showed that the correlations 
within the two AR measures were smaller than those between DA and either AR mea-
sure across all groups of children. Notably, the correlation between TR and PR was 
only significant for children in the third SES quartile (rho = 0.23, n = 77, p < .05) and 
those whose parents had a bachelor’s degree or higher education level (rho = 0.21, 
n = 146, p < .05). These correlations persisted when focusing on the subset of children 
at 4 years of age. The correlations are presented in Table 6.

4.4  Agreement Between PR and TR on the Different Items

First, we calculated Cohen’s Kappa for the ECDI2030 items with all the “Don’t 
know” responses from the AR measures coded as “0”. Out of the 20 items, the only 
items to exhibit significant Cohen’s Kappa values were item 1 (i.e., Can (name) walk 
on uneven surface), item 7 (i.e., Can (name) speak using sentences of five or more 
words), item 10 (i.e., Can (name) recognise at least five Chinese characters), item 
11 (i.e., Can (name) write his/her name), item 13 (i.e., If you ask (name) to give you 
three objects, does he/she gives you the correct number), and item 17 (i.e., Does 
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(name) offer help to someone who seems to need help). This indicated that the ratings 
from teachers and parents on these items were not statistically independent. Items 1, 
7, 13, and 17 all had Kappa values between 0 and 0.2, suggesting minor agreement 
between TR and PR. In contrast, items 10 and 11 had a Kappa value of 0.27, indicat-
ing fair agreement between TR and PR on children’s early literacy competencies. For 
other items, the agreement between parents and teachers could be due to guessing or 
chance.

Second, we investigated whether the agreement between TR and PR differed when 
“Don’t know” responses were retained instead of being recoded as “0”. The results 
demonstrated that the corrected agreement remained stable for items 1, 7, and 13. 
However, the corrected agreement decreased for items 10, 11, and 17. Notably, there 
were relatively more “Don’t know” responses from teachers for item 10 (14.61%), 
which assesses literacy, and item 11 (10.68%), which evaluates pre-writing skills. On 
the other hand, parents were more likely to respond to item 17 with “Don’t know” 
(13.27% in Wave 1 and 8.09% in Wave 2, Online Resource 1). The “Don’t know” 
responses lowered the agreement between teachers and parents in measuring chil-
dren’s Learning domain and the Psychosocial Well-being domain became non-signif-
icant. Therefore, the original agreement rate might have been masked by some actual 
“Don’t know” responses from PR and TR, which were originally coded as “0”. The 
agreement analysis is presented in Table 7.

5  Discussion

This study addressed some methodological concerns about using PR to monitor chil-
dren’s early development at the population level. As the official measure designed 
to monitor the progress towards SDG Target 4.2, findings from ECDI2030 have sig-
nificant implications for policymaking on ECD by providing evidence of children’s 
development across populations. However, questions have been raised about the 
psychometric robustness of PR scores and the comparability of PR scores across 
sociocultural contexts. Therefore, this study focused on investigating the reliability 
and validity of the ECDI2030 within the context of a middle-income country. Specifi-
cally, the correlations between the ECDI2030 and two corresponding measures, DA 
and TR, were examined.

5.1  The Reliability and Validity of Different Approaches for Measuring Children’s 
Developmental Status in China

The reliability of the three assessment measures, as indicated by Cronbach’s alpha, 
was only satisfactory, with DA demonstrating the highest reliability. This implies 
that AR might capture more measurement error than DA when using the observed 
scores (Nunnally & Bernstein, 1994). When the restriction of tau-equivalence was 
relaxed, omega coefficients of PR were close to those of DA in both waves. Specifi-
cally, the reliability of PR in Wave 1 increased when there was no assumption of tau-
equivalence. TR appeared to have the highest reliability among the three measures in 
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Wave 2. These findings suggested that although DA could be more reliable than AR, 
Cronbach’s alpha could have underestimated the reliability of AR.

