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Abstract 

A robust understanding of young children’s learning and development is key to 

unlocking their immense potential. Within education, young children’s learning and 

development are increasingly being addressed from strengths-based, holistic, and 

culturally connected perspectives. Nevertheless, previous research on children’s 

learning and development has primarily adopted a single-lens approach, highlighting 

developmental delays or risks associated with domain-specific deficits. The current 

thesis sought to better understand and account for children’s learning and 

development in strengths-based, holistic, and culturally connected ways. Two phases of 

the research were designed to: 1) support a holistic approach to understanding young 

children’s capabilities of social, emotional, language, and executive function; 

2) investigate the comparability of the shared patterns of children’s capabilities across 

gender and ethnicity, with implications for fairness in assessment and inclusion in early 

childhood research. 

Secondary data analyses were conducted in two sequential phases, with data drawn 

from the Growing Up in New Zealand study 54-month dataset. The first phase of the 

research used latent profile analysis to identify shared patterns of children’s capabilities. 

Data were available for six specific areas of children’s capabilities: prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive language, receptive language, 

and executive function. Information about children’s capabilities in these areas was 

gathered using the following measures: prosocial behaviour and emotional symptom 
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subscales in the Strengths and Difficulties Questionnaire, the modified Affect 

Knowledge Test, the Parent Rating of Oral Language, the shortened version of Peabody 

Picture Vocabulary Test III, and the Luria Hand Clap task.  

Latent profile analysis is often used to identify unique patterns of capabilities across 

a range of domains. The present research identified a 3-group model of young 

children’s capabilities, labelled as Emerging, Progressing, and Competent profiles. The 

associations within this 3-group model were characterised by overall differences in 

capabilities rather than distinct patterns. The Emerging profile made up 9.1% of the 

sample, representing children with capabilities lower than their peers in other profiles. 

The Progressing profile made up 45.1% of the sample, representing children with close 

to average capabilities, between the Emerging and Competent profiles. The Competent 

profile made up 45.8% of the sample, representing children with the highest capabilities 

relative to peers.  

The second phase of the research tested the measurement invariance of the 

selected measures through multi-group confirmatory factor analysis and examined 

differential item functioning for gender and ethnicity as covariates to the latent profile 

factors, via Multiple Indicators Multiple Causes modelling. Findings from multi-group 

confirmatory factor analyses established partial invariance for the prosocial behaviours 

and emotional symptoms subscales in the Strengths and Difficulties Questionnaire, full 

invariance for the modified Affect Knowledge Test and the Parent Rating of Oral 

Language across gender groups, and partial invariance for these four measures across 
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ethnic groups. Due to the nature of the data available, it was not possible to examine 

measurement invariance for the shortened version of the Peabody Picture Vocabulary 

Test III and the Luria Hand Clap task. Nonetheless, differential item functioning via 

Multiple Indicators Multiple Causes modelling suggested gender was a potential source 

of uniform differential item functioning for prosocial behaviours, emotional symptoms, 

emotional knowledge, and expressive language, and nonuniform differential item 

functioning for receptive language and executive function; however, these effects were 

determined to be small or negligible. Ethnicity was also identified as a potential source 

of uniform differential item functioning for emotional symptoms, and nonuniform 

differential item functioning for emotional knowledge, expressive language, receptive 

language, and executive function. These effects were determined to be more notable, 

suggesting the assessments used may not measure the constructs equivalently across 

ethnic groups, potentially indicating bias in measurement. While the negligible or small 

uniform and nonuniform differential item functioning effects across gender groups 

supported the comparability of the 3-group model, the more substantial effects did not 

support the comparability of the 3-group model across ethnic groups.  

Findings from the present research offer important insights into understanding 

children’s learning and development in strengths-based, holistic, and culturally 

connected ways. First, the investigation sought to use a strengths-based lens by 

focusing on what children could do relative to peers (e.g., capabilities) rather than 

framing scores from a deficit or risk-based perspective. Second, the 3-group model 
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centralised the ‘whole learner’ perspective by incorporating six different areas of 

children’s capabilities into one investigation, highlighting the interconnected nature of 

these capabilities. Rather than forming distinct patterns, the model reflected overall 

differences in capabilities across domains, reinforcing the holistic nature of 

development. Third, the focus on culturally connected assessment sought to 

understand how appropriate the measures available were for different aspects of 

children’s identity (i.e., gender and ethnicity). Testing measurement invariance was key 

to highlighting the importance of fairness in educational assessment and practices.  

Failure to account for differential item functioning effects may result in inappropriate 

conclusions about the comparability of latent profiles across observed groups, such as 

gender or ethnicity.   

Findings offer significant implications for early childhood educational research and 

practices, which can inform decisions about service design and policy development. 

The holistic approach reflected by the 3-group model is a shift away from singular, 

domain-specific perspectives and research. Given the importance of strengths-

based, holistic, and culturally connected teaching and learning support reflected in the 

early childhood curriculum in New Zealand, current research and programmes 

targeting isolated capabilities from risk-based perspectives may have limited or 

misaligned applications in early childhood education. Additionally, factors such as 

gender and ethnicity may introduce biases in the estimation of effects for the latent 

profiles identified in the present research, thereby potentially limiting their 
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comparability across diverse subpopulations. This underscores the importance of 

fairness in assessment and highlights the cautions and limitations of existing research. 

Taken together, the thesis highlights the importance of holistic and unbiased 

assessments to better understand and report on children’s capabilities, which can in 

turn influence teaching and learning policy and practices in inclusive and equitable 

ways.  
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 Abbreviations and Terms  

The following is a list of abbreviations used throughout the thesis. Each 

abbreviation is presented in full the first time it appears in a chapter, along with the 

abbreviation. 

AKT Affect Knowledge Test  

CFA Confirmatory factor analysis 

DIBELS Dynamic Indicators of Basic Early Literacy Skills 

DIF Differential item functioning 

ECE Early childhood education 

GUiNZs Growing Up in New Zealand study  

LCA Latent class analysis  

LPA Latent profile analysis 

MG-CFA Multiple-group confirmatory factor analysis 

MI Measurement invariance 

MIMIC Multiple Indicators Multiple Causes 

MNI Measurement non-invariance 

PPVT_III  Peabody Picture Vocabulary Test-III  

PROL  Parent Rating of Oral Language  

SDQ  Strengths and Difficulties Questionnaire  

The thesis is written in English; however, it incorporates some integration of 

common Te Reo Māori kupu (i.e., words from the Māori language) that are commonly 
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used in early childhood education in New Zealand. Specifically, this includes the word 

whānau, which signifies family, characterised by a family’s multi-layered, dynamic, and 

inclusive nature. The term whānau fosters a sense of group unity, extending immediate 

family to close friends and much wider family (Metge, 1995). Other Te Reo terms 

include the names of key documents, policies, or frameworks that are common in early 

childhood education in New Zealand. These are the proper names of such documents, 

and direct translation is not provided. The most commonly mentioned document is Te 

Whāriki, which is the early childhood curriculum that provides a bicultural framework 

for early childhood education services in New Zealand (Ministry of Education, 2017). 

This study is solely based on the GUiNZs 54-month dataset and employs a cross-

sectional design, capturing children’s capabilities at a single time point. Therefore, the 

thesis does not examine longitudinal or developmental trajectories, and references to 

"development" are interpreted as describing children’s current capabilities rather than 

processes of change over time. 
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Chapter 1 Thesis Introduction 

Unlocking the immense potential of every child requires a robust understanding of 

their learning and development. Knowledge about children’s learning and development 

is relevant for families, educators, researchers, and policy-makers, with each 

stakeholder group able to impact children’s learning and development in various ways. 

The present research is targeted at researchers and policy-makers and has implications 

for families and educators.   

In New Zealand, the early childhood curriculum Te Whāriki expresses the vision 

that children grow up “as competent and confident learners, strong in their identity, 

language and culture” (Ministry of Education, 2017, p. 2). Within Te Whāriki, the 

development of children’s capabilities is viewed holistically and understood to be 

influenced by multiple factors. Within education, young children’s learning and 

development are increasingly being addressed from a strengths-based, holistic, and 

culturally connected perspective. Yet, the research base to understand children’s 

learning and development has historically focused on developmental delays or risks 

associated with domain-specific deficits in children’s learning and development, and 

mostly, without accounting for or acknowledging children’s identity, language, and 

culture. This is often paralleled in policy initiatives and funded interventions focusing on 

domain-specific programmes to support children’s learning and development. The 

present research is part of the shifting tide to explore methods and approaches to 

better understand and account for children’s learning and development in strengths-
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based, holistic, and culturally connected ways. 

1.1 Research Overview 

The learning and characteristics explored in the present research comprised various 

affective and cognitive domains, including children’s social, emotional, language, and 

executive function skills. The principal aim of this research was to identify shared 

patterns of young children’s learning and development, focusing on the 

interconnection of social, emotional, language, and executive function capabilities, 

within a diverse population. Moreover, the research sought to derive unbiased 

estimates for these aforementioned capabilities, as well as the shared patterns of young 

children’s learning and development across distinct groups, such as the child’s gender 

and ethnicity. The research processes were designed and conducted in ways intended 

to mitigate the risk of misspecifications and misinterpretations of the identified patterns 

across groups.  

The research is a cross-sectional study utilising secondary analyses of data from the 

longitudinal Growing Up in New Zealand study (GUiNZs). It focused on young children 

before school entry using data from the GUiNZs 54-month dataset (i.e., children 

assessed during Data Collection Wave 5 (DCW5)). GUiNZs is a birth cohort study 

recruited to be broadly representative of the New Zealand birth (Morton et al., 2015), 

comprising responses from over 6,000 preschool children and parents at DCW5. DCW5 

data was collected from parents (mothers) and direct child observations. The present 

study used a range of mother-reported and direct observation measures related to 
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children’s social, emotional, language, and executive function skills. 

The research was conducted through a two-part analysis process in which 1) the 

shared patterns of children’s learning and development were explored across the 

overall sample, and 2) the consistency of measurement properties and identified 

patterns were assessed across the child’s gender and ethnic groups within the diverse 

sample.  

The first part of the work utilised confirmatory factor analysis (CFA) to validate the 

structure of the selected measures for analysis in the present research. Following 

confirmation of factor structure, measures were used as indicators of children’s learning 

and development to explore shared patterns using latent profile analysis (LPA), which is 

known as a person-centred approach to data analysis. A person-centred approach 

recognises that people may share combinations of characteristics that meaningfully 

cluster together. The second part of the work utilised multiple-group confirmatory 

factor analysis (MG-CFA) for measurement invariance (MI) tests of the selected 

measures to examine the consistency of measurement properties across the child’s 

gender and ethnic groups within the diverse sample. The results of invariance tests for 

the selected measures were employed to support the subsequent estimation of 

potential biases from the covariates (i.e., child’s gender, ethnicity) to the latent profile 

factors through Multiple Indicators Multiple Causes (MIMIC) modelling, as well as to 

investigate the comparability and consistency of the shared patterns across the child’s 

gender and ethnic groups.  
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This approach to analysis was designed to support a holistic approach to 

understanding children’s learning and development across social, emotional, language, 

and executive function skills. Interpretations of shared patterns aimed to use a 

strengths-based approach to describing children’s emerging capabilities. The focus on 

consistency of measures and the identified shared patterns across the child’s gender 

and ethnic groups was intended to support fairness in the interpretation and 

application of findings, thereby fostering equity and inclusion within early childhood 

education research in New Zealand.  

1.2 Researcher Background 

As I approach the destination of my PhD journey, I find myself reflecting on my 

identity as a researcher. Despite nearing the finish line, I still hesitate to fully embrace 

this role due to the perceived gaps in my knowledge. Nonetheless, this journey has 

profoundly enriched my personal and early academic life. 

My enthusiasm for children’s behaviour initially sparked my research interest. From 

early on, I was captivated by the intricacies of prosocial and “problem” behaviours in 

young children. These behaviours, rooted in social norms and morality, highlight the 

fundamental role of social interaction and community in human development, 

particularly during early childhood, a crucial period of brain development. Delving into 

these ideas led me to explore multiple definitions and theoretical frameworks of 

prosocial behaviour, notably from scholars like Nancy Eisenberg (Eisenberg et al., 2015). 

Their work shed light on the diverse forms of prosocial behaviour, such as helping, 



27 

 

sharing, and comforting, and underscoring the complexity of prosocial behaviour 

arising from the intricate interplay of diverse factors, including biological, psychological, 

social, and situational influences. However, measures for prosocial behaviours are 

limited in the GUINZs; for example, the prosocial behaviour subscale in the Strengths 

and Difficulties Questionnaire (SDQ) offers only a narrow range of prosocial behaviours. 

My exploration also underscored the interconnectedness of various domains—such 

as language and executive function—with prosocial behaviour. Research using a 

variable-centred approach often reveals broad associations and trends within 

populations, yet it overlooks individual complexities and heterogeneous populations 

(such as individuals with diverse characteristics). Motivated by a desire to delve deeper, 

I was fascinated by the person-centred approach to data analysis. This holistic analytic 

method not only identifies subgroups within populations but also offers a nuanced 

understanding of individual behaviours and needs.  

Under the guidance of supportive supervisors, I embarked on a journey to enhance 

my methodological and analytical skills for large-scale datasets. In my research, using 

large-scale datasets from the GUINZs has been pivotal and challenging. Leveraging 

these datasets has enabled me to explore sophisticated statistical analyses, though 

navigating their complexities—like data management and software proficiency—has 

been a steep learning curve. 

Despite the challenges, the journey has been immensely rewarding. It has shaped 

not only my research but also my personal growth. The process has equipped me with 
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invaluable insights that will undoubtedly influence my future endeavours. 

1.3 Research Rationale 

The present research is multifaceted. The following sections outline key points 

about: the importance of social, emotional, language, and executive function 

capabilities; holistic learning and development; diversity in learning and development; 

current and past research to understand children’s learning and development; and the 

policy context for early learning. Collectively, these create the rationale for the present 

research. 

1.3.1 Social, Emotional, Language and Executive Function Capabilities 

Exploration of young children’s learning and development before school entry is 

important in the early years, as it is a critical period for brain development that lays the 

foundation for children to reach their full potential (Berk, 2016). Specifically, the present 

research focuses on young children’s social, emotional, language and executive 

function capabilities. Each of these capabilities is complex, and the ways they are 

understood, described, and examined differ across the literature. For the present 

research, I use the term social competence, which refers to children’s capabilities and 

effectiveness in social interactions (Rose‐Krasnor, 1997). I also use the term emotional 

competence, which refers to capabilities in emotional knowledge, emotional expression, 

and emotional regulation (Denham et al., 2016; Saarni, 1999a). Language skills refer to 

the ability to understand, express, and communicate thoughts with others verbally and 

non-verbally (APA Dictionary of Psychology, 2007). Executive function skills refer to a 
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set of cognitive processes that manage and regulate ongoing, goal-directed 

behaviours, with a focus on effortful control (Berk, 2013; Diamond, 2013). These skills 

were selected for the present research because they are key aspects of children’s 

learning and development that are associated with later life well-being (Cole et al., 

2010; Diamond, 2016; McLaughlin, 2017; McLeod et al., 2019; Ministry of Education, 

2019a).  

1.3.2 Holistic Learning and Development 

While understanding individual domains of learning (e.g., social, emotional, 

language, and executive function) is important for ensuring clarity and allowing 

researchers to assess and reflect on these constructs effectively, educators and 

researchers recognise that developmental changes across domains are profoundly 

interrelated and evolve in complex ways throughout different stages of learning (Lewis, 

2000; McLachlan, 2018; Ministry of Education, 2017). Thus, changes in children’s 

capabilities are interrelated and holistic. This necessitates an integrated, holistic view 

that acknowledges multifaceted growth and learning. Such holistic views recognise 

children as complete entities and underscore the dynamic interaction between various 

aspects of children’s learning and development.  

 Theories of holistic learning and development acknowledge the significance of 

each domain and the interwoven nature of developmental characteristics (Johnson, 

2023; Magnusson, 1995). To account for the integrated, dynamic, and multifaceted 

nature of children’s learning and development, educators and researchers often explore 



30 

 

profiles of children’s learning and development to understand shared patterns of 

similarities and distinctions within and across children (Bergman et al., 2003; 

Magnusson, 1995). This approach to learning and development can also be connected 

to an ecological perspective to account for the broader environment and context for 

children’s learning and development (Bronfenbrenner, 1986; Bronfenbrenner & Ceci, 

1994). Taken together, a holistic and ecological view helps inform the design and 

delivery of effective early childhood education (ECE) to develop and support children's 

capabilities.  

1.3.3 Diversity in Learning and Development 

Children’s diverse identities are recognised as important within contemporary social 

and educational contexts. The present research identified gender and ethnicity as key 

aspects of children’s emerging identities, which may have educational relevance in how 

learning and development are examined and understood. Both gender and ethnic 

identities have implications for supporting equitable educational outcomes (Bird et al., 

2024; McLaughlin et al., 2024). Research that addresses these aspects of children’s 

identity may help support equity and inclusive practice in diverse contexts. While 

essential to acknowledge and account for, it is also complex to classify gender and 

ethnicity in meaningful and appropriate ways for research. For the present research, 

mothers selected the main ethnicity for their child (i.e., mother-prioritised ethnicity for 

child), with options including Māori, Pacific Peoples, Asian, European, Other, and dual 

ethnicities. The current research also acknowledges the multidimensional nature of the 
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gender construct; however, given the prevalent interchangeable use of gender and 

biological sex in research, gender in this study was operationalised as binary categories 

of ‘boys’ and ‘girls’, inferred based on the child’s sex assigned at birth. The advantages 

and limitations of these approaches to addressing gender and ethnicity will be explored 

in Chapters 3 and 4.  

1.3.4 Research to Understand Children’s Learning and Development 

Research acknowledges the importance of children’s learning and development. 

Most studies focus on examining aspects of children’s capabilities through a single 

domain focus in which skills such as social, emotional, language or executive function 

are examined in isolation from each other or to understand the association between 

sets of skills (Denham et al., 2013; Neumann et al., 2023; Zava et al., 2024). This is 

sometimes described as a variable-centred approach to research, in which associations 

between domains of interest in a population or the relative contribution of predictors 

to outcomes are a key focus of the research (Bauer & Shanahan, 2007; Laursen & Hoff, 

2006). In contrast, the present research builds on the emerging body of research that 

examines the interconnectedness of children’s learning from a person-centred 

approach. A person-centred approach refers to the identification of subgroups of 

populations with shared patterns of characteristics that can then be used to explore 

other associations or predictions of outcomes (Bergman et al., 2003; Laursen & Hoff, 

2006).  The use of person-centred analyses in the current research acknowledges 

children’s social, emotional, language and executive function capabilities from a holistic 
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and dynamic perspective. The implications of this type of research are intended to 

inform the development of targeted and appropriate services and programmes that 

account for the full range of children’s capabilities. This may be particularly important 

for children with specific needs, for whom the identification of relative strengths and 

needs may enhance the types of resources and support provided.  