It is important to note that the non-specific nature and brevity of population-based 
measures like the ECDI2030 can decrease the value of Cronbach’s alpha. Moreover, 
the reliability of the measure is influenced by both its length and internal consistency 
(Tavakol & Dennick, 2011). The ECDI2030 is a single index with only 20 items that 
target various aspects of children’s development, so its reliability may be compro-
mised. Additionally, the relatively low alpha could indicate a lack of inter-related-
ness between the items (Tavakol & Dennick, 2011), suggesting the need for further 
examination of the potential multidimensional construct of the measure. Based on the 
findings of Cronbach’s alpha and McDonald’s omega, it would be difficult to deter-
mine which measure produced the most reliable assessment results. Consequently, 
multiple sources of information on early childhood development should be obtained 
wherever possible.

Furthermore, when comparing the assessment scores generated from different 
approaches, both AR measures tended to generate higher scores for children’s devel-
opment. The PR scores also exhibited less variation as children matured, indicating 
a potential ceiling effect in the PR measures. This ceiling effect could be attributed 

Table 7  Agreement between PR and TR by ECDI2030 items
Domains Items Scores Coded “Don’t know” as “0” Keeping the “Don’t know” 

response
PR TR Expected 

agreement 
(%)

Cor-
rected 
agree-
ment (%)

Kappa Expected 
agreement 
(%)

Cor-
rected 
agree-
ment
(%)

Kappa

Health 1 0.93 0.93 87.18 89.13 0.15* 87.18 89.13 0.15*

2 0.99 0.98 97.13 97.10 -0.01 97.13 97.10 -0.01
3 0.96 0.96 91.68 91.30 -0.05 91.65 91.30 -0.04
4 0.91 0.78 72.75 71.74 -0.04 72.53 71.74 -0.03

Learning 5 0.99 0.99 97.85 97.83 -0.01 97.85 97.83 -0.01
6 1.00 0.99 98.55 98.55 0.00 98.55 98.55 0.00
7 0.99 0.90 88.70 89.86 0.10* 88.70 89.86 0.10**

8 1.00 0.99 98.55 98.55 0.00 98.55 98.55 0.00
9 0.98 0.91 89.51 89.13 -0.04 89.39 89.13 -0.02
10 0.82 0.57 54.62 66.67 0.27** 52.18 60.58 0.18**

11 0.43 0.20 54.41 66.67 0.27** 50.19 63.77 0.27**

12 0.97 0.99 96.42 96.38 -0.01 96.40 96.38 -0.01
13 0.98 0.96 94.36 95.65 0.23** 94.33 95.65 0.23**

14 0.95 0.94 89.72 90.58 0.08 89.62 89.86 0.02
15 0.89 0.88 79.49 78.26 -0.06 79.00 78.26 -0.04

Psychosocial
Well-being

16 0.95 0.86 82.56 82.61 0.00 82.26 82.61 0.02
17 0.87 0.85 75.71 80.43 0.19* 74.39 76.81 0.09
18 0.98 0.95 92.97 92.75 -0.03 92.90 92.75 -0.02
19 0.80 0.91 75.14 77.54 0.10 21.06 24.64 0.05
20 0.94 0.91 86.52 86.96 0.03 46.90 47.83 0.02

N = 138. *p <.05. **p <.01
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to differences in the way items are asked and scored between PR and DA. Adopting 
appropriate wording and response formats for AR scales is particularly important 
for population-based measures, which usually have a limited number of items, and 
therefore, the presentation of items becomes critical. The simplified binary response 
format used in PR (scored as either “0” or “1”) can introduce challenges. Parents may 
mistakenly assume that their children possess the skills being asked about, leading to 
overestimation. Alternatively, they may inaccurately answer “Yes” even if the child 
has only demonstrated the target skills once or twice rather than consistently (Cappa 
et al., 2021). A simplified response format can reduce variations in assessment results 
and potentially introduce biases when evaluating children’s developmental status.

We also examined the association between the ECDI2030 outcomes and child age, 
sex, urbanicity, and SES. Different patterns emerged when analysing the three mea-
sures. Both PR and DA outcomes effectively differentiated children’s development 
across urbanicity and SES in both waves. This aligns with previous studies conducted 
in China, which showed developmental disparities among children based on urbanic-
ity and SES backgrounds during early childhood (Rao et al., 2022; Zhao et al., 2020).

However, contrary to previous studies in China that suggested sex disparities in 
ECD (Li et al., 2020; Zhao et al., 2020), the DA and PR results in the current study 
showed significant developmental differences between girls and boys in the first 
wave, but not in the second wave. This suggests that boys may catch up with girls in 
terms of the assessment outcomes by age 4 and 5. Girls outperform boys in academic 
capabilities measured by the ECDI2030, but this advantage diminishes over time as 
boys eventually acquire the same skills (Etchell et al., 2018; Rinaldi et al., 2023). 
Notably, the sex differences measured by PR at Wave 2 were marginally insignificant 
(p = .056). Further studies are needed to investigate sex disparities in ECD across 
children ages at the population level using psychometrically robust measures and a 
larger sample in China (Weber et al., 2017).

In contrast, TR failed to show differences in children’s assessment outcomes 
across urbanicity and SES. This may be due to several reasons. First, teachers typi-
cally assess and judge a child’s development in relation to their peers within the 
classroom (Martínez et al., 2009; Meissel et al., 2017); hence, the range of abilities 
of children within a specific classroom matter. A child who is considered advanced 
in a rural classroom may be seen to be falling behind compared to their peers in an 
urban classroom. Similarly, the composition of students’ SES background within a 
classroom can influence a teacher’s judgment (Ready & Wright, 2011). Teachers tend 
to perceive children in higher-SES or higher-achieving classrooms as more advanced 
in terms of academic skills, regardless of individual background (Ready & Wright, 
2011). These factors make it challenging for TR to differentiate children’s develop-
ment across urbanicity and SES. Furthermore, variations in teachers’ familiarity with 
the sampled children, influenced by factors such as class size and timing of the report 
(Fernald et al., 2017; Russo et al., 2019), can affect the reliability and validity of TR. 
Therefore, unlike PR or DA, the accuracy of TR can be affected by factors at the 
classroom or school level.
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5.2  Correlations between PR and DA across Populations and over time

The average correlation between PR and DA in the current sample was moderate. 
This suggests that DA and PR should not be used interchangeably when measuring 
the same item. When implementing assessments at scale or in situations where col-
lecting DA data is challenging, it is important to validate PR measures against other 
criterion measures. It is also valuable to explore factors that may influence the accu-
racy of PR assessments. For example, investigating whether children from higher 
SES backgrounds or those with mothers who have higher education levels can be 
assessed with less bias using PR would be beneficial.

Our findings indicated that PR may be less sensitive than DA when measuring the 
development of older children in our sample. The PR scores increased at a slower 
rate compared to DA scores as children grew older, which resulted in a decreasing 
correlation between PR and DA. Nevertheless, the correlation between PR and DA 
remained stable across child sex, suggesting that PR may not exhibit sex-based bias 
in assessing the holistic development of young children. An interesting observation 
in children assessed in both waves is that the correlation between their PR and DA 
results did not decrease as they matured. This could be due to parents becoming 
more attentive to the specific abilities being assessed and providing children with 
more opportunities for practising those skills or engaging with them in related learn-
ing activities. These experiences might also lead parents to develop a more accurate 
understanding of their children’s developmental progress, enabling them to make 
more objective evaluations (Zippert & Ramani, 2017). It would be worthwhile to 
explore the potential effect of “repeated report” on the accuracy of PR in future stud-
ies using a larger and more representative sample to examine if the accuracy of PR is 
related to parents’ familiarity with the assessment items.

After controlling for child age, there was a slightly different pattern in the cor-
relations between PR and DA across urbanicity. We would expect that PR would be 
more accurate for both age groups when evaluating rural children than urban chil-
dren compared to DA. Contrary to expectations, the correlations between PR and DA 
were only significant for 4-year-old rural children. This suggests that rural parents of 
3-year-olds may face challenges in accurately reporting their children’s development. 
Considering that urbanicity was highly correlated with children’s SES in our study 
sample, rural parents’ lower access to resources and knowledge about their children’s 
development compared to their urban counterparts might be an important factor hin-
dering the reliable judgment of their children’s development (Bornstein et al., 2010).