Further, there is a growing trend in research to examine and account for children’s 

diverse identities in fair and appropriate ways. This includes moving beyond a focus on 

validity and reliability in measurement to consider fairness and appropriate 

interpretation of results. In the present study, this is done through approaches that 

examine whether constructs represented by a measure or model are assessed in 

equivalent ways across different groups or time points, with such assessments referred 

to as MI testing. Studies conducting MI tests aim to mitigate the risks of biases from 

measures by confirming that the observed differences between groups are due to 

actual variations in the constructs measured, rather than differences in how the 

measures function (i.e., what they measure) across these groups (Kim et al., 2017; 

Millsap, 2011; Vandenberg & Lance, 2000). Such biases may arise when response 

options are interpreted differently or elicit varying responses across different groups 

(McGovern & Lowe, 2018). Biased measures can result in inaccurate assessments and 

misguided interpretations, potentially leading researchers to draw unwarranted or 

incorrect conclusions (Oort et al., 2009). These findings underscore the importance of 

diversity and sensitivity and guide the development of culturally appropriate and 
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targeted services and programmes that support young children’s learning and 

development. 

1.3.5 Policy Context for Early Learning  

During the period the present research was conducted, the leading policy 

statement for ECE in New Zealand has been the He taonga te tamaiti: Every child a 

taonga: Early learning action plan 2019-2029 (Ministry of Education, 2019b). In the 

action plan, the development of the ECE priorities is guided by the vision that every 

child has innate potential, and high-quality early learning services benefit children, 

families and whānau (Ministry of Education, 2019b). The action plan intends that 

funding and regulatory policies support a well-coordinated ECE system, promoting 

participation and success by fostering inclusive, culturally supportive early learning 

environments where qualified, diverse educators help every child thrive and develop 

key capabilities. However, challenges in policy construction and implementation within 

ECE have long been impacted by changes in government and changing government 

priorities (Haggerty & Alcock, 2016; May, 2014). For example, the previous early 

learning strategic plan, Pathways to the Future: Ngā Huarahi Arataki (Ministry of 

Education, 2002) developed under a Labour government as a 10-year strategic plan, 

was later retracted under a National government. The fate of the early learning action 

plan 2019-2029 is currently unknown, with the recent changes in government. 

The different approaches that governments take to ECE policy construction and 

implementation often stem from a varying understanding of children and early 
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learning, inclusive education, fairness, and appropriateness in education settings (Hardy 

& Woodcock, 2015), as well as the mix of competing social and economic priorities. 

These issues reveal deeper concerns about values, purposes, and practices within ECE 

systems (May, 2014).  

Nonetheless, effective policies are important for creating a robust ECE system that 

benefits children, families, and society by ensuring a solid foundation of lifelong, life-

wide learning and development, as well as social and economic integration. As dynamic 

and living documents, policy formation draws from a range of data and research. In 

New Zealand, research such as the GUiNZs and the Dunedin Multidisciplinary Health 

and Development study provides valuable insights for policy decision-making. 

Conversely, such funded research often mirrors policymakers’ priorities in addressing 

health, social, educational, and economic challenges in ECE. Government funding 

supports initiatives and programmes designed to bridge gaps and improve outcomes.  

Evaluating the effectiveness of these policies that come from research findings 

requires addressing both the technical and normative constraints in measuring 

outcomes (Fullerton, 2021). A relevant example in the New Zealand context can be 

seen in the recent government investment in the ENGAGE programme (Healey & 

Halperin, 2015), highlighting social-emotional learning with a focus on self-control. This 

initiative was supported as part of the government's priority on social cohesion and 

inclusion of New Zealand’s diverse communities and aligns with the Child and Youth 

Well-being Strategy policy (the Department of the Prime Minister and Cabinet, 2019). 
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Research to support the adoption of this programme has been drawn from the self-

control research findings from the Dunedin Study (Moffitt et al., 2013). The justification 

for the programme reflects the research on the impact of self-regulation on lifelong 

outcomes (Healey & Healey, 2019; Healey et al., 2022). Notably, this research was 

conducted from a variable-centred approach focusing solely on self-regulation and 

does not specifically account for other aspects of children’s learning, which may 

exaggerate the role of self-control in the broader context of children’s learning and 

development. This is notable as the government has invested over 20 million dollars 

into supporting the programme in an effort to improve children’s self-control. The 

effectiveness of these types of domain-specific programmes in ECE on lifelong 

outcomes remains uncertain and requires long-term validation.  

It is noteworthy that current government policy remains informed by the Dunedin 

Study, despite the more contemporary research supported by the GUINZs data and 

more recent insights into children’s learning and the constructs associated with self-

control, more commonly referred to as self-regulation (Morton et al., 2017). Recent 

research in the GUINZs highlights that self-control in children is neither static nor fixed, 

but rather dynamic and variable, particularly during the early years (Morton et al., 

2020). To advance modern policy development, it would be beneficial to incorporate 

and prioritise recent studies, as noted by Bird et al. (2016). However, few studies in 

GUINZs to date have used person-centred methods to examine children’s learning and 

development holistically (Corkin et al., 2022; McLaughlin et al., 2024; Russell et al., 
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2022). Consequently, there is a need for a person-centred approach to explore shared 

patterns of young children’s capabilities.  

Building on work from McLaughlin et al. (2024) and Russell et al. (2022), the present 

research endeavours to demonstrate a person-centred approach to understanding 

children’s learning and development that considers the diverse capabilities and 

identities of all preschool children. This type of approach to population data may help 

inform New Zealand policymakers in designing initiatives that support children’s 

learning holistically and from a strengths-based perspective. The present research also 

highlights the need for policies that address children’s unique identity, language, and 

culture.  

1.4 Introduction Summary 

Young children’s social, emotional, language, and executive function capabilities 

are important in children’s learning and development and influence lifelong and life-

wide outcomes (Moffitt et al., 2011). The current research explored these capabilities 

from a holistic, strengths-based view and accounted for emerging gender and ethnic 

identities from a person-centred approach. Specifically, secondary analyses of the 

GUiNZs 54-month dataset were conducted to explore shared patterns of young 

children’s social, emotional, language and executive function capabilities using a latent 

profile analysis, followed by the exploration of similarities and distinctions of these 

shared patterns across children’s diverse identities (e.g., gender, ethnicity) by examining 

MI on the measures and model level across children’s gender and ethnic groups.  
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The current research endeavours to offer insights into the latent profiles of young 

children’s capabilities in New Zealand that are consistent with the GUiNZs sample. The 

study also aims to provide insights into how the measures used to assess children’s 

capabilities and the latent profiles generated from the research are comparable across 

groups by the child’s gender and ethnicity. The research may help guide policy 

recommendations and contribute to future research, including research that examines 

how these capabilities develop in a patterned way over time, and advance future 

research examining how these capabilities have developed over time. 

1.5 Thesis Structure  

This thesis is structured into seven chapters. Following Chapter 1, “Thesis 

Introduction”, the subsequent chapters are organised as follows: 

Chapter 2, “Literature Review”, extensively reviews the literature on social 

competence, emotional competence, language, and executive function in young 

children and their interindividual differences. This chapter is the discussion of each 

domain, divided into five sections: (1) the importance of each capability, (2) relevant 

theoretical explanations, (3) definitions of these capabilities, (4) an in-depth review of 

the domains of each capability, followed by (5) how each domain is assessed more 

generally. Each section concludes with a summary of its contents and underscores the 

study’s significance in contributing to a comprehensive understanding of young 

children's capabilities. 

Chapter 3, “Holistic Views of Development and Observed Subgroup Variations”, 
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commences by considering the interdependent and holistic nature of young children’s 

capabilities, adopting a holistic perspective. It delves into the homogeneity and 

heterogeneity of interindividual capabilities, exploring the potential for shared patterns 

(homogeneity) and variability manifested in interindividual differences and by known 

subgroups (heterogeneity). This chapter then examines key methodologies for 

clustering young children’s characteristics, emphasising a person-centred, holistic 

approach and explaining why the subgroups of gender and ethnicity are important 

considerations in early childhood.  

Chapter 4, “Methodology”, begins with an introduction to the GUiNZs, 

contextualising its relevance to child development research. It then introduces the 

current research, outlining the research questions, hypotheses, sample, and ethical 

considerations that guide the current thesis. It also details the research procedure, 

including data access, project consultation and the analytical process. The chapter 

concludes with an overview of the methods employed and their integration within each 

phase of the study.  

Chapter 5, “Phase 1: Methods and Findings ”, explores the shared patterns of 

young children’s social, emotional, language and executive function capabilities using 

latent profile analysis (LPA). This phase of the research builds upon prior data due 

diligence by assessing the construct validity of each selected measure in Appendices 3 

to 7. The objective is to examine whether distinct latent subgroups—characterised by 

shared patterns of children’s social, emotional, language and executive function 
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capabilities—can be identified in the 54-month dataset in GUiNZs. 

Chapter 6, “Phase 2: Methods and Findings ”, first examines the measurement 

invariance (MI) on the constructs of the selected measures followed by assessing the 

invariance of the latent subgroups through a differential item functioning (DIF) 

approach using the MIMIC modelling technique, aiming to assesses potential biases 

from covariates (i.e., the child’s gender, ethnicity) to the latent profile factors, and 

address the knowledge gap regarding gender and ethnic differences in young 

children’s capabilities within the New Zealand context. 

Chapter 7, “General Discussion”, provides a summary of the significant findings 

derived from the research and integrated with the literature to describe how these 

findings enrich the comprehension of the shared patterns observed in young children’s 

capabilities related to social, emotional, language and executive function. This chapter 

also discusses the limitations and implications inherent in the research. The implications 

offer insights into the methodological, practical, research, policy, and theoretical 

implications of the research. Possible directions for future research are outlined.  
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Chapter 2 Literature Review 

To help children reach their full potential, a comprehensive understanding of their 

learning and development is needed. Children’s learning and development, explored in 

the present research, involve various cognitive and affective elements, including 

executive function, language skills, social competence, and emotional competence. This 

chapter aims to explore and describe the intricacies of these four domains of 

development and establish a foundation for how they are understood and approached 

in the current research.  

This chapter unfolds in a structured manner, with each capability presented in four 

distinct sections followed by a chapter summary. Each section weaves in contemporary 

literature, shedding light on the pivotal role of foundational skill sets in shaping young 

children’s social and emotional competence, language, and executive function 

capabilities. Each section begins with an introduction to the importance of these 

capabilities. This is followed by an exploration of relevant child development theories to 

support the theoretical understanding of each capability. Definitions and relevant skill 

sets within each capability are described. This leads to an exploration of key issues 

related to the assessment of each capability. The chapter begins with reviews of social 

and emotional competence, followed by an exploration of language skills and executive 

function.  

2.1 Social Competence 

Social competence refers to capabilities and effectiveness in social interactions 
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(Rose‐Krasnor, 1997). This section outlines evidence regarding the importance of social 

competence and key theories about social development in young children. The section 

then discusses definitions of social competence and key subset skills. The section ends 

with the assessment of social competence, highlighting the strengths of prosocial 

behaviours as an important domain of assessing social competence among younger 

children.  

2.1.1 Importance of Social Competence 

Social competence is crucial to young children’s social interactions, self-esteem, 

transition to school, school readiness and academic success, and lifelong outcomes 

from the very early years of life (Cacioppo, 2002; Denham, 2006; Denham et al., 2013; 

Hamre & Pianta, 2001; Ladd et al., 1999; McLaughlin, 2017; Ministry of Education, 

2019a; Phillips & Shonkoff, 2000). Social competence supports young children in 

building up and maintaining relationships and communicating with others. By ages 5-6, 

children’s social interactions typically progress with extended collaborative social play 

and acquired social skills (Bierman & Erath, 2006). Socially competent children have 

higher levels of school readiness. For example, when entering school, socially 

competent children experience more positive development in relationships with peers 

and teachers, and adjustment to school (Birch & Ladd, 1998; Thompson & Raikes, 2007; 

Zava et al., 2024). In addition, children’s social competence, accepted peer status and 

social popularity are linked to their early academic participation and better academic 

achievement (Denham et al., 2013; DeRosier et al., 1994). Previous longitudinal studies 



42 

 

and extensive literature show that young children with better social skills are more likely 

to contribute positively to their communities, have better mental health and well-being 

in adulthood, and become lifelong learners (Goodman et al., 2015). 

 Lack of social competence has also been associated with social difficulties, 

externalising problems, and poor academic outcomes (Hanish et al., 2005; Johnson et 

al., 2000; Perren & Alsaker, 2006). Children with poor social skills may face peer 

rejection and develop conflicted child-teacher relationships (Bellanti & Bierman, 2000; 

Longobardi et al., 2021; Pianta & Stuhlman, 2004). Difficulties with peers, teachers, and 

family may adversely/bi-directionally reinforce children’s externalising problems and 

impact children’s attitudes towards school, which further results in school avoidance 

and decreased academic achievement (Gagnon et al., 1995; Kochenderfer & Ladd, 

1996; Longobardi et al., 2021; Nurmi, 2012; Pianta & Stuhlman, 2004). In addition, lack 

of social skills and problems with peers may affect young children’s mental health. For 

instance, cross-sectional studies indicate that depressive symptoms and internalising 

disorders in children can be predicted by self-oriented social skills involving social 

participation and assertiveness (Henricsson & Rydell, 2006; Perren & Alsaker, 2009).  

2.1.2 Theories of Social Competence  

In this section, I explore three key theoretical perspectives on children’s social 

development. The key selected theories— attachment theory, social learning theory, 

and the Prism Model of Social Competence by Rose‐Krasnor (1997)— provide 

conceptual insights into social competence. These perspectives delve into the interplay 
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between children’s social interaction, social competence, and environmental influences 

in shaping social development. Each theory is derived from distinct theoretical 

traditions but collectively enriches the understanding of the mechanisms behind social 

development. 

Attachment theory. Attachment is a deep emotional bond that emerges during the 

first year of life through interactions between children and their caregivers, and is 

dependent on caregivers’ attunement and their capacity to respond in a sensitive and 

nurturing way (Allen, 2023; Keller, 2018). Four attachment categories identified by 

Bowlby, Mary Salter Ainsworth and Mary Main are secure, insecure-avoidant, insecure 

ambivalent and disorganised attachment (Ainsworth, 1979; Bowlby, 1982; Main & 

Solomon, 1986). Attachment is important because it is a child’s first interpersonal 

relationship with their caregiver, providing a secure base to explore the social world 

and a safe haven for seeking comfort in times of uncertainty or distress, with a long-

lasting impact on their emotional life and future relationships (Ainsworth, 1979). 

Attachment theory explains how early experiences with the primary caregiver shape 

children’s social development, and early attachment experiences shape their 

understanding of themselves, others, and interactions, thereby influencing their 

responses to caregivers, peers, and other adults in various settings (Allen, 2023; Bowlby, 

1982). Attachment theory also highlights that early social interaction with caregivers 

significantly shapes a child’s social development trajectory. Specifically, a secure and 
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close attachment increases the chances of a satisfying relationship, and an insecure 

attachment may increase the risk of problems throughout life (Matias et al., 2014).  

 Social learning theory. As conceptualised by Albert Bandura, social learning theory 

provides a framework for understanding the processes by which individuals acquire 

new behaviours through observations and imitation of others (Bandura, 1978; Bandura, 

1986; Ladd, 2007). Social learning theory highlights the importance of social contexts 

that influence behaviour development, especially at the formative stages of 

development. Social learning theory also underscores the significance of peers as 

powerful agents in the socialisation process. As one of the important roles that impact 

young children’s social learning and formation of identity, peers are often viewed as 

influential models that a child may observe and imitate (Wen Xia et al., 2023). 

Interaction with peers may allow for collaborative learning and contribute to 

establishing social norms (Hartup, 1996; Hartup & Moore, 1990). Recognising the role 

of peer influence within social learning theory is important for educators, parents, and 

relevant stakeholders, as well as informing strategies that promote adaptive social 

learning (Dong Hwa & Juhu, 2003; Hartup, 1996). 

In addition to the above larger theories of development associated with social 

development, the Prism Model of Social Competence by Rose‐Krasnor (1997) is often 

used to understand the structure of social competence more specifically. In this model, 

there are three layers related to social interaction that represent both interpersonal and 

intrapersonal elements. These layers are: 1) a theoretical level that examines the overall 
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effectiveness of social interactions, 2) an index level that considers the effectiveness of 

social interactions from individual perspectives and 3) a skills level that focuses on 

interpersonal connectedness and the use of skills (Rose‐Krasnor, 1997).  

2.1.3 Definitions 

While the importance of social competence and the necessity to support it in 

young children is well-established, greater consensus on the definition and description 

of social competence in the research literature would support the progress of this work. 

This section explores variations in definitions and descriptions of social competence 

and highlights critical social competence areas (described as subset skills) relevant to 

the present study. Implications of these definitions for construct measurement are also 

considered.  

Definitions of social competence reflect three orientations: interpersonal relations, 

intrapersonal skills, and a combination of both. Researchers have defined social 

competence in interpersonal relations as the ability to select and carry out their 

interpersonal goals successfully and appropriately, engage effectively in complex 

interpersonal interactions, and understand people effectively (Guralnick, 1999). In 

contrast, definitions reflecting intrapersonal skills highlight the ways that distinctive 

individual characteristics help achieve personal goals and maximise the probability of 

producing, maintaining, or enhancing positive effects in social interaction, such as 

problem-solving, social engagement, and empathy (Rubin & Rose-Krasnor, 1992). 

Additionally, definitions incorporating interpersonal and intrapersonal skills focus on 
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interactions with others, integrating oneself into society, and internalising society’s 

norms and values (Rubin et al., 2006).  

Variations in these conceptual definitions reveal the complex multidimensional 

nature of social competence. These conceptualisations also highlight the critical role of 

the effectiveness of a child in social interaction with peers and adults, which has 

implications for the measurement of social competence (Dodge, 1985; Fabes et al., 

2006; Rubin & Rose-Krasnor, 1992). Before exploring measurement issues, the next 

section examines the range of key subset skills.  