The moderating effect of SES on the correlations between the PR and DA results 
was also examined. Although higher SES children tended to achieve higher scores, 
potentially leading to smaller correlations due to a ceiling effect, parents with higher 
SES still made relatively accurate judgments about their children’s development. 
Specifically, parents from the third SES quartile consistently provided reports over 
time that aligned with the DA measurements, indicating reliable assessment of their 
children’s development.

We particularly looked at the correlations between PR and DA across maternal 
education, a key component of children’s SES. Consistent with the findings from 
earlier work, we found that maternal education level did not strongly correlate with 
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the accuracy of PR (Bedore et al., 2011; Guiberson et al., 2011; Thal et al., 2000). 
The results showed that parents with or without a bachelor’s degree did not show a 
substantial difference in the correlations between PR and DA when evaluating chil-
dren’s development. A more nuanced analysis focusing on parents without bachelor’s 
degrees revealed that mothers with lower education levels (i.e., junior secondary and 
below) evaluated their children’s development more in line with the DA results than 
those with higher education levels (i.e., senior secondary and junior college). Surpris-
ingly, PR from mothers in the latter group did not significantly correlate with DA.

It is unclear how family SES and parent’s education level relate to the accuracy of 
PR. The parent’s SES and accuracy of PR could be associated with the home learning 
environment that parents create for their children (Zippert & Ramani, 2017), which 
varies based on their income and education level (Kalil & Ryan, 2020; Rao et al., 
2021). Nevertheless, factors such as maternal employment, caregiving arrangements, 
and whether the child was an only child can also influence the amount and quality of 
the time and interactions between mothers and their children, influencing their under-
standing of their child’s development. For example, our findings showed that parents 
with education levels of junior secondary and below and those with senior secondary 
and junior college were mainly from rural areas, with the former more likely to work 
close to home and the latter tending to look for jobs in suburban or urban areas (e.g., 
Beijing in the current study) with higher salaries. This could result in less time spent 
at home and limited exposure to their children’s daily performance and behaviours 
for the latter. Additionally, they may lack sufficient support and resources to provide 
high-quality learning activities and interactions for their children compared to par-
ents with bachelor’s degrees and above. These factors could contribute to the unex-
pected lower correlations between DA and PR from parents with senior secondary 
education and junior college degrees.

The above findings emphasise a nuanced interpretation of the PR results from 
parents with varying education levels in different contexts. A previous study investi-
gating parents’ perceptions of the ECDI2030 items found that parents with primary 
school or lower education levels had difficulty understanding some items (Cappa et 
al., 2021). However, this may not be contextually relevant in countries like China, 
where the majority of mothers have completed lower secondary education. Hence, 
the ability to interpret assessment items might not vary that much across caregivers 
in China, while factors such as occupation, working arrangements, and immigration 
status may become important.

Lastly, when comparing the sensitivity of PR and DA for measuring change in their 
children’s development over time, we found that DA was more effective in predicting 
children’s development 1 year later. On the other hand, PR showed only a moderate 
correlation with DA for measuring the growth of child development between 3 and 
4 years of age, and the correlations between these gains varied across populations.

PR was better at capturing developmental changes in specific subgroups, includ-
ing boys, rural children, children from the third-SES quartile, and children with 
mothers with junior secondary degrees and below. This finding could be because the 
correlations between PR and DA for these groups of children were higher than for 
their counterparts, and the changes in their assessment scores were more significant 
over time. Studies have suggested that an indirect approach such as PR may not be 
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as sensitive as DA when evaluating the effectiveness of intervention programmes 
or policies on children’s development and learning (Fernald & Pitchik, 2019). The 
preliminary evidence from this study suggests that caution should be exercised when 
relying solely on the ECDI2030 to measure children’s developmental change at the 
population level in an upper-middle-income country, wherein the majority of the 
population has completed junior secondary education. It is necessary to conduct fur-
ther studies in diverse contexts with larger sample sizes to explore the predictive 
validity of the ECDI2030 in middle-income contexts.