2.1.4 Domains of Social Competence 

The complex nature of social competence builds on integrated skills that are either 

directly observable behaviours or internal competencies, whilst higher-level 

components of social competence call for operationalised explanations of observable 

skills (Domitrovich et al., 2007; Han & Thomas, 2010). Observable socially competent 

behaviours involve prosocial behaviours central to maintaining peer relations and social 

initiatives (Dodge et al., 1986; Rose‐Krasnor, 1997; Rydell et al., 1997; Sarason, 1981). 

Prosocial behaviours support other-oriented perspectives to satisfy the needs of others, 

and social initiatives reflect self-oriented competence to fulfil one’s needs (Perren et al., 

2012). Peer relations and prosocial behaviours are described in more detail in the 

sections that follow.  

As a significant component of social initiatives, children’s peer relations have been 

well described as children’s relations/friendships with peers (Bukowski, 2003; Hartup & 
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Moore, 1990). Peer relations are considered an important factor in social development, 

providing children with extrafamilial opportunities to understand and explore the 

effects of their behaviours (Malti et al., 2012; Rubin et al., 2006; Rubin et al., 2011). The 

engagement of social play and the selected peer affiliations enable preschoolers to 

form early friendships and social networks with peers and form a substantial 

socialisation function in developing social competence (Daniel et al., 2015; Strayer & 

Santos, 1996). Such social interactions include taking turns, managing conflicts, and 

ensuring one’s needs are met in a socially adaptive manner, in a range of contexts such 

as early childhood settings, homes, and playgrounds (Engelmann et al., 2012; Green & 

Rechis, 2006; Melis et al., 2016). Young children’s peer interactions may be necessary 

for developing empathy and prosocial behaviours (Strayer & Roberts, 2004). More 

specifically, interaction with prosocial friends concurrently links to more prosocial 

behaviours among preschoolers (Chung-Hall & Chen, 2010; Eivers et al., 2012), 

whereas the emergence of problems with peers is linked to early conduct problems. For 

example, particularly aggressive children may seek out other aggressive children as 

friends who may see aggressive and antisocial behaviours as acceptable, which possibly 

results in continued shaping and amplification of aggressive behaviours and individual 

maladaptive development (Hanish et al., 2005; Snyder et al., 1997).  

Thus, prosocial behaviours are critical to peer relations and are an essential 

indicator of young children's social competence. Eisenberg et al. (2015) defined 

prosocial behaviour as ‘voluntary actions intended to benefit others’. Children with 
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prosocial behaviours are positively responsive to others’ needs and welfare and exhibit 

behaviours such as helping, sharing, and engaging in efforts to comfort someone who 

seems distressed (Brownell et al., 2009; Eisenberg et al., 2015). Prosocial behaviours are 

also considered an important antecedent of peer acceptance, academic achievement, 

and a precursor of children's social adjustment (Collie et al., 2018). Specifically, young 

children engaging in prosocial behaviours have more academic success and enjoy more 

positive relationships with peers and teachers (Skalická et al., 2015). Additionally, young 

children’s prosocial behaviours are positively associated with their future employment, 

educational and health outcomes (Jones et al., 2015).   

Peer relations and prosocial behaviours both represent types of observable 

interpersonal skills, but researchers view them as distinct concepts that interact with 

and influence each other. Specifically, positive peer relations represent a key aspect of 

social competence, while prosocial behaviour is seen as a measure for assessing the 

quality of peer relationships. The interplay between peer relations and prosocial 

behaviours influences outcomes in both areas (Berndt, 2002). Children’s prosocial 

behaviours can predict positive peer relationships (Sebanc, 2003; Vitaro et al., 1990).  

2.1.5 Assessments of Social Competence 

As noted above, a focus on the effectiveness of a child in social interaction with 

peers and adults, presents challenges for the measurement of social competence 

(Dodge, 1985; Fabes et al., 2006; Rubin & Rose-Krasnor, 1992). The conceptualisation 

of effectiveness relates to behavioural outcomes oriented by both long- and short-
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term developmental needs (Waters & Sroufe, 1983). Such definitions lack specific 

implications for measurement, as it is challenging to determine which behaviours 

contribute to the effectiveness of social interaction. Different selection criteria may 

conversely lead to disagreements on conceptualisations. Using limited specific skills to 

reflect the flexible, multidimensional construct of social competence may be misleading, 

as these skills act as a portion of the whole construct. Tapping into highly situational 

and age-specific social competence subdomains (subset skills in the current work) may 

help better understand social competence and address measurement issues (Anderson 

& Messick, 1974; Waters & Sroufe, 1983).  

Assessment in this way often focuses on the selection of social competence subset 

skills that are comparatively easy to alter or that are identified as malleable. The 

multifaceted nature of skills has resulted in a wide range of often adult-reported 

assessments of children’s social competence. Researchers have also noted problems 

related to focusing assessment on the social competence subset skills. First, there are 

challenges in accurately and reliably measuring young children’s social competence, 

including finding relevant measurement tools for this task. Second, different skills within 

the same subdomain may not consistently relate to each other, both within 

measurement tools and across different measures (Wigelsworth et al., 2010; Zimmer, 

2017). Furthermore, measurement tools may focus on a deficit, rather than a strengths-

based approach to assessment. In their review of social competence assessments, 

Zimmer (2017) noted that “the majority of these tools are not strengths-based: 
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developed in the psychopathological field for diagnostic purposes, they tend to identify 

problem behaviours and mental health disorders, rather than measuring social and 

emotional competency level” (p. 6). 

While there is a wide range of measures that might be used to assess young 

children’s social competence, the most common measure in New Zealand has been the 

Strengths and Difficulties Questionnaire (SDQ) by Goodman (1997). Specifically, the 

parent-reported SDQ has been used as a measure in the Before School Check (B4SC). 

The total and subscale scores of the SDQ predict behavioural and psychosocial 

outcomes of general and clinical cohorts in New Zealand contexts (Clark et al., 2014; 

Cornforth et al., 2012; D'Souza et al., 2019b; Lambie & Krynen, 2017; Thompson et al., 

2021). More information about the SDQ is available in the methods chapter.  

2.1.6 Summary 

To summarise, social competence is vital to young children’s learning and 

development. However, the complexities of social competence are reflected in the 

variety of definitions and associated operationalisations of this skill base. Critical 

concepts of social competence emphasise interpersonal and intrapersonal skills or a 

combination of these skills within a person and effective social interactions between 

persons and the environment. Specific skills reflect effectiveness in young children’s 

social interaction through observable behaviours (peer relations and prosocial 

behaviours) and internalised competencies (problem-solving and perspective-taking). 

Given the challenges with direct measurement of these skills, assessments often focus 
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on adult reports of key skills to assess and describe children’s emerging social 

competence. 

2.2 Emotional Competence 

Emotional competence refers to a person’s ability to express emotions, understand 

the emotions of self and others, and regulate emotional expressiveness appropriately 

for the social context (Denham et al., 2016; Saarni, 1999a). This section provides an 

outline of evidence regarding the importance of emotional competence, key theories 

about emotions and emotional development and discusses definitions of emotional 

competence and key subset skills. The section ends with key considerations related to 

the assessment of emotional competence.  

2.2.1 Importance of Emotional Competence 

As a crucial component of psychological well-being, young children’s emotional 

competence supports their physical health, social competence, school readiness and 

performance, enjoyment of learning, overall well-being and later outcomes (Aviles et 

al., 2006; Denham & Bassett, 2018; Denham et al., 2016; Durlak et al., 2011; Eisenberg 

et al., 2006; Gallagher & Vella-Brodrick, 2008; Guerra & Bradshaw, 2008; Ministry of 

Education, 2019a; Morkel & McLaughlin, 2015; Parke, 1994; Rimm-Kaufman & Pianta, 

2000; Schutte et al., 2007; Ulloa, 2011). Research highlights the long-term effects of 

preschoolers’ emotional recognition and interpretation on their social behaviour and 

academic competence (Izard et al., 2001). Longitudinally, emotionally competent 

children demonstrate improved learning outcomes and higher levels of self-efficacy 
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and motivation (Payton et al., 2008; Zins et al., 2007), and preschool children’s 

emotional regulation is bidirectionally associated with school adjustment and school 

readiness (Denham, 2006; Fung et al., 2020; Miller et al., 2006; Shields et al., 2001). 

Children with greater emotional competence and emotional knowledge are more likely 

to be liked by peers and prosocially behaved (Denham, 2001; Garner & Waajid, 2008; 

Trentacosta et al., 2006).  

Conversely, poor skills in one or more components of emotional competence 

during preschool years are associated with risks to young children’s physical and 

mental health, lower school performance, problematic social interaction, poor peer 

relationships, behavioural difficulties including behavioural problems, aggression, and 

withdrawal (Denham & Couchoud, 1990b; Denham et al., 1990; Hill et al., 2006; Rubin & 

Clark, 1983; Rydell et al., 2003; Ulloa, 2011). Research shows that young children’s 

difficulties in understanding and regulating emotions are significantly related to 

disruptive behaviour problems (Duncombe et al., 2013). Lack of emotional knowledge 

in young children has also been associated with the exhibition of internalising and 

externalising problems (Hannesdottir & Ollendick, 2007; Trentacosta & Fine, 2010).  

2.2.2 Theories of Emotional Competence 

Emotions influence every aspect of our lives. Emotions in preschool years are 

complex and varied due to children’s rapid biological changes and a more integrated 

dynamic environmental system in which children are involved (Denham, 2018; Plutchik, 

1980, 2003; Saarni, 1990; Saarni, 1999a). In addition to biological responses, emotions 
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are viewed as contextually anchored responses in social contexts that convey social 

transactions and relationships; taken together, this reflects the dynamic nature of the 

emotion (Saarni, 1999a). Key theories such as evolutionary psychology, functionalist 

theories, cognitive neuroscience, and attachment theory provide conceptual insights 

into the function of emotions.  

Evolutionary psychological perspectives view emotions as biological adaptations 

and cross-culturally universal features of facial expressions, with emotions having been 

identified (Al-Shawaf & Lewis, 2020; Ekman, 1971). From this perspective, emotions are 

evolved from ancestors and are genetically related to the emotions of other species. 

Adaptations to the environment would be difficult without emotions. Among 

evolutionary psychological approaches, coordinating mechanisms highlight the evolved 

function of emotions in coordinating mind and body to solve specific adaptive 

problems (Al-Shawaf & Lewis, 2020; Cosmides & Tooby, 2000; Tooby & Cosmides, 

1990). Within the coordinating mechanisms, emotions are perceived as regulatory 

mechanisms to coordinate the mind and body to ensure harmonious coactivation. For 

example, fear coordinates mechanisms for preventing or escaping danger (Tooby & 

Cosmides, 1990). While psycho-evolutionary theories of emotions are seen as universal 

and biologically hardwired, with each primary emotion serving a specific evolutionary 

purpose (Izard, 1984; Izard, 1992), functionalism theories of emotion suggest that 

emotions are adaptive responses that help individuals meet specific goals within their 

environment (Campos et al., 1994; Lazarus, 1991; Saarni, 1990; Saarni, 1999a; Saarni et 
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al., 2006; Saarni et al., 2008).  

Functionalists’ perspectives consider emotional competence as an essential 

component of child development and emphasise the intra- and inter-personal 

functions of emotions, viewing emotions as context-dependent responses that help 

regulate social behaviour and interpersonal goals. For example, Lazarus (1991) 

proposed in the adaptational model of emotion that the generation of emotion occurs 

while the individual elicits a readiness to act for significant impacts. The model 

hypothesised a multidimensional appraisal theory of emotion that can be broken down 

into cognitive appraisal, physiological response, and action sequentially. Moreover, 

Saarni et al. (2006) highlighted the involvement of appraisal of ongoing person-

environment interaction and readiness to act in particular ways. From these 

perspectives, each emotion functions uniquely to serve a person’s social and cognitive 

goals and well-being. 

Cognitive neuroscience of emotions focuses on brain development and the role of 

cognition in emotions (Deak, 2011; Lane & Nadel, 2000). Cognitive neuroscientists 

emphasise the significant role of the brain in the experience and identification of 

emotions. For example, the amygdala ties emotional knowledge to memories, decision-

making and experience. The right cerebral hemisphere is indicated for emotion 

recognition, control of emotional expression and negative emotions, whereas the left 

hemisphere of the brain specialises in positive emotions (Deak, 2011; Harmon-Jones & 

Allen, 1998; Lane & Nadel, 2000; Silberman & Weingartner, 1986). Cognitive 
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neuroscience has provided insights into the psychological and biological processes of 

emotions, whereas social cognitive theories focus on the unique ways people react to 

various events due to the inseparability between an individual’s affective responses and 

cognitive processes.  

Given the impact of children’s brain development and life experiences on their 

emotions, it is important to consider the attachment between children and their 

caregivers. Attachment theory underlines interpersonal roots of emotionality and 

individual differences in cognitive and affective processes relevant to emotional 

competence (Bowlby, 1980; Connors, 2011; Kafetsios, 2004). It also highlights the 

importance of a nurturing, responsive primary caregiver(s) in secure attachment with 

the child, such as facilitating comfort when the child feels distressed or threatened and 

encouraging the child to explore the environment. Research evidence supports the 

consequences of attachment on emotional competence, suggesting that the accuracy 

of emotion identification is positively associated with secure attachment. Secure 

individuals are relatively accurate in identifying facial expressions of negative emotions 

(Kafetsios, 2004; Magai et al., 1995).  

The range of theories that relate to the development of children’s emotional 

competence highlights the biological, functional, and social foundations for emotions 

and emotional competence.  

2.2.3 Definitions  

Unlike other areas of learning and development, there is relative consistency in the 
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definition or description of emotional competence, although variation in the 

overarching terms used to describe emotional competence exists in the research 

literature. For example, terms such as emotional literacy or emotional intelligence are 

sometimes used (Mayer & Salovey, 1997; Sharp, 2001). For this work, the term 

emotional competence is used for consistency with its use in New Zealand Ministry of 

Education initiatives for social and emotional competence. Below is an overview of 

major concepts related to the definitions of emotional competence.  

Emotional competence has been defined as a broad construct that encompasses 

the understanding and regulation of emotions, the capacity for self-efficacy, and the 

adaptive emotional responses that help the child reach goals, cope with challenges and 

distressing emotions, and engage effectively in social interactions (Saarni, 1990; Saarni, 

1999a; Saarni, 2007; Saarni et al., 2008). Emotionally competent children can identify 

emotions of self and others and respond emotionally, apply their emotional knowledge 

and expression simultaneously and strategically to relationships with others, and 

negotiate interpersonal exchanges and emotional regulation (Saarni, 1999b). Building 

on Saarni’s definition of emotional competence, Denham et al. (2016) defined 

emotional competence as the ability to express a variety of emotions, understand the 

emotions of self and others, and regulate emotional expressiveness and experiences, 

when necessary, purposefully, and fully. Children can acknowledge the appropriateness 

of emotions and regulate their behaviours in culturally responsive ways through 

interaction with the physical and social world (Denham, 2018). Similarly, Zins et al. 
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(2007) defined emotional competence as a person’s ability to understand, manage and 

express the social and emotional aspects of one‘s life in ways that enable the successful 

management of life tasks such as learning, forming relationships, solving everyday 

problems, and adapting to the complex demands of growth and development. 

Overall, these definitions view emotional competence as learned abilities and 

knowledge-attributed attitudes relevant to cognitive, affective, and social aspects of 

emotional capabilities through organisational relationships. Hence, it is essential to 

understand emotional competence in organisational contexts as it implies an 

individual’s awareness as a part of the social process of adjustment. Central to the 

definitions, three core aspects of emotional competence are generated: 1) 

understanding and knowledge of one’s own and others’ emotions, 2) emotional 

expressiveness and 3) the regulation of emotions. Each of these aspects of emotional 

competence is described in the following sections as a subset of skills of emotional 

competence. It is important to note that the skills of emotional competence are not 

acquired sequentially. Each skill influences the development of other skills, creating 

bidirectional associations that influence overall development. 

2.2.4 Domains of Emotional Competence  

2.2.4.1 Emotional Knowledge.  

Children’s emotional knowledge encompasses their abilities to identify and label 

emotions and build links between certain situations and particular emotions (Denham, 

1998; Harris, 1989; Morgan et al., 2010; Pons et al., 2004). Normatively, awareness of 
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the self’s emotions appears at 18 months with individual variation expected (Berk, 

2013). During preschool years, due to new environment demands and the formation of 

relationships besides their primary caregivers, children’s emotional identification and 

their abilities to identify and evaluate the associations between external causes, 

situational cues and specific emotions develop rapidly (Pons et al., 2003; Shoshani et al., 

2021). By age 5, most preschoolers can focus on multiple cues of emotions and make 

more complex emotional assessments accurately through referencing causes, 

consequences and behavioural signs of emotion, such as frowning means unhappiness 

(Bierman, 1988). Higher emotion knowledge in young children may be associated with 

the exhibition of prosocial behaviour, better effortful control, effective communication, 

and higher social and academic competence (Denham et al., 2003; Fabes et al., 2003; 

Izard et al., 2001; Martinsone et al., 2022; Morgan et al., 2010; Mostow et al., 2002).  

2.2.4.2 Emotional Expression.  

As a central aspect of emotional competence, emotional expressions are defined as 

the ability to display emotions and behaviours perceived as expressive of emotion 

(Michela et al., 2014; Smith & Abell, 2016). Emotional expressions vary with the person’s 

developing capacities, goals, and context. Multiple interacting cues, including vocal, 

facial, and gestural cues, eliciting different emotions are influenced by social 

expectations in sociocultural contexts and differ across situations (Eisenberg et al., 2007; 

Lewis, 2007). With appropriate emotional learning, children’s emotional expression 

tends to be more well-organised and specific, which reflects their internal states more 
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precisely (Berk, 2013, 2016). Through communication with primary caregivers, parents 

selectively mirroring emotional behaviours help infants construct emotional expressions 

that closely resemble adults (Gergely & Watson, 1999). Positive emotional 

expressiveness in young children supports the formation of friendships and enhances 

peer likability (Denham et al., 2003). Conversely, children experiencing and expressing 

more negative emotions may show aggression with peers (Denham et al., 2003). 

Additionally, children’s expressions of pleasant and unpleasant emotions may relate to 

their use of emotional regulation strategies (Prosen & Smrtnik Vitulić , 2018; Saarni, 

1999a).  

2.2.4.3 Emotional Regulation.  

Emotion regulation involves an attempt to influence emotions or the strategies of 

adjusting emotional state to a comfortable level of intensity to accomplish goals (Berk, 

2013; Naragon-Gainey et al., 2017). Infants have limited capacities for emotional 

regulation and rely on co-regulation with trusted caregivers, whereas preschoolers’ 

emotional regulation capacities are strengthened to adapt to increasingly complex 

emotions and the demands of a range of social interactions (Berk, 2016). Preschoolers 

verbalise a range of emotional self-regulation strategies with the development of 

language and communication, and their use of emotional regulation strategies is 

associated with fewer emotional outbursts over the early childhood stage (Cole et al., 

2010; Thompson & Goodvin, 2007).  

Emotion regulation supports emotion recognition and understanding during 
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toddlerhood and encourages emotional perspective-taking and critical thinking skills 

during preschool (England-Mason et al., 2023; Saarni, 2011). However, emotional 

regulations require several cognitive capacities, mainly executive function consisting of 

effortful control, attention focusing and shifting, inhibition and planning (Eisenberg & 

Spinrad, 2004). The section on executive function will explore the definitions and 

domains of executive function and its associations with emotional regulation. 

2.2.5 Assessments of Emotional Competence 

As noted above, the subset skills of emotional competence are not acquired 

sequentially, and there is a bi-directional influence among skills. This necessitates a 

clear understanding of each construct and has implications for the assessment of these 

emerging capabilities in young children.  

Similar to social competence, there is a range of adult-reported assessments of 

children’s emotional competence, each with a different focus on the specificity and 

range of subset skills (Denham et al., 2016). These tools often include adult ratings for 

subset skills for children’s social and emotional capabilities and are prone to the same 

concerns and issues as noted above (Zimmer, 2017). A range of these tools may also 

include aspects of children’s mental health or well-being (Humphrey et al., 2011).  

Moving beyond adult-reported measures, one common assessment of children’s 

emotional knowledge and expression is through facial expression recognition and 

emotion naming. While these approaches do not capture the complexity of emotional 

regulation, the ability to measure children’s emotional knowledge and expression is 
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used as an appropriate indicator of emotional competence in young children (Denham, 

1986). 

Among various measurements of emotional competence, the Affect Knowledge 

Test (AKT) was designed by Denham (1986) to measure preschoolers’ developmentally 

appropriate emotional knowledge and expressions by using puppets with detachable 

faces to depict facial expressions, such as happy, angry, and sad. AKT has been well-

recognised in measuring preschoolers’ emotional expression and knowledge cross-

sectionally in the New Zealand context (Ahmad et al., 2019; Ahmad et al., 2021; Russell 

et al., 2022; Walsh et al., 2019). 

2.2.6 Summary 

To summarise, emotional competence is fundamental to young children’s 

development and well-being, impacting their social relationships, school readiness, and 

long-term outcomes. Emotional competence encompasses skills such as expressing 

emotions, understanding one’s own and others’ emotions, and regulating emotional 

responses appropriately within various social contexts. Theories, including evolutionary 

psychology, functionalist theories, cognitive neuroscience, and attachment theory, 

highlight the biological, cognitive, and social foundations of emotional competence, 

emphasising its role in adaptive and interpersonal functions. Key skills of emotional 

competence include emotional knowledge (recognising and labelling emotions), 

emotional expression (displaying emotions in socially appropriate ways), and emotional 

regulation (managing emotional responses to maintain well-being and social harmony). 



62 

 

Assessments of emotional competence often rely on adult reports and can be 

complemented by tests that assess facial expression recognition and emotion naming 

skills, which can evaluate emotional knowledge and expression. 

2.3 Language Skills 

Language skills refer to the ability to understand, express, and communicate 

thoughts with others verbally and nonverbally (APA Dictionary of Psychology, 2007). 

This section of the thesis describes distinctions between language and communication 

for background and clarity. However, language and communication are generally 

presented as a unified concept in the remainder of the thesis. This section provides an 

outline of evidence regarding the importance of language skills, and key theories about 

language development. Definitions of language and communication, and key subset 

skills are discussed. The section ends with key considerations related to the assessment 

of children’s language skills.  

2.3.1 Importance of Language   

Young children’s language skills have a direct impact on their social-emotional 

development, cognitive development, and later academic achievement (Cole et al., 

2010; Grantham-McGregor et al., 2007; Hart & Risley, 1995). Language provides 

opportunities to improve social competence, and children’s early verbal capabilities 

facilitate the acquisition of interpersonal functioning and social problem-solving skills 

(Barnett et al., 2012; Bruce & Bell, 2022; Hay et al., 2004). For instance, cross-sectional 

studies indicate a positive association between language and emotion regulation in 
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young children, providing support for theoretical frameworks in which competence in 

expressive language supports young children to communicate in socially acceptable 

ways and regulate their behaviours (Cole et al., 2010; Vallotton & Ayoub, 2011). 

Moreover, longitudinal research demonstrates that children at 24 months of age 

possessing larger vocabularies not only attain higher levels of literacy and numeracy 

but also exhibit enhanced self-regulation as they transition to preschool (Morgan et al., 

2015). 

In contrast, children lacking language and communication skills may experience 

poorer social, emotional, and behavioural functioning and academic performance 

(Cross, 1998, 2011; McCabe & Meller, 2004). Longitudinal and cross-sectional studies 

show expressive language to be significantly negatively associated with physical 

aggression from infancy to preschool, with preschool-aged children with language 

delays less likely to engage prosocially and/or to behave aggressively (Dionne et al., 

2003; Qi & Kaiser, 2004; Sanson et al., 1993). Children who have difficulty with language 

skills may display higher levels of early conduct problems and internalising problems 

than typically developing peers, with these behaviours perhaps acting as a replacement 

for verbal expression (Fujiki et al., 2001; Redmond & Rice, 1998). Young children with 

language impairment may be less accurate in emotion labelling and share lower 

emotional knowledge than other typically developing children (Delaunay-El Allam et al., 

2011; McCabe & Meller, 2004). Longitudinal studies of preschoolers identified with 

speech and language concerns in early childhood show that these children displayed 
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underdeveloped reading skills and sustained lower performance in literacy compared to 

typically developing children when they started school (Foster & Miller, 2007; McLeod 

et al., 2019). Together, such research supports the important role of language skills and 

effective communication in children’s early development.  

2.3.2 Theories of Language 

In this section, I outline four key theoretical perspectives on language and 

communication and provide an overview of key processes associated with language 

and communication development. The four selected theories include: Chomsky’s 

nativist theory on language, Hymes’s communicative competence theory, social 

interactionists’ perspectives on language, and theories related to language and brain 

development. These perspectives delve into the interplay between innate abilities and 

environmental influences in shaping language development. Each theory enriches the 

understanding of the mechanisms behind language and communication development. 

Noam Chomsky’s nativist theory, including his proposition of a Language 

Acquisition Device (LAD) and conceptualisation of linguistic competence, has 

contributed to understanding language acquisition and structure (Chomsky, 1976, 

2002; Otto, 2014). Nativist theory proposes that language is a unique human 

accomplishment connected to structures of the brain, which process language 

differently from other stimuli (Berk, 2013). Central to LAD is an innate language-specific 

system that enables a child to combine words into grammatically coherent sentences, 

comprehend the meaning of the sentences, and actively interpret language input based 
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on their current knowledge, such as the vocabulary they have acquired (Chomsky, 

1976). Chomsky makes a distinction between language competence and language 

performance to further delineate aspects of the linguistic system, specifically grammar, 

in generating well-formed sentences while accounting for native speakers’ overall 

language performance. Chomsky’s perspectives on linguistic development posit 

linguistic competence as an innate, unconscious knowledge of grammatical structure 

that native speakers intuitively develop during language acquisition.  

Chomsky’s nativist theory has been criticised due to its narrow focus on the 

grammatical component of language, overlooking the social interaction in which the 

speakers are involved (Canale, 1980; Hall, 1977). One criticism is that Chomsky’s 

approach to linguistic structure, based on the rigidly defined LAD system, tends to 

overlook the dynamic and evolving nature of language, failing to account for its 

inherent flexibility (Hall, 1977). In Chomsky’s emphasis on grammatical knowledge, 

other aspects of linguistic communication, such as gestures, and non-verbal cues that 

contribute to effective communication, are ignored. Nevertheless, Chomsky’s 

perspectives on language place emphasis on the role of language structure and the 

incorporation of acquired knowledge.  

Beyond Chomsky’s emphasis on individuals’ linguistic knowledge and the formal 

structure of language as the basis of linguistic competence, Dell Hymes’s theory of 

communicative competence places importance on the patterns of language use within 

social contexts. Hymes takes a social perspective on language acquisition and defines 
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communicative competence as primarily reflecting the ability to communicate 

appropriately (Hymes, 1972). According to Hymes, communicative competence 

encompasses not only knowledge of language forms but also an understanding of the 

relationships between language form and function as they relate to social interaction.  

Hymes’s perspectives on communicative competence are embodied in four distinct 

qualities: (1) grammatic possibility, which refers to the ability to construct language that 

incorporates the appropriate grammatical components and which reflects an 

understanding of how grammar structure influences meaning; (2) implementation 

feasibility, which considers the psychological and linguistic elements involved in 

producing and understanding language and acknowledges the cognitive processes that 

play a role in effective communication; (3) contextual appropriateness, which involves 

adherence to social norms in language use in ways that align with cultural and societal 

expectations; (4) performability, which relates to the capability of using language 

effectively within specific contexts. This final quality highlights the practicality of 

communication, emphasising the need to use language effectively to convey ideas, 

emotions and achieve particular goals. Overall, these four aspects of communicative 

competence broaden the understanding of language and communication, calling for a 

reconsideration of Chomskian linguistic competence and a shift toward viewing 

language as a social behaviour. 

Building on language as a social behaviour, the perspectives of social interactionists 

emphasise the crucial role of sociocultural interaction in children’s language 
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development (Bruner, 1985, 1990; Vygotsky, 1978). Lev Vygotsky’s initial research 

underscored the impact of social interaction on language development, considering 

language as the cornerstone for various advanced cognitive processes such as 

planning, categorisation, problem-solving, self-reflection, controlled attention, and 

deliberate memorisation (Berk, 2013). According to Vygotsky, the rapid advancement in 

language acquisition originates from socially constructed and culturally transmitted 

higher mental functions (Vygotsky, 1978). Vygotsky's theories also suggest that verbal 

language establishes a framework for organising and developing culturally influenced 

thoughts and behaviour patterns. Additionally, Bruner (1985) proposed that the 

environment supports children’s language development through a Language 

Acquisition Support System (LASS), which involves a network of more knowledgeable 

individuals interacting with and supporting the child’s language development. Thus, 

through observing social interactions, children develop an understanding of 

communicative functions before expressing themselves linguistically (Halliday, 2007; 

Tomasello, 2000). The perspectives of social interactionists provide insights into the 

mechanisms and significance of social interactions for children’s language 

development. 

Recent advances in neuroscience have afforded the ability to gather evidence on 

the bidirectional relationship between language acquisition and the development of 

associated neurological structures. The interconnections between the brain and 

language development highlight the significance of a sensitive period for language 
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acquisition and the maturation of the brain in understanding and producing language 

(Berk, 2016; Friedrich & Friederici, 2010). The first 5 years of brain development, 

coinciding with the preschool years, are characterised by notable and rapid changes in 

children’s language development. Through exposure to sets of familiar and novel 

objects, Childers and Tomasello (2002) estimated that children acquire approximately 

10,000 words from birth to 5 years old, highlighting the linguistic growth experienced in 

early childhood.  

Studies of the brain have identified Broca’s area and Wernike’s area, two specific 

regions in the left hemisphere of the cerebral cortex, as critical for language 

understanding and production. Broca’s area is considered to facilitate grammatical 

processing and language production, while Wernicke’s area is responsible for word 

comprehension (Berk, 2013). Moreover, research indicates that the rate and volume of 

children’s language acquisition also influence the development and specialisation of 

these structures (Mills & Conboy, 2005; Mills et al., 1993). Further, higher vocabulary 

producers exhibit greater accuracy and efficiency in word identification, suggesting that 

vocabulary development plays a significant role in the organisation of neural systems 

related to phonetic details within the context of word comprehension (Mills et al., 2004; 

Torkildsen et al., 2009). Such evidence, supporting a critical period and exposure-based 

development of key neurological structures involved in language processing, 

production, and comprehension, underscores the importance of acquiring 

communicative competence for young children to thrive in their culture and society. 
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2.3.3 Definitions  

The discussed theories acknowledge the intricacies of the development of 

language and communication competence. Simply put, language serves as the basis of 

how people perceive things, communicate, and interact with others in daily life. 

Individuals’ abilities to connect with others and make sense of the world rely heavily on 

the functional use of language that conveys and receives information. It is important to 

note that language and communication do not necessarily occur concurrently. In the 

early phases of language development, receptive language (language comprehension) 

encompasses a wider array of concepts and information that extend beyond the use of 

verbal language, which includes elements like symbolism, art, and music, as well as 

non-verbal social cues such as facial expressions and body language, among others 

(Cheung et al., 2022). Indeed, this necessitates an understanding of these as separate, 

though often inter-dependant systems. For example, a child may possess age-

appropriate language skills but display limited motivations to communicate, indicating 

difficulties in communication rather than language, which may or may not hinder later 

language development (McCormack et al., 2011). Clarifying the concepts of language, 

communication, and communicative competence enables developmental scientists to 

make useful distinctions and thus explore relationships between these concepts. In this 

section, definitions of language, communication, and communicative competence are 

provided. From there, the discussion covers specific domains of language development 

and associated approaches to measurement in early childhood.  
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2.3.3.1 Language.  

Different contexts and disciplines share divergent meanings of language. 

Informally, language is understood as a culturally specific communication system, such 

as English (Hauser et al., 2002). Linguistically, language refers to an internal component 

of the mind or brain, viewed as a unique human cognitive capacity that involves the use 

of arbitrary symbols and structured rules to convey meaning (Friederici et al., 2017).  

Early linguistic definitions by Bloom and Lahey (1978) defined language as a code 

whereby ideas about the world are represented through a conventional system of 

arbitrary signals for communication. The Taxonomy of Language framework proposed 

by Bloom and Lahey (1978) integrates three significant components of language: form, 

content, and use. The form of language includes syntax, morphology, and phonology, 

which are structural aspects of language. The content involves semantic components of 

language, such as vocabulary knowledge and understanding of objects and events. The 

use of language relates to pragmatics, which involves the ability to use language in 

social contexts. These components of language contribute to linguistic communication 

through various aspects, including phonological, semantic, syntactic, morphemic, and 

pragmatic knowledge.  

In psychology, language is defined as a specific communicative system that enables 

people to express or communicate thoughts, feelings and ideas through verbal and 

non-verbal structures, including speech sounds and written symbols used by a 

particular group of speakers with distinctive vocabulary, grammar, and phonological 
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systems, and through alternative communication methods, such as sign language (APA 

Dictionary of Psychology, 2007). Owens (2020) defines language as a socially shared 

code or system of symbols, such as signs and words, for thinking and communication 

with others. Overall, definitions of language emphasise the communicative nature of 

language, the symbolic systems, grammatical structure, and cultural contexts. 

2.3.3.2 Communication.  

Definitions of communication share several similarities, conceptualising 

communication as a process that is both symbolic and transactional. Communication is 

described as a continuous and complex process that unfolds over time. For instance, 

one definition views communication as the process of the communicator transmitting 

stimuli, typically through verbal means, to modify the behaviour of audiences (Hovland 

et al., 1953). The definition by Hovland et al. focuses narrowly on verbal signals, and it 

overlooks other essential aspects of communication, including non-verbal messages 

such as facial expressions and body language. In contrast with the definition of Hovland 

et al. (1953), the definition by Kuhl (2004) acknowledges the importance of both non-

verbal and verbal use of language in interacting with others and considers interactional 

use of verbal and non-verbal language a crucial element for language development. 

Further, Kuhl’s definition aligns with perspectives of communication as fundamentally 

symbolic in nature. Communication relies on signs and symbols (either verbal or non-

verbal) that represent shared meaning that does not necessarily have an inherent or 

natural connection with the signs or symbols. The symbols are simply agreed upon, 
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with interpretation learnt through social connections and day-to-day communicative 

transactions. The transactional view of communication emphasises the role of feedback 

from the receiver. This can be observed in the definition by West and Turner (2017), 

which defines communication as a dynamic and transactional process where individuals 

create, share, and interpret messages to convey meaning and establish connections. In 

summary, these definitions collectively agree upon the multi-dimensional nature of 

communication as a dynamic process invoking various components, such as symbols 

and contexts. 

The variations in how communication is conceptualised pertain to its social nature 

and intentionality. The social nature of communication encompasses interpersonal and 

intrapersonal communication and its impact on individuals in our surroundings. The 

social nature is exemplified by a definition that characterises communication as a social 

exchange (Goyer, 1970). Debates surrounding communication as intentional or 

unintentional behaviour relate to the complex nature of communication. This includes 

distinctions between spoken, intentional communication and body language that may 

unintentionally convey actual feelings or reactions; and symbolic or metaphorical 

communication that often conveys nuanced and culturally situated ideas (Miller, 2005). 

These distinctions align with the argument by Kellermann (1992) that communication is 

receiver-directed and intentional, sometimes unconscious and often guided by cultural 

scripts and ingrained habits. Overall, the variations in definitions of communication 

highlight the social nature of communication and ongoing discussions regarding its 
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intentionality. The various definitions shed light on the complexities of communication, 

including shared experiences, intentional nature and various behaviours involved. 

2.3.3.3 Communicative Competence.  

Building on the understanding of communication, communicative competence 

refers to the combined knowledge of language and underlying skills that enable 

effective communication. Initially defined by Dell Hymes (1972), communicative 

competence encompasses individuals’ knowledge of forms and structures (grammar) of 

language and their ability to apply them in social situations (i.e., how well they 

perform). However, Canale (1980) later refined Hymes’s definition by removing the 

performance aspect and proposing four components of communicative competence: 

(1) grammatical competence, which involves knowledge of sounds, letters, syntax and 

other elements; (2) sociolinguistic competence which encompasses awareness of 

sociocultural rules that determine language acceptability; (3) strategic competence, 

which entails utilising communication strategies to deal with interactional breakdowns 

and optimise learning strategies; and (4) discourse competence, which focuses on 

creating cohesive and coherent textual structures. By differentiating skills from the 

performance of communicative tasks, this definition provides a useful framework, such 

that communicative competence can be viewed as encompassing the comprehensive 

understanding of language and the associated skills that enable speakers to 

communicate effectively and appropriately in social contexts (Canale, 1980; Cazden, 

2011; Shugar, 1986). Competence, in this context, applies to speakers’ knowledge of 
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constructing and using language, rather than their performance in specific situations 

(Foster-Cohen, 2013). 