5.3  Comparing Different Reporters of the ECDI2030 when Measuring Children’s 
Developmental Status

Overall, PR was found to be more sensitive in capturing children’s development 
across ages compared to TR, as evidenced by a higher correlation between PR and 
DA than between TR and DA. Consistent with the results obtained in the validation 
of TR, the correlations between TR and DA were not significant across all SES quar-
tiles, which again indicated there were limitations in using TR to detect SES-based 
developmental gaps among young children in China.

The correlations between TR and PR were also explored. Given that PR and TR 
were found to exhibit less variations than DA in measuring children’s developmental 
status, the correlations between the two AR measures were similar or smaller com-
pared to the correlations involving DA. However, it is worth noting that significant 
correlations were observed between TR and PR for children from urban areas, in 
the third SES quartile or with mothers holding bachelor’s degrees and above. These 
results indicated that teachers and mothers of these children provided consistent 
evaluations, and teachers demonstrated relatively higher accuracy when making 
judgments about the children’s development compared to other groups. One possible 
explanation for these findings is that teachers are more likely to make accurate judg-
ments for children whose development is close to the classroom mean (Vitiello & 
Williford, 2021). Children from medium-to-high SES quartiles would typically not 
be at the extremes of the developmental spectrum of a classroom. Besides, parents 
with higher education levels or from higher SES quartiles may be more involved in 
their children’s school activities and have more opportunities to observe their chil-
dren’s performance and behaviours in different environments. This could contribute 
to a better understanding of their children’s developmental status and align more 
closely with teachers’ assessments than parents from other backgrounds. Further 
investigation into the correlation between teachers and parents across children’s SES 
would be valuable in shedding light on the factors influencing the variations in the 
correlation of their judgments.

5.3.1  Agreement between TR and PR across Items

At the item level, there was greater agreement between parents’ and teachers’ reports 
of children’s learning across all three domains. Among the six items with significant 
agreement on parents’ and teachers’ judgment, four were from the Learning domain 
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(36%), one was from the Health domain (25%), and one was from the Psychosocial 
Well-being domain (20%).

The higher agreement between parents’ and teachers’ evaluation of children’s learn-
ing could be due to the accessibility and observability of these skills (Bodnarchuk & 
Eaton, 2004; Mashburn & Henry, 2004). As children grow older and start attending 
preschool, their pre-academic learning competencies, such as expressive language, 
recognition of Chinese characters, writing, and counting, become more discernible to 
adults. Parents and teachers would have increased opportunities to observe children’s 
demonstrations of these skills, allowing for more aligned judgments. The observable 
nature of these learning skills based on concrete indicators makes it easier for both 
parents and teachers to evaluate. While children’s social-emotional competencies, 
such as social cognition and empathy, also developed through interactions with their 
environments and the acquisition of linguistic and communication skills over time, it 
can be challenging to conceptualise and measure these skills precisely (Jones et al., 
2016). Defining what it means to “be helpful” or “get along well with other children” 
can vary across different scenarios, and using a simple “Yes” or “No” response to 
evaluate children’s social-emotional skills may introduce subjectivity.

We also found that parents and teachers had different tendencies to respond with 
“Don’t know” to certain items, which influenced the agreement between TR and PR. 
Specifically, when considering parents’ “Don’t know” response to item 17 (i.e., Does 
(name) offer help to someone who seems to need help), the agreement between PR 
and TR regarding children’s Psychosocial Well-being domain was no longer signifi-
cant after correcting for chance. This finding aligns with previous research indicating 
discrepancies between informants when evaluating children’s social-emotional com-
petencies or problem behaviours (Achenbach et al., 1987; Dinnebeil et al., 2013). As 
parents and teachers may provide inconsistent judgment when evaluating the psycho-
social well-being domain, relying solely on either TR or PR may not obtain a holistic 
view of children’s social-emotional development. This also highlights the importance 
of exploring the domain structure of a population-based assessment for selecting the 
appropriate AR assessment approach for children’s holistic development.

Finally, it is worth noting that teachers were more likely to respond with “Don’t 
know” to items related to children’s literacy skills, such as recognising Chinese char-
acters and writing. This finding may seem unexpected, as these pre-academic skills 
are expected to be easily observed by teachers in a school or classroom setting. We 
posit that this is due to the ECE policy forbidding formal teaching of literacy skills 
(e.g., Chinese character recognition) in Chinese kindergartens and the ECCE direc-
tives that decrease “schoolification” (Chen et al., 2022; Ministry of Education 2018). 
As a result, teachers may avoid making definitive choices on these items. Given 
the differences in parents’ and teachers’ “Don’t know” responses, further research 
is needed to delve into the motivations behind these responses in both groups. This 
emphasises the need for a nuanced scoring approach for the ECDI2030 items when 
using AR measures, which can help unpack the unique information from different 
reporters when interpreting the assessment outcomes of children’s developmental 
status.
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6  Conclusions and Limitations

To the best of our knowledge, this study is the first attempt to examine the psycho-
metric properties of the ECDI2030 by comparing it with two common early child-
hood assessment methods (i.e., DA and TR) using corresponding items. This study 
revealed potential issues to consider when using PR data on children’s developmental 
status to inform progress towards SDG Target 4.2 in specific contexts and had several 
implications for other societies. First, the ECDI2030 has demonstrated reasonable 
reliability and validity, with scores showing positive associations with child age, sex, 
urbanicity, and SES. However, compared to DA, the PR approach exhibited lower 
sensitivity and discrimination across child age. Future studies measuring SDG Tar-
get Indicator 4.2.1 should prioritise cross-method validation of child development 
data within and across cultures. Second, since there could be systematic differences 
in the reliability or accuracy of PR across populations, countries need to consider 
the appropriateness and relevance of adopting a PR measure when collecting child 
development data and explore the potential factors that could moderate the reliability 
and validity of PR measures in their own contexts. Third, this study offers insights 
for future studies and practices when selecting assessment approaches to inform the 
population-based development of young children. It highlights the importance of 
a comprehensive understanding of child assessment outcomes across information 
sources and cautions against over-reliance on a single measure to inform early child 
development at the population level.

Despite the valuable insights gained from this study, several limitations should be 
acknowledged. First, the study sample consisted of children attending preschools in 
two neighbouring areas in China, which may limit the generalisability of the results 
to other groups, particularly socially disadvantaged children such as left-behind 
children or migrant children. Therefore, it is crucial to investigate the psychometric 
robustness of current measures with a more representative sample. Second, although 
DA was considered to be the most reliable and accurate among the three assessment 
approaches, it is important to acknowledge that it also has limitations. Factors such 
as children’s short attention span, non-compliance, and unfamiliarity with the test 
settings can influence DA results (Nordahl-Hansen et al., 2014). These factors should 
be considered when interpreting the findings related to DA. Third, this study primar-
ily focused on internal consistency and criterion-related validity when comparing 
the psychometric properties of the three measures. Further studies can employ other 
indicators to examine their reliability and validity. For example, studies can investi-
gate their associations with established criterion measures, not necessarily with the 
same items. This examination could add to the current findings in terms of the accu-
racy of the different approaches in measuring the ECDI2030 items. Fourth, more 
waves of longitudinal data are necessary to investigate the stability of AR in tracking 
children’s developmental status over time. Previous studies suggested that different 
assessment measures can uniquely predict various learning and developmental com-
petencies of young children (Ahmed et al., 2022; Obradović et al., 2022). Comparing 
the predictive validity of PR and TR may enable a comprehensive understanding of 
the strengths and limitations of different reporters when capturing changes in chil-
dren’s development. Fifth, this study operationalised the similarities between dif-
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ferent methods based on their correlations. Although correlations help describe the 
relationships between different assessment outcomes, they may not fully capture the 
extent of overestimations or underestimations of specific measures. Further research 
is needed to investigate the concordance among the approaches assessing children’s 
development by adopting different analytical methods. Finally, the current study 
focused on the impact of structural factors, such as family SES and education levels, 
when comparing AR against DA. It would be beneficial to gather more information 
about the quality of home learning environments and school activities that parents 
and teachers engage in with children. Also, teacher characteristics, such as their edu-
cation levels and work experience, were not examined in current analyses but may 
potentially moderate the correlations between TR and the other methods. Incorporat-
ing other possible moderators in future analyses could help us better understand how 
to utilise and interpret AR outcomes more appropriately.
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