2.3.4 Domains 

 The definitions of language, communication, and communicative competence 

highlight the intricacies and complexities of skills and considerations within the 

development of the communicative system. For this research, the following sections will 

focus on receptive and expressive language capacities, as key domains of interest in 

children’s learning and development and aligned with the available information in the 

GUINZs.  

Receptive language refers to the ability to understand and interpret the language 

used by others, also viewed as language comprehension. It involves actively receiving 

and comprehending language through activities like listening or reading. In the early 

stages of language development, a child’s abilities with language are primarily 

receptive (Cheung et al., 2022; Stremel, 1994). As young children progress in their 

language development, they gradually gain the ability to receive and interpret 

language input, comprehend words, and understand sentences from their surrounding 

environment (Berk, 2013, 2016). Through language exposure, young children 

continually develop their receptive language skills to comprehend increasingly complex 

language structures and nuances. Receptive language is important for young children 

as it forms the foundation of their overall language development. 

Expressive language encompasses the capacity of individuals to express and 
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communicate information to others, also seen as language production. It involves using 

language skills to explicitly generate labels and activate related concepts internally 

(Feldman, 2019). In other words, expressive language is not only about making sounds 

but also intentionally and accurately matching the sounds and internal thoughts with an 

object or representation. This is complex and includes thinking processes of being able 

to recognise an object or concept, knowing the name or label for that object or 

concept, selecting and being able to express the name or label. Alongside conceptual 

understanding and vocabulary selection, language skills are used to produce a 

message, which includes speaking and writing (Landa, 2005; Smith et al., 2014; Stremel, 

1994). From the production of first words, young children gradually learn new 

vocabulary, phrases, and grammatical structures and create sentences (Berk, 2013). 

Children’s oral language develops earlier than written forms of language due to their 

early social interaction and the complexities of learning written language. As expressive 

oral language develops, children start to communicate with greater sophistication in a 

range of social contexts, and eventually facilitate effective communication. 

Definitions of receptive and expressive language emphasise that these capacities 

are distinct from each other, prompting discussions of whether language 

comprehension and production should be treated as separate, diametric questions for 

investigation, or viewed as interconnected aspects of language processing (Hendriks, 

2013; Pickering & Garrod, 2013). As indicated, receptive language (comprehension) and 

expressive language (production) are considered to involve separate cognitive 
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processes and abilities (Smolak, 1982). However, alternative perspectives suggest that 

language production and comprehension strongly overlap in neural circuits (Menenti et 

al., 2011; Skipper et al., 2005).  

2.3.5 Assessments of Language 

The relationships between receptive language (language comprehension) and 

expressive language (language production) have implications for measurement 

approaches to obtain valid profiles of children’s linguistic skills (Conti-Ramsden & 

Durkin, 2012). For example, the potential asymmetry in language comprehension and 

production development, such that the development of expressive language skills is 

dependent on receptive language skills, might imply that both dimensions should be 

measured. Research indicates that preschoolers frequently exhibit greater language 

comprehension capabilities than production, likely because language comprehension is 

more accessible than production in the early stages of development (Ibbotson, 2022). 

Specifically, language expression requires children to activate the appropriate words to 

convey their ideas, which can be more challenging than language comprehension. A 

child may grasp specific language characteristics but struggle to produce language that 

effectively represents knowledge.  

Previous research has employed various measures for assessing young children’s 

language abilities, ranging from instruments designed for general language abilities to 

those targeting specific dimensions of language, according to research purposes. 

Language assessments typically evaluate the general language abilities of children aged 
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over 3 years and commonly encompass both expressive and receptive language 

modalities, providing a comprehensive understanding of their overall language abilities. 

For example, the standardised Australian and New Zealand version of Clinical 

Evaluation of Language Fundamentals–Preschool Second Edition by Wiig et al. (2006) 

evaluates multiple aspects of language, including receptive language, expressive 

language, core language, language content and language structure. On the other hand, 

some measurements focus on a single modality of language, such as the Peabody 

Picture Vocabulary Test, which assesses the receptive vocabulary knowledge of children 

aged 2 years and above (Dunn, 2021; Rothman, 2005), or the second edition of 

Expressive Vocabulary Test (EVT-2; Williams, 2007) which assesses expressive 

vocabulary and word retrieval without involving reading or writing tasks. The diversity 

of language assessments reflects the distinct domains underlying children’s language 

development and highlights the importance of selecting appropriate tools that align 

with specific research or practical purposes (Denman et al., 2017). Researchers and 

practitioners can choose from a range of measurements tailored to capture the relevant 

dimensions of language skills.  

Two primary concerns are pertinent to the instruments used in New Zealand for 

assessing young children’s language development. First, most language assessments 

used in early learning have been developed in Western English-speaking contexts, with 

some instruments translated and adapted for use with non-English speakers. This 

means there are limited measures appropriate for dual or multi-lingual children for 
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whom English is not a primary language at home (Education Review Office, 2024). 

Multilingual children may develop language skills at a different rate compared to 

monolingual children, as they may mix grammar or vocabulary from different 

languages they are learning, leading to a longer processing time.    

Second, some instruments were designed to screen language problems, but they 

often lack diagnostic accuracy (Denman et al., 2017). This limitation is also evident in 

previous systematic reviews of screening for early language delay, which showed that 

while screening measurements may be adequate, they tend to have lower sensitivity 

than specificity in identifying language difficulties in children (Law et al., 1998; Law et 

al., 2000).  The use of parent report measures of children’s language and 

communication capabilities has been promoted as one way to overcome the 

shortcomings of direct assessments (Ebert, 2017). 

2.3.6 Summary 

To summarise, language skills are essential for young children’s development, 

influencing their social-emotional growth, cognitive abilities, and academic success. 

Language skills encompass a range of abilities, including understanding and expressing 

thoughts through verbal and nonverbal communication. Theories of language 

development—such as Chomsky’s nativist theory, Hymes’s communicative competence 

theory, social interactionist perspectives, and neuroscience findings on brain-language 

interconnections—highlight the complex interplay of social and cognitive factors in 

language acquisition. Key language components include receptive language 
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(understanding and interpreting language) and expressive language (conveying 

information through spoken or written words), both crucial for social interaction and 

learning. Assessments of language development often include tools measuring 

expressive and receptive capabilities, with measures tailored to specific skills like 

vocabulary or comprehension. However, these assessments present challenges, 

particularly regarding cultural and linguistic diversity, indicating a need for more 

inclusive and diagnostically accurate tools as well as supplementing tools with parent 

report measures to better understand and support children’s diverse language 

development trajectories.  

2.4 Executive Function 

Executive function refers to a set of cognitive processes that manage and regulate 

ongoing, goal-directed behaviours, with a focus on effortful control (Berk, 2013; 

Diamond, 2013). During infancy and preschool years, executive function develops 

rapidly, laying a crucial foundation for the subsequent maturation of advanced 

cognitive processes throughout adulthood (Garon et al., 2008). It may be useful to note 

that the use of the term executive function (EF) is relatively recent within early 

childhood education. While EF has been studied since the 1970s, advances in 

neuroscience have resulted in greater awareness of attention to EF in research. EF can 

be viewed as a subset of cognitive development that arose from work in cognitive 

psychology in the 1950s and later work on human memory systems, which proposed 

control processes in sensory register and short-term and long-term memory stores 
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(Atkinson & Shiffrin, 1968). The term control process was later adapted into ‘executive 

control’ by Belmont and Butterfield (1971) as cognitive models were applied to 

learning, particularly among individuals with disabilities. Karl Pribram is often credited 

as the first researcher to use the term executive function (Pribram, 1973). 

This section presents an overview of the evidence highlighting the significance of 

EF, explores key theories on the development of EF in young children, and defines EF 

and its essential components. The section concludes by discussing the assessment of EF 

in young children. 

2.4.1 Importance of Executive Function 

As a complex cognitive process involving regulatory mechanisms, EF enables the 

growth of adaptive, goal-oriented behaviours (Barkley, 1997, 2001; Carlson et al., 2013; 

Hughes & Ensor, 2011; Hughes & Graham, 2002). Early EF is associated with gross 

motor skills and physical activity and significantly contributes to the development of 

young children’s social and emotional competence and cognitive abilities including 

self-regulation and language, and later-life outcomes such as school readiness, and 

academic success (Blair & Razza, 2007; Cook et al., 2019; Diamond, 2016; Espy et al., 

2004; McClelland et al., 2007; Veldman et al., 2023; Welsh et al., 2010). EF equips young 

children with the ability to exercise top-down attentional control over instinctive or 

impulsive thoughts and responses, enabling them to manage their thoughts, emotions, 

and behaviours in social interactions, develop secure relationships and explore the 

surrounding world (Berk, 2013; Diamond, 2016; Gooch et al., 2016). Furthermore, 
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research has explored relationships between children’s fundamental motor 

development or physical activity and EF to find a range of associations that suggest EF 

and motor skills influence each other in important ways (Cook et al., 2019). Additionally, 

higher levels of EF skills are linked to improved literacy, numeracy, and mathematics 

skills upon entering school (Bull et al., 2008; Bull & Lee, 2014; Prager et al., 2023; Welsh 

et al., 2010). In short, EF is important in facilitating effective social interactions, 

associated with motor development and physical activity, and supports academic 

learning.  

Deficits in early EF are associated with difficulties in social functioning, academic 

underachievement in later school years and poor outcomes in individuals with ADHD, 

as shown in studies involving clinical and community-based participants (Biederman et 

al., 2004; Castellanos et al., 2006; Clark et al., 2010; Fan & Wang, 2023; Morgan et al., 

2019; Willcutt et al., 2005). Clark et al. (2002) demonstrated that lower levels of EF carry 

social consequences, while Biederman et al. (2004) found a high risk of significant 

academic impairments in individuals who lack EF skills. Moreover, research has 

indicated that deficits in EF, especially in inhibitory control in young children, are 

associated with increased difficulties in language and literacy (Gooch et al., 2016; Pauls 

& Archibald, 2016). Additionally, children who struggle with manipulating information 

in working memory, applying cognitive strategies flexibly, and inhibiting inappropriate 

strategies or information are more likely to encounter conceptual challenges in various 

aspects of mathematics (Clark et al., 2010). Overall, various areas of young children’s 
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lives are significantly influenced by EF. 

2.4.2 Theories of Executive Function 

Theoretical perspectives regarding the development of EF have provided a 

framework for the conceptualisation and evaluation of the construct. In this section, I 

outline three fundamental theoretical perspectives on EF to provide an overview of key 

processes linked to its development. The selected theories encompass Luria’s 

developmental perspective and cognitive and neuroscience perspectives, including 

Miyake and Friedman’s Model of Executive Functions. These brain-focused theories are 

briefly considered in the context of education-based perspectives. 

Expanding on Vygotsky’s cultural and historical theory related to language and 

thought, the development of neurological structures responsible for advanced 

cognitive abilities, including memory and attention, was postulated by Luria’s 

neurodevelopmental model (Luria, 1963, 1966, 1973, 1980), and stages of higher 

cortical maturation related to specific developmental stages. Luria’s model delineated 

five distinct stages for brain and EF development that include development of stem 

structures (0-1 year), activation of the primary sensory areas (1-2 years), development 

of single modalities in the secondary association areas of the brain (2 to preschool 

years), activation of tertiary areas of the parietal lobes (commencing as the child enters 

school at 7-8 years), and activation of the brain (from 8 years to adulthood). Luria’s 

conceptualisation of cognitive functions involved three separate yet interconnected 

functional units, including (1) attention and arousal regulation; (2) processing and 
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storing information; and (3) planning and regulating activity. Notably, the third 

functional unit, associated with the prefrontal areas of the frontal lobes, aligns most 

closely with what we now understand as executive function. Luria’s insights into frontal 

functions were insightful and laid the foundation for subsequent research, including the 

‘supervisory attentional system’ (SAS) model that described processes for controlling 

and regulating attention when situations offered novel experiences, or the need to 

make new decisions (Shallice, 1988). However, research contributions from this time 

had key limitations. These limitations encompass biases stemming from clinical 

observation-based reports, which often lack quantitative rigour, and the early 

neuropsychological research constraints, including imprecise observations due to the 

absence of CT or MRI techniques. 

Fortunately, recent developments in cognitive and neuroscience research, with the 

assistance of rapidly advancing technology, have allowed for a more comprehensive 

exploration of the brain, its organisation, functioning, and the underlying physiology 

that includes neurons, synapses, and neural networks (Fischer & Daley, 2006). These 

fields emphasise the importance of studies focusing on specific and experimentally 

approachable hypotheses regarding how the brain responds to simple stimuli (Turk et 

al., 2002). Building on earlier research on the frontal cortex and EF (Luria, 1966; Shallice, 

1988; Stuss et al., 1995), Baddeley (1986) introduced the concept of the central 

executive as a scientific construct, hypothetically linked to the frontal cortex. Baddeley’s 

conceptualisation of the central executive aligns with the ‘supervisory attentional 
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system’ (SAS) model developed by Norman and Shallice (1986), which distinguishes 

between actions performed without awareness and situations requiring deliberate 

attentional resources. Initially, EF was considered a unitary construct composed of 

interacting subprocesses operating within an overarching processing system to achieve 

a common overall function (Baddeley, 1986; Norman & Shallice, 1986; Shallice, 1988; 

Stuss et al., 1995). Another way to describe this view of EF is as a single integrated 

system or a central management system, in which different mental processes work 

together, managing complex cognitive tasks. More modern views of EF now posit that 

it is a multi-dimensional construct with distinct but interrelated components, such as 

inhibition, working memory, cognitive flexibility, and planning (Ackerman & Friedman-

Krauss, 2017; Miyake et al., 2000).  

Specifically, the Model of Executive Functions by Miyake et al. (2000) identified 

three core components of executive function: shifting (i.e., flexibly switching between 

tasks); updating (i.e., keeping information in working memory); and inhibition (i.e., the 

ability to suppress automatic responses). These researchers went on to propose a Unity 

and Diversity Theory that emphasised that while the three components of EF share 

common cognitive processes, they also support specialised functions and individuals 

may vary in their performance across these capabilities (Friedman & Miyake, 2017).  

Connecting to educational perspectives, the insights into EF have gained traction in 

education in recent years and are increasingly being integrated into educational 

practices to inform teaching and learning, and are reshaping the landscape of 
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educational and learning contexts. There is controversy in the interpretation of EF 

concepts, including aspects of working memory, and how they are perceived differently 

by professionals from diverse backgrounds, such as those rooted in brain-based and 

school-based backgrounds (Grammer & Ahmed, 2023). For instance, measuring EF 

may be limited to experimental environments rather than classroom settings. The 

extent to which the assessments can reflect children’s EF skills in the classrooms is not 

clear (Cameron et al., 2012). While controversies continue in numerous theories and 

models in explaining the development of the EF process (Meltzer et al., 2018), 

variations also manifest in the definitions and the specific skills included in EF models. 

2.4.3 Definitions  

Although research on EF development in early childhood has seen significant 

advancements since the 1990s (Espy, 1997; Gerstadt et al., 1994; Hughes, 1998), there 

remains an ongoing lack of consensus regarding its definitions and the underlying 

constructs of measurement. This lack of agreement can be attributed to two key 

factors, noted by Fletcher (1996). First, EF encompasses a wide spectrum of cognitive 

functions, such as working memory, inhibitory control, and cognitive flexibility, resulting 

in a diversity of its definitions. Second, EF’s latent constructs are inseparable, with 

measurement tasks often encompassing multiple facets of attention and memory that 

are often designed to target specific components of EF, such as working memory or 

inhibitory control, and can be scored separately (Miyake et al., 2000). Despite 

advancements, it remains imperative to exercise prudence and diligence when 
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operationalising and investigating this pivotal cognitive domain.  

While considerable research has been conducted on EF, there remains a limited 

consensus regarding a universally accepted operational definition of EF (Blair & Razza, 

2007). Diverse definitions include various skills and abilities derived from distinct 

neuropsychological instruments identified in current literature (Barkley, 2021; Goldstein 

et al., 2014; Wasserman & Wasserman, 2013). The definition of EF by Welsh and 

Pennington (1988) is “the ability to maintain an appropriate problem-solving set for the 

attainment of a future goal” (pp. 201-202). This definition is commonly cited by many 

authors. A more modern definition provided by Lezak et al. (2012) conceptualised EF as 

encompassing capacities that enable a person to engage successfully in independent, 

purposive, self-serving behaviour. Common features in various definitions of EF are 

goal-setting and planning, organisation of behaviours over time, flexibility, attention, 

working memory and self-regulatory processes, such as self-monitoring (Meltzer et al., 

2018). A good example is the definition from Blair (2002) that EF is a cognitive construct 

that unites working memory, attention, and inhibitory control for planning and 

executing goal-directed activity. Berk (2013) views EF as the set of operations and 

strategies necessary for self-initiated, purposeful behaviour in challenging situations. 

Overall, EF can be understood as a general term used to identify the complex cognitive 

processes that serve ongoing, goal-directed behaviours.   

2.4.4 Domains  

Due to the absence of a universally agreed-upon definition of EF, there is no 
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consensus regarding which components should be encompassed under the construct, 

what specific skills should be called, and how they should be measured (Wasserman & 

Wasserman, 2013). In child development research, the understanding of EF has 

broadened by employing three- or four-factor models to examine its components in 

various studies. For instance, three factors commonly include working memory, 

inhibitory control, and cognitive flexibility (Caporaso et al., 2019; Diamond, 2013, 2016; 

Miyake et al., 2000), and four factors often encompass working memory (mentally 

representing information), inhibition, intentionality (goal-directedness) and planning 

(Anderson, 2002; Lezak et al., 2012). Diamond (2016) asserts that EF comprises: 

inhibitory control, involving complex psychological processes in cognitive control to 

stay focused and resist temptations; cognitive flexibility, allowing individuals to change 

course as needed; and working memory, allowing individuals to retain and process 

information in the mind, while using that information for cognitive tasks. Anderson 

(2002) conceptualised the executive system with four components: attentional control, 

allowing individuals to focus and shift attention as needed; information processing, 

allowing individuals to receive, organise and interpret information; cognitive flexibility, 

allowing individuals to adapt thinking, consider other perspectives and adjust strategies 

and actions as needed; and goal setting, allowing individuals to plan, prioritise, and 

pursue goals.  

Regardless of whether a three- or four-factor perspective is taken, key components 

of EF are viewed as distinct yet interlinked. Contemporary research on EF underscores 
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its multidimensional nature, highlighting the dissociable processes and the distinction 

of cognitive processes such as working memory and inhibitory control, which can be 

differently affected by a range of factors and which can be studied or measured 

separately (Baggetta & Alexander, 2016; Barkley, 2001, 2012; Carlson et al., 2004). 

Components of EF, such as working memory and inhibition, have been shown to 

possess dissociable characteristics, including varying developmental trajectories and 

timing (Carlson, 2005; Diamond, 2002, 2006, 2013). The present research specifically 

centres on three frequently employed core components of EF: inhibitory control, 

working memory, and cognitive flexibility.  

Inhibitory control involves consciously suppressing one’s focus or subsequent 

reactions (Diamond, 2013). This entails the ability to manage attention, behaviour, 

thoughts, and/or emotions, overriding strong internal predispositions or external 

temptations to engage in more appropriate or necessary actions, such as intentionally 

disregarding distractions or refraining from making impulsive statements. The 

development of inhibitory control occurs rapidly during the preschool years (Diamond, 

2006). Inhibitory control empowers individuals to actively choose and alter their 

reactions and behaviours rather than merely acting as instinctive creatures of habit. 

Although inhibitory control is notably challenging for young children, it holds a vital 

role in regulating behaviour and attention span (Diamond, 2013). Early-life inhibitory 

control may serve as a predictor of lifelong outcomes (Moffitt et al., 2011). 

Working memory involves the process of retaining information within one’s 
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immediate awareness and mentally manipulating it in multiple ways (Baddeley & Hitch, 

1994; Smith & Jonides, 1999). For instance, working memory may involve 

simultaneously holding two numbers in mind while performing subtraction operations. 

The development of working memory commences early in life, with infants and young 

children demonstrating the ability to retain one or two things in mind for extended 

periods (Nelson et al., 2016). Working memory is important in understanding 

connections between elements from an integrated perspective, such as creative 

endeavours that involve disassembling and recombining elements in novel ways. 

Moreover, working memory enables the utilisation of conceptual knowledge to guide 

the plans and decisions we make (Diamond, 2006, 2013).  

Cognitive flexibility refers to the capacity to flexibly shift perspectives and consider 

a single stimulus from diverse perspectives (Miyake et al., 2000). An illustrative instance 

involves the ability to shift attention from a self-centred viewpoint to consider another 

person’s standpoint in a given situation. Substantial enhancements in cognitive 

flexibility are evident during the preschool years (Diamond, 2006), but this ability tends 

to diminish with age (Magnusson & Brim, 2014). During early childhood, children 

demonstrate the ability to adhere to a single rule (e.g., sorting by colour), then 

sequentially switch between two rules (e.g., sorting by colour and then by shape), and 

eventually transition between sets of higher-order rules (Zelazo et al., 2003).      

In general, EF undergoes significant development during early childhood, with 

notable improvement observed in inhibitory control and cognitive flexibility. The above 
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three-factor structure is commonly explored in EF research, which offers a nuanced 

understanding of an individual’s cognitive abilities. Incorporating these three domains 

into research allows researchers and practitioners to evaluate distinct facets of EF 

abilities during early childhood years when EF experiences substantial improvement. 

The following section will present an overview of the development and challenges 

encountered in assessing EF among young children, along with a synopsis of four 

distinct types of measures designed for evaluating EF in young children. 

2.4.5 Assessments of Executive Function 

The advancement of research on EF in young children has prompted the 

development of new assessment tasks and enhancements to existing EF tests (Diamond 

& Taylor, 1996; Gerstadt et al., 1994). Earlier attempts to measure children’s EF involved 

adapting simplified versions of tasks designed for examining EF in adults, primarily due 

to challenges in designing effective tests for data collection and the absence of 

comprehensive measurement tools during early childhood (Espy, 1997; Whitters, 2019). 

For instance, tasks originally designed for adults and school-aged children, such as the 

Tower of Hanoi, are later employed among preschoolers to evaluate diverse cognitive 

skills, including working memory and rule application (Simon, 1975; Welsh et al., 1991). 

These tests may be of little relevance to young children and lack normative information 

concerning developmental expectations (Anderson, 2001). Additionally, due to its 

synonym with frontal lobe function, early research on EF in children focused on 

assessing executive dysfunction within atypical participant populations, such as those 
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with traumatic head injury, attention deficit hyperactivity disorder, autism, and 

premature birth (Barkley, 1997; Espy et al., 2002; Levin et al., 1996; Zelazo et al., 2002). 

Tasks applied to these populations may not apply to typically developing children 

(Barkley, 1997; Espy et al., 2002; Levin et al., 1996; Zelazo et al., 2002). Tasks like the 

Wisconsin Card Sorting Test (WCST) were originally designed to measure frontal lobe 

dysfunction in individuals with acquired brain injury and are less commonly used in 

typically developing children.  

To address the challenges previously described, later studies have explored four 

categories of measures within the extensive array of instruments and tasks designed to 

assess EF and its components (Silva et al., 2022), which include self-report 

questionnaires, informant-report questionnaires, laboratory-based assessments, and 

neuropsychological tests. Direct cognitive tasks in the preschool period include 

measures such as the Dimensional Change Card Sort task (Zelazo et al., 1995), Luria’s 

tapping and hand tasks (Luria, 1980), Go/No-Go (Livesey & Morgan, 1991), and the 

Day-Night Stroop-like task (Gerstadt et al., 1994). While laboratory-based measures 

and neuropsychological tests exhibit high construct validity, they may lack ecological 

validity (Anderson, 2002; Uddin, 2021). These assessment processes require well-

structured and relatively quiet environments with minimal distractions, making them 

seldom accessible in real-life settings (Sbordone, 1996). Some of these measures are 

more universally accepted, underscoring the variation among individual researchers in 

determining the most effective tests for assessing executive function (Carlson, 2005). 
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Caution is needed when interpreting the performance of EF measures in young children 

(Fletcher & Taylor, 1984). 

2.4.6 Summary 

To summarise, executive function (EF) is a critical set of cognitive processes that 

manage goal-oriented behaviours, particularly those requiring self-control and 

attentional regulation, and these processes are foundational for children’s cognitive, 

social, emotional, and physical development as well as academic achievement. EF 

encompasses multiple components, including inhibitory control, working memory, and 

cognitive flexibility, which are developed rapidly during early childhood and are 

influenced by both brain development and educational experiences. Various theoretical 

models, including work by Luria, Miyake, and Friedman, set the foundation for a 

modern understanding of EF. Yet, the absence of consensus on EF definitions 

complicates assessments, highlighting the importance of a holistic understanding of EF 

beyond individual components. Ongoing challenges persist in assessing EF in children 

due to a lack of methodological agreement on EF, and caution is advised when 

interpreting EF measures in young children. 

2.5 Chapter Summary  

This chapter explored the four domains of development that are the focus of this 

study: social competence, emotional competence, language, and executive function. 

These areas were selected because of my interest in understanding key affective and 

cognitive capabilities that are highly associated with children’s prosocial behaviour. As 
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identified in the importance section of each capability, there are strong associations 

between the selected capabilities as well as a range of other outcomes for children, 

such as school readiness, academic achievement, and overall well-being.   

Theories, definitions, and common approaches to the assessment of each area 

were discussed to set the context for the present research. However, the present 

research does not seek to look at these constructs individually through variable-

centred approaches, as is the case for a range of research that has been presented in 

this chapter. The next chapter, therefore, looks at social competence, emotional 

competence, language, and executive function through holistic and person-centred 

perspectives. This includes how child-specific identities, such as gender or ethnicity, 

may relate to each area of children’s capabilities, which has implications for considering 

and examining fairness in the assessment of these constructs. The next chapter 

specifically considers and presents the methodological approaches used to research 

children’s learning and development holistically and fairly.  
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Chapter 3 Holistic Views of Development and Observed Subgroup Variations 

Chapter 2 described each key area of interest for the present study to provide 

background on the theoretical foundations, common definitions and descriptions, and 

issues of measurement for each construct. Describing each area separately was not 

intended to imply that they function as independent characteristics. A key premise of 

the present research is that capabilities operate interactively within the cognitive and 

affective or mental and behavioural systems, as has been highlighted in the importance 

section for each area in the preceding chapter.  

The present chapter is a further review of the literature focused on development as 

a holistic, integrated concept and considers young children's interdependent and 

interconnected capabilities, adopting a holistic perspective. This chapter examines 

critical methodologies for clustering young children’s capabilities (social, emotional, 

language, and executive function), emphasising a person-centred, holistic approach. 

This includes an overview of research that has used person-centred methods to 

examine children’s learning and development. To better understand children’s 

capabilities, the role of gender and ethnicity (as observed grouping variables) is 

explored in terms of how these may impact the measurement of constructs. The 

chapter ends by overviewing methodological approaches to address the comparability 

of measures across observed subgroups (gender and ethnicity) and results of the 

person-centred model (unobserved subgroups, which will be explained below). Key 

measurement invariance methods highlighted in this chapter include multiple-group 
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confirmatory factor analysis (MG-CFA) and differential item functioning (DIF). Taken 

together, the literature presented in this chapter sets the stage for the present study. 

Please note that the acronym for measurement invariance (MI) and other key 

methodological approaches are presented in full at key points throughout the chapter 

to aid the reader in clarity for each relevant section.    

3.1 The Interwoven Nature of Social, Emotional, Language and Executive Function 

Capabilities  

A guiding principle of holistic views of a child’s learning and development is the 

interconnectedness of various dimensions such that capabilities influence other 

capabilities as children learn and grow (Johnson, 2023; Magnusson, 1995). For example, 

higher social-emotional competence is linked with reduced behavioural and emotional 

issues cross-sectionally (Zava et al., 2024) and longitudinally (Goodman et al., 2015), 

while improved behaviour management skills positively correlate with increased 

engagement in preschool activities among young children (Martinsone et al., 2022; 

Ornaghi et al., 2017). Similarly, deficiencies in social-emotional competence can lead to 

problematic behaviour, emotional difficulties, and peer rejections (Fantuzzo et al., 

2003). Peer relations and prosocial behaviours that contribute to the development of 

social competence are associated with other key variables, such as executive function 

(O'Toole et al., 2017). For instance, young children’s prosocial behaviours, such as 

sharing, require inhibitory control and cognitive flexibility, which are central to executive 

function. Preschool children demonstrating greater prosocial behaviour and peer 
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acceptance may develop higher executive function abilities through social interaction 

competence, including emotional and behavioural regulation and empathy (Hughes & 

Ensor, 2011; Masten et al., 2012; Moriguchi et al., 2020; Paulus et al., 2015). Moreover, 

the development of executive function in early childhood significantly predicts 

achievement in social-emotional skills over time (Diamond, 2006, 2016; Diamond & 

Taylor, 1996) and is cross-sectionally associated with the development of social-

emotional competence and academic success (Brock et al., 2009; Horowitz-Kraus et al., 

2016; Kim et al., 2013). Poor executive function among young children may manifest as 

internalising or externalising behaviour problems (Cumming et al., 2022; Flouri et al., 

2017; Thorell et al., 2004). Furthermore, preschoolers’ language abilities contribute to 

developing emotional understanding (Denham & Grout, 1993; Denham et al., 1994). 

What becomes clear from these examples is that social and emotional capabilities, 

executive function, and language abilities are intricately intertwined, developing 

concurrently with patterns, connections, and interconnections. This interwoven nature 

underscores the significance of viewing children’s overall well-being through a holistic 

lens, considering multiple aspects of development.  

Understandings of holistic development are typically explored theoretically and 

have often been applied in early learning theories and educational approaches. Holistic 

development can also be explored methodologically to better understand the 

interrelationship and dynamic influences of children’s capabilities, including how 

patterns of development occur within and across children. The two subsequent sections 
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explore each of these aspects of holistic development in turn (i.e., theories and 

methods). Importantly, understanding the extent to which holistic development is 

viewed as uniform, linear, fixed, predictable, and universal, or whether holistic 

development is viewed as dynamic, non-linear, differential, contextual (cultural), and 

with multiple trajectories, depends on the theories, methods, and perspectives taken.  

3.2 Theoretical Views of Holistic Development  

The interconnectedness of children’s learning and development necessitates an 

integrated, holistic view that acknowledges the multifaceted growth and learning. Such 

holistic views recognise children as complete entities and underscore the dynamic 

interaction between various aspects of children’s learning and development alongside 

influences that drive learning and development. Holistic views also provide valuable 

insights for theoretical frameworks and empirical studies, revealing the integrated, 

dynamic, and multifaceted nature of child learning and development, while discerningly 

addressing both similarities and distinctions of children’s learning and development in 

their application to early childhood education and teaching practices. Key theoretical 

perspectives reflecting holistic development include dynamic systems and ecological 

perspectives, as well as theories that focus on individual child development. These 

perspectives, in turn, have informed holistic teaching and learning approaches in early 

childhood education. Within New Zealand, Western knowledge about children’s 

learning and development is complemented by Indigenous views of child development. 

Each of these is described to further set the context for the present research. 
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Holistic learning theories acknowledge the interconnectedness of all facets of 

children’s development and learning and emphasise the holistic development of 

individuals through fostering connections between learners, teachers, the community, 

and the broader world while integrating real-life experiences into learning (Johnson, 

2023; Marjolein & Maddie, 2023). Dynamic systems theory posits that a child’s mind, 

body, and physical and social surroundings form an integrated system that guides their 

learning and development (Fischer & Bidell, 2006; Fischer & Daley, 2006). This theory 

posits that children’s physical and social environments influence their universal 

development. Any alteration within this system disrupts the existing relationship 

between the organism and its environment (Fischer & Bidell, 2006; Thelen & Smith, 

2006). Bronfenbrenner’s bio-ecological model (Bronfenbrenner, 1979, 1986; 

Bronfenbrenner & Ceci, 1994) focuses on the bi-directional interaction between 

individuals and various levels of their environment, highlighting the environment’s role 

as a complex system influencing individual differences and the influence of the 

individual on the system. Bronfenbrenner also illustrated the nested system as 

constantly evolving, reflecting dynamic system perspectives in child development. 

Similarly, dynamic perspectives envision children’s development as evolving patterns 

with stability existing at any given point, as illustrated by Fischer and his colleagues, 

who depict development as a network of interconnected strands across physical, 

cognitive, and social-emotional domains (Fischer & Bidell, 1998; Fischer & Bidell, 2006; 

Fischer & Daley, 2006). These perspectives offer insights into understanding individual 
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differences and the complexities of child development and highlight the roles of the 

dynamic development process and interactions with the environment. 

Alternative developmental perspectives hold implications for understanding the 

distinctions between typical and atypical individual functioning from holistic viewpoints, 

acknowledging children’s learning and development as intricate, dynamic processes. 

Cairns (1979) suggested that individual differences originate from genetic and 

biological factors as the primary influencers of functioning. Piaget’s cognitive theory 

stands out as a significant framework for conceptualising individual development, 

presenting it as either stagewise or involving continuous change (Piaget, 1948; Piaget, 

1983). For Piaget, the integration of different areas altered with each successive stage 

of development; however, development was generally viewed as following a logical or 

uniform order.  

Possibly one of the most influential theories for holistic development in early 

childhood education is Vygotsky’s sociocultural view of development (Vygotsky, 1978). 

This theory highlights that the dynamic interplay of cognitive, social, emotional, and 

cultural factors cannot be separated. Notably, Vygotsky emphasises language as a 

particularly important area of development that mediates across other domains such as 

social, emotional, and other cognitive functions (Wertsch, 1985).  

Current early childhood educational approaches, such as the Reggio Emilia and 

Montessori approaches, exemplify the holistic learning and education perspectives. 

Reggio Emilia’s approach provides diverse resources and multiple ways of learning, 
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fostering collaborative research and dialogue among children, their teachers, and 

parents (Brandao & Theodotou, 2020; Edwards et al., 2011). Children’s learning in this 

framework is shaped by their interactions with various resources and environments, 

encouraging real-life experiences and exploration through multiple ways and 

environments (Adams et al., 2016; Marjolein & Maddie, 2023). Conversely, the 

Montessori educational method prioritises child-centred learning, focusing on the 

development of a whole child and utilising various materials to facilitate optimal 

learning (Montessori, 1995). These contemporary educational philosophies underscore 

the interconnectedness of all dimensions of children’s learning and development and 

promote a holistic approach aimed at nurturing individual capacities and talents, 

supporting learners’ growth and shaping teaching practices in early childhood 

education settings (Marjolein & Maddie, 2023).  

Indigenous views of holistic development in New Zealand are embodied through 

frameworks like the early childhood curriculum—Te Whāriki, Kaupapa Māori approach 

and the Māori health and well-being model—Te Whare Tapa Whā (Gibbs, 2023; 

Marjolein & Maddie, 2023; Ministry of Education, 2017; Rochford, 2004). Te Whāriki 

identifies various aspects of children’s social, emotional, cognitive, physical, cultural, and 

spiritual learning and development and acknowledges the interconnectedness of these 

domains from a holistic lens. This holistic view guides a comprehensive early childhood 

curriculum and helps shape a rich learning environment that nurtures children‘s 

capabilities across all domains (McLachlan, 2018; Ministry of Education, 2017). 
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Moreover, the Indigenous view, such as the Māori worldview (Te Ao Māori), stresses the 

connections between the wider family and ancestry (whānau and whakapapa) and with 

the natural world (Rameka et al., 2021). These connections are viewed holistically and 

inform Māori health and well-being (Ministry of Education, 2009). The Māori health 

model—Te Whare Tapa Whā, encapsulates four aspects of health and well-being: Taha 

Tinana (physical), Taha Wairua (spiritual), Taha Hinengaro (psychological), and Taha 

Whānau (relational) (Durie, 1994; Rochford, 2004). These indigenous perspectives 

reflect an understanding of holistic approaches that emphasise the interconnectedness 

and interdependence of multiple aspects of learning and development, health, and 

well-being.  

To sum up, theories acknowledge the significance of each capability and the 

interwoven nature of these capabilities. Holistic development theories support and 

reflect an increased understanding of the integrated way in which children develop 

competencies, and can help inform the design and delivery of effective early childhood 

education (Konold & Pianta, 2005). A range of perspectives highlight the 

interconnectedness of a child’s learning and development from a holistic lens, which 

prioritises dynamic, complex processes of individual functioning and advocates for 

integrating factors within a theoretical framework.  

Research on holistic views of children has often focused on the formulation of 

issues and outcomes across distinct aspects of learning and development, which are 

then interpreted within a unified theoretical framework, without necessitating the 
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simultaneous study of the entire individual system. Such focused research endeavours 

make an important contribution to understanding the parts that make up the whole. 

However, methodological advancements support more comprehensive investigations 

of children’s interconnected capabilities of children. These approaches are explored 

further in the following section. 

3.3 Person-Centred Analysis Methods 

“Behaviour, whether social or non-social, is appropriately viewed in terms of an 

organised system, and its explanation requires a ‘holistic analysis’ ”(p. 325). 

- Cairns (1979) 
 

The holistic view of development offers a theoretical framework for research design 

and employing analytical techniques. Correspondingly, David Magnusson’s discussion 

(1995) on individual development through an integrated, holistic interactional lens 

advocated for a person-centred approach to capturing the complexity of individual 

development, recognising that people may share combinations of characteristics that 

meaningfully cluster together. Magnusson emphasised the importance of studying 

patterns and configurations within and across individuals (Magnusson, 1995; 

Magnusson & Törestad, 1993). Building on Magnusson’s recommendations for research 

on children’s learning and development, previous studies have revealed the presence of 

identifiable patterns of children’s capabilities (Abenavoli et al., 2017; Christensen et al., 

2020; Collie et al., 2019; McLaughlin et al., 2018; Russell et al., 2022). Accessing 

methodological tools that align with the complexities of individual functioning and 
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development processes facilitates advancements in research. Adopting a person-

centred approach to research reflects a holistic understanding of theoretical concepts. 

Moreover, investigating the composition and distinctiveness of various groups can yield 

insights valuable for early intervention.  

In contrast to the variable-centred approach, which addresses the associations 

between variables, the person-centred approach offers a holistic and dynamic 

perspective that complements and extends variable-centred research. The person-

centred approach views individuals as an integrated whole that comprises multiple 

attributes and considers intraindividual variation in different components. The person-

centred approach examines shared attributes or relations among attributes rather than 

as a summation of variables (Bergman & Magnusson, 1997; Magnusson & Allen, 1983, 

p. 17). This approach delineates individual differences by examining the interaction 

between variables, specifically by identifying groups of individuals who share similar 

functioning at the organismal level while differing from others within the same level 

(Laursen & Hoff, 2006; Magnusson, 2003). Through person-centred analysis methods, 

individuals are grouped together based on patterns of the capabilities across relevant 

variables, offering insights into the homogeneity and heterogeneity in individuals' 

capabilities. Examples of person-centred analytical methods include cluster analysis (i.e., 

k-means cluster), latent class analysis (LCA), and latent profile analysis (LPA). These 

methods have been employed across a range of disciplines, including early learning, to 

explore similarities and differences in young children’s social-emotional and cognitive 
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capabilities, academic learning and health status (Collie et al., 2019; Denham et al., 

2012; Russell et al., 2022; Sandilos et al., 2019; Thomson et al., 2017; Thomson et al., 

2019).  

Table 3-1 presents an overview of five key studies employing a person-centred 

approach to categorising social-emotional learning, school readiness, and 

developmental and health difficulties among preschool-aged children. Notably, studies 

included in Table 3-1 were not selected through a systematic literature review process. 

Instead, these studies were selected and described, because they offer insights into the 

nature and types of shared patterns in children’s learning and development using 

person-centred methodologies from quantitative perspectives, with particular relevance 

for the capabilities studied in the present research, such as the inclusion of variables 

related to social, emotional, language and executive function capabilities and/or similar 

samples. The existing literature contains additional person-centred studies of child 

development that are beyond the scope of this review. The chosen studies are 

illustrative of the types of findings from person-centred approaches and will also be 

used to contextualise findings from the present research. Key characteristics and 

findings of each selected study are presented in the table, followed by a narrative 

description of each study. 
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Table 3-1  

Summary of Selected Person-Centred Studies on Characteristics in Children Aged 4 to 6.5 Years  

Citation Overview of  the study Country Sample 

size 

Capabilities Analysis 

method 

Measures of profile indicators Domains Number of 

profiles 

Label of profiles  Entropy 

Denham et 

al. (2012b) 

The study identified distinct 

groups of young children's 

emotional knowledge, self-

regulation, and problem-

solving patterns and 

observed social and 

emotional behaviour. 

Sequentially, the study also 

revealed that group 

members differed in 

demographic variables of 

gender and centre types 

and in later school success 

indices.  

United 

States of 

America 

275 Social-

emotional 

learning, 

including 

emotional 

knowledge, 

emotional 

and social 

behaviours, 

social 

problem-

solving, and 

self-

regulation 

K-means 

clustering  

(1) Affect Knowledge Test  

(2) Preschool Self-Regulation 

Assessment  

(3) Social problem-solving: 

Challenging Situations Task 

(4) Observed affect and 

behaviour: Minnesota Preschool 

Affect Checklist  

Revised and Shortened  

(1) Preschoolers' emotional 

knowledge, recognition of 

emotional expression and 

understanding of emotion-

eliciting situations;  

(2) Strengths and 

weaknesses in 

preschoolers’ self-

regulation;  

(3) Children's choices of 

their behaviours and 

emotions in response to 

three problematic peer 

provocation situations; 

(4) Emotional expression, 

emotion regulation, and 

social behaviour 

3 (1) SEL Risk; 

(2) SEL Competent-

Social/ Expressive;  

(3) SEL Competent-

Restrained 

- 

Thomson 

et al. 

(2017) 

The study examined 

distinct patterns of young 

children's social and 

emotional health and then 

analysed associations 

between the patterns and 

sociodemographic 

characteristics. 

British 

Columbia, 

Canada 

35,818 Social-

emotional 

learning 

Latent profile 

analysis  

The Early Development 

Instrument  

(1) Overall social 

competence 

(2) Responsibility and 

respect 

(3) Approaches to learning 

(4) Readiness to explore 

(5) Prosocial behaviour 

(6) Anxiety and fear 

(7) Aggression 

(8) Hyperactivity and 

inattentiveness 

6 (1) Overall high social-

emotional functioning,  

(2) Inhibited adaptive  

(3) Uninhibited-

adaptive,  

(4) Inhibited-

disengaged,  

(5) Uninhibited-

aggressive/hyperactive  

(6) Overall low social-

emotional functioning. 

0.95 
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Citation Overview of  the study Country Sample 

size 

Capabilities Analysis 

method 

Measures of profile indicators Domains Number of 

profiles 

Label of profiles  Entropy 

 Sandilos 

et al. 

(2019) 

The study identified latent 

subgroups of children's 

school readiness skills at 

the beginning of the school 

year and then examined 

the transition analysis of 

these latent subgroups 

over the school year. 

United 

States of 

America 

899 School 

readiness 

Latent profile 

analysis and  

latent 

transition 

analysis 

(1) Early Assessment in 

Mathematics  

(2) Assessment of Number Sense 

and Place Value developed by the 

author;  

(3) The LENS- preschool and 

kindergarten science standards;  

(4) The Academic Rating Scale-

Mathematics   

(5) Executive function direct 

assessments—Backwards digit 

span, the Head Toes Knees 

Shoulders, the Pencil Tap test);  

(6) Teachers reported on each 

child's behaviours and 

approaches to learning using the 

Teacher-Child Rating Scale 

(1) Math 

(2) Science 

(3) Executive function 

(4) Behaviour 

(5) Approaches to learning 

3 (1) Low-range 

academics/ EF, mid-

range 

behaviours/learning 

approaches;  

(2) Mid-range 

academics/ EF, low-

range behaviours 

/learning approaches;  

(3) High-range 

academics, EF 

behaviours and 

learning approaches 

0.863 

Collie et al. 

(2019) 

The study understood 

profiles of children's social 

and emotional behaviours, 

followed by the exploration 

of the links to education 

outcomes 

Australia 100,776 Social and 

emotional 

behavioural 

Latent profile 

analysis  

Australian version of the Early 

Development Instrument  

Behaviours 

(1) Cooperative 

(2) Socially responsible  

(3) Helpful  

(4) Anxious  

(5) Aggressive-disruptive 

4 (1) SE-Prosocial ;  

(2) SE-Anxious ;  

(3) SE-Aggressive ;  

(4) SE-Vulnerable 

0.933 

Russell et 

al. (2022) 

The study explored the 

profiles of health outcomes 

of New Zealand children, 

followed by  analysing the 

associations between 

socio-environmental 

predictors and profiles of 

health status 

 New 

Zealand  

6109 Health and 

difficulties in 

development 

Latent profile 

analysis  

(1) The Strengths and Difficulties 

Questionnaire  

(2) The Affect Knowledge Test  

(3) The Hand Clap Task 

(4) The Dynamic Indicators of 

Basic Early Literacy Skills 

(5) A scale of gross and motor 

skills  

(6) The number of chronic 

medical conditions and acute 

health problems 

(1) Physical health 

(2) Motor development 

(3) Socioemotional and 

behavioural development 

(4) Communication 

(5) Learning 

6 (1) Healthy;  

(2) Early learning 

difficulties;  

(3) Early social skills 

flourishing;  

(4) Physical health 

difficulties; 

(5) Early learning skills 

flourishing; 

(6) Difficulties in 

development 

0.83 

 
Note. Entropy is a commonly reported model fit statistic in studies that use latent approaches. The entropies reported across studies suggest that the models and identified profiles provided a good fit to 

the data. SEL represents social emotional learning, EF represents executive function, and SE means social-emotional.
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As can be seen in Table 3-1, Denham et al. (2012) adopted a person-centred 

approach to generate profiles of social-emotional learning (SEL) among a sample of 

275 young children in the United States, with a focus on areas of emotional knowledge, 

social and emotional behaviours, social problem-solving, and self-regulation. Measures 

included the Affect Knowledge Test (AKT; Denham, 1986), the Preschool Self-

Regulation Assessment (PSRA; Smith-Donald et al., 2007), the Social Problem-Solving: 

Challenging Situations Task (Denham et al., 1994), and the Adapted Affect and 

Behaviour: Minnesota Preschool Affect Checklist and Revised and Shortened (MPAC-

R/S; Denham & Burton, 1996; Denham et al., 1991). Children were categorised into 

three groups using a non-latent analytic k-means clustering technique, where entropy 

is not reported: SEL Risk (43%), SEL Competent-Social/Expressive (29%), and SEL 

Competent-Restrained (28%) groups. Children in the SEL Risk group exhibited limited 

emotional understanding, greater challenges with behavioural control and compliance, 

and a preference for angry-aggressive social problem-solving strategies. They also 

displayed moderate levels of emotional positivity, productive play, and high levels of 

negative emotion and aggression, along with deficiencies in emotion regulation and 

prosocial peer interaction. Children in the SEL Competent-Social/Expressive and SEL 

Competent-Restrained groups exhibit notable strengths in emotional knowledge and 

self-regulation compared to those in the SEL Risk group. However, these two groups 

demonstrated differences in patterns of social problem-solving. Specifically, children in 

the SEL Competent-Restrained group engaged in less emotional interaction with peers 
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and fewer prosocial behaviours alongside higher aggressive responses relative to 

children in the SEL Competent-Social/Expressive group. In contrast, children in the SEL 

Competent-Social/Expressive group displayed higher levels of emotional 

expressiveness than the other two groups, making up the emotionality with social 

problem-solving, emotional regulation, and positive social behaviour.  

Thomson et al. (2017) adopted latent profile analysis and delineated six distinct 

profiles of social-emotional health among 35,818 young children in British Columbia in 

Canada, as they entered school based on eight social-emotional subscales on the Early 

Development Instrument (EDI; Janus & Offord, 2007). The eight subscales include 

overall social competence, responsibility and respect, approaches to learning, readiness 

to explore, prosocial behaviour, anxiety and fear, aggression, hyperactivity, and 

inattentiveness. Six profiles encompassed overall high social-emotional functioning, 

inhibited-adaptive, uninhibited-adaptive, inhibited-disengaged, uninhibited-

aggressive/hyperactive and overall low social-emotional function. Fifty-eight per cent 

(58%) of the children demonstrated overall high social-emotional competence, while 

around 40% exhibited vulnerabilities in certain areas. These groups were referred to as: 

Group 2 Inhibited-Adaptive (8%); Group 3 Uninhibited-Adaptive (16%); Group 4 

Inhibited-Disengaged (6%); Group 5 Uninhibited-Aggressive/Hyperactive (8%); and 

Group 6 Overall Low Social-Emotional Functioning (3%). Notably, the uninhibited-

aggressive/hyperactive (group 5) and overall low social-emotional function (group 6) 

groups displayed considerably higher levels of aggression and hyperactivity compared 
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to others, consistent with previous research (Egger & Angold, 2006). However, while 

group 5 also showed considerable readiness for exploration, the authors reported that 

group 6 may represent individuals more susceptible to enduring mental health 

challenges, potentially benefiting from personalised and sustained interventions 

throughout childhood (Reef et al., 2011).  

Sandilos et al. (2019) conducted a study identifying three-group latent profile 

solutions to discern patterns of school readiness among 827 young children in the 

United States. Latent profile analysis was employed to identify these patterns, and 

profile changes over time were examined using latent transition analyses. The research 

incorporated children’s math and science abilities, executive function, internalising and 

externalising behaviours, and adaptive behaviours linked with approaches to learning 

as critical measures. Latent subgroups exhibited similar scores on math, science, and 

executive function indicators but differed in scores related to behaviour and learning 

approaches. Group 1 (45%) displayed low scores on academic and executive function 

measures but mid-range scores on behaviour and learning approaches than other 

groups. In contrast, Group 2 (16%) exhibited mid-range scores on academics and 

executive function but low scores on behaviours and learning approach. Conversely, 

Group 3 (39%) showed high scores across academic, executive function, behaviours and 

learning approaches. The stability of these groups was moderate over the school year, 

with transitions between groups associated with the child’s background information, 

such as the child’s gender, first language, parents’ education, annual income, and the 
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quality of the teacher-child relationship.  

The study by Collie et al. (2019) identified patterns in the social and emotional 

behaviour (SEB) of over 100,000 Australian young children from a 2012 cohort. Using a 

latent profile analysis, five areas of social-emotional behaviours, including cooperative, 

socially responsible, helpful, anxious, and aggressive-disruptive subdomains, were 

examined using the Australian version of the Early Development Instrument (AvEDI; 

Janus et al., 2011). This study revealed four distinct latent subgroups among preschool 

children: SE-prosocial (70%), SE-anxious (12%), SE-aggressive (13%), and SE-vulnerable 

(5%). The first and largest latent subgroup, comprising 70% of the participants, 

demonstrated higher-than-average levels of cooperative, socially responsible, helpful 

behaviour, along with lower-than-average levels of anxious and aggressive-disruptive 

behaviours. In contrast, the other three latent subgroups exhibited distinct patterns of 

capabilities. For instance, children in the third latent subgroup presented low levels of 

cooperative, socially responsible and helpful behaviours but above average levels of 

anxiousness and aggressive-disruptive behaviour compared to the first group. 

Russell et al. (2022) examined the health status of 6,109 young children in New 

Zealand, using data from the Growing Up in New Zealand dataset. Their research 

covered acute and chronic health problems, motor skills, behavioural difficulties, 

emotional knowledge, executive function, and early literacy skills. The six latent 

subgroups identified were healthy, early learning difficulties, early social skills 

flourishing, physical health difficulties, early learning skills flourishing, and difficulties in 
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development. More than half of the children (52.6%) were classified as healthy. Notably, 

the early learning difficulties group (19.5%), identified as the second largest latent 

subgroup, displayed the lowest and second lowest scores on executive function and 

early literacy skills, respectively. Children in the early social skill flourishing group (14.5%) 

demonstrated the lowest scores on behavioural challenges but the highest on 

emotional knowledge. Conversely, the fourth group (5.6%) scored highest on acute and 

chronic health problems. Those in the early learning skills flourishing group (4%) 

exhibited the highest executive function and early literacy skills. Finally, the last group 

(3.6%) displayed the lowest levels of health across all variables. This research contributes 

to a holistic understanding of health status and carries implications for healthcare 

service delivery.  

Person-centred studies contribute to a holistic understanding of children’s social-

emotional and cognitive characteristics, executive function, early learning, and health 

status. These analytical methods allow for identifying meaningful patterns in children’s 

capabilities and associations with external factors. Despite variations in critical areas of 

interest among the studies described, a common thread is led by a holistic lens to 

uncover patterns in children’s capabilities, which collectively advocate for exploring 

these capabilities through a person-centred approach, using non-latent and latent 

analytic techniques.  

The critical contrast between latent class and latent profile analysis, and other 

cluster analysis methods, lies in the clustering approaches and their underlying 
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assumptions. The latent methods classify objects or individuals using a probabilistic, 

mixture modelling approach, which describes data distribution from a model-based 

clustering approach and allows objects to be members of multiple clusters. Other 

cluster analysis methods, including k-means clusters, find classification with arbitrarily 

chosen distances and produce non-empty, exhaustive and mutually exclusive clusters 

(Brusco et al., 2017). In recent years, the use of latent (model-based) approaches has 

been viewed as favourable due to improved estimation and classification of distinct 

patterns. To this end, latent class and profile analysis offer alternative means for 

assessing model fit and better capturing uncertainty within the classification.  

In their review of best practices with latent profile analysis, Spurk and colleagues 

(2020) note that research exploring shared patterns of capabilities using latent methods 

can be conducted for different purposes, ranging from purely exploratory to fully 

confirmatory in nature. Researchers adopting a purely exploratory approach will not 

make prior assumptions about the number, size, or shape of the profiles, or potential 

predictors. Others take a confirmatory stance, guided by clear hypotheses regarding 

these aspects. These variations suggest that, in some cases, researchers may not be 

able to rely on solid theoretical assumptions to predict the specific number or nature of 

the profile that should emerge.  

Regardless of the purpose and the extent to which prior theory guides the 

research, the selection of models from latent methods is a methodological and 

conceptual process. It is a methodological process in which model fit can be evaluated 
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against a range of statistical criteria to indicate how well the proposed model aligns 

with the observed data, including measures such as goodness-of-fit indices, 

comparative fit indices, and root mean square error of approximation (RMSEA), which 

provide insights into the adequacy of the model in representing underlying structures 

(Hu & Bentler, 1999). In addition to assessing model fit indices, researchers may review 

classification statistics, such as the average posterior probability. The average posterior 

probability refers to the average probability of the class model accurately predicting 

class membership for individuals (i.e., the likelihood of individual assignment to each 

latent subgroup) (Muthén & Muthén, 2000). As noted above, a statistic referred to as 

entropy is used to measure class separation in the model or the degree of classification 

uncertainty (Shannon, 1948). High entropy indicates that individuals are classified into 

one latent class with minimal ambiguity, while low entropy suggests that the model 

struggles to distinguish between latent subgroups. The selection of models from latent 

methods is also conceptual in that the selection and interpretation of the model must 

align with the theoretical framework and research questions, ensuring that the latent 

variables and their relationships reflect meaningful constructs. This requires the 

researcher to critically evaluate whether the model captures the underlying phenomena 

of interest and makes sense within the broader context of existing research.  

Spurk and colleagues (2020) suggest that when possible, good practice will give 

some indication of hypotheses regarding the potential outcomes of clustering 

techniques because even exploratory models should be informed by theory and past 
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research to determine reasonable models or the number of classes, rather than relying 

solely on fit statistics, which may indicate several possible models as reasonable 

appropriate. Observations may suggest the potential absence of distinct sub-

populations in the shared patterns, indicating population homogeneity. As noted in 

previous research (Collie et al., 2019; Russell et al., 2022), large proportions of samples 

may be homogeneous in their profile (e.g., that aspects of learning and development 

are related in a common way for a majority of children), while only small proportions of 

the sample display distinctive patterns of association on indicators of development. For 

instance, in the 4-group model identified by Collie et al. (2019), 70% of the sample 

displayed population homogeneity in the social-emotional prosocial profile. However, a 

small proportion of the sample displayed distinct profiles, with 12% grouped under the 

social-emotional anxious profile, 13% under the social-emotional aggressive profile, 

and 5% under the social-emotional vulnerable profile. The findings across the studies 

described in Table 3-1 contribute to the existing literature on young children’s social-

emotional behaviours and early learning and offer insights pertinent to informing the 

present research. 
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3.4 Variation Among Observed Subgroups: Gender and Ethnicity 

Empirically exploring observed subgroups with shared characteristics within a 

population may provide valuable insights into understanding similarities and 

differences among individuals. This approach is beneficial for exploring variations by 

observed subgroups such as gender, ethnicity, or socio-economic status. Research into 

the patterns associated with observed subgroups helps address health, social and 

educational equities, bridging gaps related to these observed subgroup populations. 

Findings from such studies also aid in planning targeted services and programmes 

tailored to these groups' specific needs, ensuring the delivery of culturally appropriate 

services.  

However, understanding these observed subgroups requires a more profound 

comprehension of their complexities within the contemporary social and educational 

contexts in New Zealand. In the present research, gender and ethnicity have been 

selected as key known observed subgroups due to their impact on children’s emerging 

identities and educational relevance. Both identities are emphasised in the current early 

childhood curriculum—Te Whāriki. The inclusive nature of Te Whāriki embraces gender 

and ethnicity and advocates for children to experience an environment with equitable 

learning opportunities regardless of gender, ability, age, ethnicity, or background. The 

Education Review Office (2023) highlights the recognition of ethnic diversity and 

identity, which can also be recognised with equitable educational outcomes, and the 

importance of culture and identity for educators.  
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Research on these identities is important for understanding inclusive practice in 

early childhood, promoting gender and ethnic equity, and supporting health and well-

being across various domains. This includes research that ensures measurement 

equivalence and comparability of findings across gender and ethnic groups in order to 

inform equitable practices. Effective and equitable practices consider each child’s 

strengths, context, and needs, providing all children with opportunities to reach their 

potential. 

In the following sections, gender and ethnicity as observed groups are first 

explored by describing or defining the constructs. Both gender and ethnicity are 

complex and are treated as social constructs shaped by culturally context-based values, 

beliefs, and identities. These definitions and descriptions are followed by individual 

descriptions of differences in social-emotional characteristics, language skills and 

executive function across gender groups (sex assigned at birth) and ethnic groups. 

Lastly, the importance and complexity of using a person-centred approach in research 

investigating the consistency of distinctive patterns of capabilities across gender and 

ethnic groups are then discussed.  

3.4.1 Gender and Differences in Development by Gender 

3.4.1.1 Gender. 

Research acknowledges the ambiguity of conceptual definitions and measurements 

between gender and sex (Glasser & Smith, 2008; King et al., 2021). Definitively, gender 

is considered to be socially and culturally constructed values, beliefs, and identities 
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deemed suitable for individuals based on cultural contexts, while sex refers to biological 

mechanisms and physical characteristics (Acker, 1990; Unger, 1979; Unger & Crawford, 

1993). Although gender as a social construct addresses conventions, roles, and 

behaviours that are culturally bound (Krieger, 2003), researchers argue that biological 

and sociocultural factors are typically inseparable, suggesting that the distinction 

between these terms should be abandoned (van Anders, 2015; Yoder, 1999). 

Additionally, the measurements used in research often reflect these intertwined 

definitions, such as asking participants if they identify as male or female and their 

perspectives on male-female behavioural disparities (Muehlenhard & Peterson, 2011). 

Nevertheless, the use of ‘male’ and ‘female’ in these inquiries appears to conflate the 

two constructs, as the former addresses biological sex, whereas the latter pertains to 

gender differences, leading to a blurred differentiation between these two terms. 

Consequently, researchers increasingly employ these constructs interchangeably, 

especially in discussions concerning social issues (Glasser & Smith, 2008; Muehlenhard 

& Peterson, 2011; Ruble et al., 2006). In the present research, I address the concept of 

gender in young children using the binary categories of ‘boys’ and ‘girls’; the rationale, 

issues and limitations of this approach are described in subsequent chapters.  

3.4.1.2 Differences in Development by Gender.  

Chapter 2 has outlined research and current understanding of four components of 

child development (social and emotional competence, language, and executive 

function) in young children. However, there remain gaps in our understanding of how 
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and why these components may vary across gender groups. Previous studies have 

examined gender-specific characteristics and variations in young children (Chaplin et 

al., 2005; Fabes et al., 2001; Rubin, 2003). Starting from preschool, girls score higher 

than boys in identifying others’ emotional states and underlying causes, 

comprehending more intricate, self-conscious emotions, and demonstrating 

advantages in kindness and consideration (Bosacki & Moore, 2004; Chaplin et al., 2005). 

Toddler girls slightly outpace boys in early vocabulary growth (Van Hulle et al., 2004), 

and as children enter schools, a plethora of research shows that girls consistently 

outperform boys in reading and writing achievement (Reilly et al., 2019). Extending 

from emotional knowledge, understanding, and expressions to social competence, 

preschool girls typically exhibit higher social competence and display more prosocial 

behaviours than boys, and they also handle conflicts with peers in socially acceptable 

approaches more often than boys (Garner et al., 1997). By the age of 4, boys tend to 

display more externalising behaviours than girls, such as higher levels of inattentive, 

hyperactivity and aggressive behaviours (Keenan & Shaw, 1997; Pianta & Caldwell, 

1990; Rubin, 2003; Wichstrøm et al., 2012). Girls, in contrast to boys, demonstrate 

greater effortful control, including the ability to inhibit impulses and redirect attention 

away from irrelevant or emotionally arousing stimuli-traits that contribute to girls’ 

better school performance and lower incidence of behavioural problems (Berk, 2013). 

Nevertheless, conclusive differential associations between a child’s gender and 

executive function in early childhood remain elusive (Grissom & Reyes, 2019).  
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Extensive literature has illustrated differentiation in characteristics across gender 

groups, yet controversies persist regarding the extent of differences in development by 

gender (Barbu et al., 2015; Fenson, 1994). Primarily, given that biological factors 

operate within social, cultural, and environmental contexts, it remains controversial 

whether gender, viewed as a social construct, serves as a meaningful source of variation 

in developmental differences (Berk, 2013; Hyde, 2005). For instance, studies indicate 

that a child’s gender influences language development, with boys often lagging behind 

girls (Barbu et al., 2015; Rowe, 2012). These differences tend to be attributed to 

biological factors, such as the functional organisation of the brain, which may favour 

females in language acquisition, which contributes to gendered-based disparities in 

language performance (Adani & Cepanec, 2019). This view contrasts with the 

perspective that regards gender as a social-cultural construct. Second, it remains 

unclear whether gender influences characteristics in a domain-specific or domain-

general manner when considering these characteristics from person-centred 

approaches. Bando et al. (2024) investigated gender disparities in language, 

socioemotional and motor skills development among children aged 7 to 48 months 

across nine countries. Their findings indicated that girls consistently outperformed boys 

in language and socioemotional development, with no gender differences observed in 

motor development. These results suggest that gender effects on development are 

domain-specific, neglecting the interconnected nature of multiple areas of 

development. While the study aligns with previous research outcomes (Adani & 
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Cepanec, 2019; Barbu et al., 2015), the variable-centred approach adopted in the 

research provided limited insights into the interplay between these areas of 

development. Therefore, to better understand gender-based developmental disparities, 

it may be useful to explore person-centred approaches that emphasise the holistic 

nature of children’s learning and development.  

The person-centred approach may help identify young children’s characteristics 

associated with gender groups to indicate early disparities that may contribute to 

positive and negative outcomes among unobserved distinct groups of children. Few 

studies have examined the differences in multiple characteristics between gender 

groups, although existing person-centred studies have suggested the emergence of 

distinct social-emotional, language, and executive functions in early childhood (Collie et 

al., 2019; Russell et al., 2022). Further, exploring differences in development by gender 

using a person-centred approach allows for the generalisability of the optimal latent 

group solution across gender groups, facilitating the examination of developmental 

differences overall and within each profile. Moreover, it is necessary to understand the 

importance of distinguishing real differences from measures in contrast to differences 

resulting from measurement biases before making comparisons. This requires the 

examination of measurement invariance (MI) of the latent group solution across gender 

groups to ensure their comparability. MI refers to the principle that indicators of a 

measure or model remain consistent across different conditions (e.g., different time 

points, observed subgroups) that are not directly related to the attribute being 
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measured (Millsap, 2011). Examining MI is important, as it is a central assumption of all 

group comparisons and summary statistics, even if rarely tested. When MI is not 

achieved, also referred to as measurement non-invariance, or not tested, the inferences 

drawn from the findings may be mispresented or inaccurate. A detailed discussion is 

presented in the section titled ‘Comparability of measurement across observed groups’.    

3.4.2 Ethnicity and Differences in Development by Ethnicity 

3.4.2.1 Ethnicity. 

Ethnicity refers to groups sharing a common identity-based ancestry, language, or 

culture, often influenced by religion, beliefs, customs, and historical experiences such as 

migration or colonisation, while race is viewed as both a biological characteristic and a 

social category (Cornell & Hartmann, 1998; Institute of Medicine (US) Committee, 1999; 

Quintana, 2007). Additionally, ethnicity is often defined as ‘cultural practices and 

outlooks of a given community of people that set them apart from others’ (Giddens, 

1997, p. 210), making it a measure of cultural affiliation rather than race, ancestry, 

nationality or citizenship (Statistics New Zealand, 2005). Despite this distinction, 

ethnicity and race are frequently used interchangeably (Cokley, 2007). Ethnicity is 

increasingly viewed as a social construct, particularly in analysing health status and 

other social outcomes in New Zealand (Callister et al., 2007; Morning, 2008). Though 

complex to identify or measure ethnicity (Callister et al., 2007), ethnicity data is used to 

report the differences in outcomes, deliver culturally appropriate services and plan 

services that meet the unique needs of ethnic groups (Statistics New Zealand, 2004). 
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Policies and social investment initiatives may focus on specific ethnic groups as a way 

to address historic and systemic disparities (Durie, 2005).   

Within New Zealand, for example, the Treaty of Waitangi guarantees rights and 

protections for Māori (and non-Māori). Despite the foundational legal framework of 

rights and protections, significant disparities exist in outcomes, including varying health, 

social and educational outcomes among different ethnic groups, which drives the 

interest in measuring these disparities to reduce gaps (Callister et al., 2007). However, 

the presence of multiple ethnicities complicates the comparison of outcomes in New 

Zealand. Migration, ethnic intermarriage, and the option to record multiple ethnicities 

in surveys present significant methodological challenges for researchers in identifying, 

measuring, and categorising ethnic groups for research analysis purposes (Callister et 

al., 2007). 

In the current research, children are classified into single or dual ethnicities based 

on the Census ethnicity categorisation by Statistics New Zealand (2005). Rationale, 

issues, and limitations of this approach are described in Appendix 2 Ethnicity 

Prioritisation.  

3.4.2.2 Differences in Development by Ethnicity. 

Children learn the socially constructed meaning of identities (i.e., ethnicity, gender, 

etc.) early in life, and their characteristics (emotional expression, social behaviour, 

executive function, and language) are expected to vary by context and culture (Berk, 

2013; Lewis et al., 2009; Lewis, 2000). Young children become more aware of cultural 
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expectations, understanding that different cultures have different expectations and that 

what is appropriate in one context may not be appropriate in another (Ministry of 

Education, 2017). Conversely, differences in social, behavioural, and cultural norms may 

influence child interaction styles (Fabes et al., 2006), where different cultural groups use 

different repertoires of conflict resolution strategies, and children alter their behaviours 

to adapt to the norms (Berk, 2013). For instance, children must master their culture’s 

rules for when and how to convey emotion as part of this increasing emotional self-

regulation (Berk, 2013). The expression of emotions and situation-based emotions may 

also vary across cultures, and cultures may modify parental influences on children’s 

emotional competence (Morgan et al., 2010; Pala & Lewis, 2021). Cross-cultural 

research suggests variabilities in individual emotional display and related skills (Ekman, 

2003), whereas similarities are presented in associating photographs of different facial 

expressions of emotions (Ekman & Friesen, 1971). The study by Girouard et al. (2011) 

demonstrated that the ethnicity of playmates influences the quality of social interaction 

among preschoolers, revealing a preference for same-ethnic partners to engage more 

interactively and more solitarily with a cross-ethnic partner. Specifically, the study 

showed that Asian Canadians initiated more cooperative (helping or assisting a 

playmate or the peer largely nonverbally) and conflictual (physical aggression, 

competition conflict, dissociative verbalisation) interactions, while French Canadians 

used more affiliative verbalisations (relate a story, ask, or give for information, brief 

communication, invite, etc.).  
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In New Zealand, ethnic differences in young children’s social, emotional, executive 

function and language are evident in the GUiNZs. For instance, research by Russell et al. 

(2022), using a person-centred approach, indicated that Māori and Pacific children are 

more likely to experience early learning difficulties, physical health and difficulties 

profiles, which are associated with higher levels of socioeconomic disadvantage. Corkin 

et al. (2021) found that Asian children exhibit higher levels of cool executive functions 

compared to European children, aligning with  previous research by Lewis et al. (2009) 

and Sabbagh et al. (2006). Cool executive functions (EF) are the emotionally neutral 

aspects of EF and primarily focus on cognitive demands associated with academic 

achievement and intellectual development (Zelazo et al., 2003). These findings 

underscore the importance of cultural sensitivity through young children’s ethnicities 

when evaluating their characteristics, as these characteristics can be context-

independent. 

However, the variable-centred approach used in research to examine 

developmental differences in young children across ethnicities assumes population 

homogeneity, which may lead to over-generalisation of the findings (Laursen & Hoff, 

2006). A variable-centred approach analyses characteristics from a single lens, 

neglecting the complex interplay of diverse individual characteristics within the 

populations. Additionally, there is limited research in understanding developmental 

differences in young children across ethnicities from a person-centred approach, 

explicitly using latent class or profile analysis. Therefore, exploring children’s 
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characteristics by ethnicity through a person-centred approach is valuable. This method 

allows for a systematic and quantitative assessment of how much a latent class 

membership generalises across different ethnic groups (Morin et al., 2016). However, 

issues may arise when analysing data across different ethnic groups with small 

subgroup sizes, impacting the choice of analytical methods (Kalkan & Kelecioglu, 2016). 

3.5 Importance of Ensuring Comparability 

This chapter ends with a section to explore measurement equivalence and 

comparability across observed subgroups as key aspects of ensuring fairness in the 

assessment and interpretation of findings without bias. This includes ensuring the 

comparability of measures and latent profiles across observed subgroups. The 

following section further highlights the importance of measurement comparability and 

fairness before technical aspects of measurement invariance (MI) are described for 

measures and person-centred models.   

Ensuring the comparability of test scores provides implications for fairness, equity, 

and inclusion in early childhood education (Soland et al., 2022). When comparisons are 

inevitable to inform policy and decision-making, they should be approached in ways 

that are appropriate and useful (National Academy of Education et al., 2020, p. 23). 

Proper implementation of MI enhances comparability by ensuring fairness in 

interpreting and using results from measures to support conclusions. Fairness issues 

arise when individual test scores are used without establishing measurement invariance 

(Kline, 2013). In other words, by ensuring measures perform equally well and hold the 
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same meaning across different groups, the implementation of MI endeavours to 

minimise biases in the measures and promote fairness to ensure the measurements 

assess the intended construct consistently for all children.  

Furthermore, accurate and consistent comparisons of observed subgroups' 

characteristics are critical for sustaining a meaningful equity agenda. In New Zealand 

social and education contexts, comparisons of characteristics may be a key component 

of equity initiatives, enabling equitable interpretations of similarities and differences 

across multiple subgroups. Programmes supporting educational equity must consider 

young children’s overall characteristics across observed subgroups, such as gender, 

ethnic and socio-economic groups. For instance, funding for early learning services is 

designed to promote educational equity by addressing disparities among various 

groups, including children from lower socio-economic communities, those with special 

needs who come from non-English-speaking backgrounds, and those from languages 

and cultures other than English. However, differing sizes and compositions of an 

observed subgroup may present challenges in evaluating and maintaining such 

comparability. Understanding differences across observed subgroups is essential for 

ensuring the effectiveness and equity of educational initiatives for all children. On the 

other hand, equity concerns arise when cut-off scores classify individuals without 

accounting for differences in a holistic lens. For example, using cut-off scores of the 

SDQ total difficulties scores, a substantial proportion of preschoolers were 

disproportionately categorised as falling within the borderline range (scores of 14-16) 
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(Downs et al., 2012; Koglen et al., 2007). This classification approach risks overlooking 

the nuanced domain of children’s specific strengths and difficulties. Hence, MI can 

effectively address equity concerns by establishing equivalent constructs and meeting 

reliability requirements, allowing for accurate comparisons of test scores on the same 

measure.  

Additionally, testing measurement invariances enables the accessibility and 

inclusivity of diverse subgroups of individuals’ characteristics (Rodriguez et al., 2023). 

Including observed subgroups in testing MI ensures accommodations for diverse 

ethnicities, languages, and cultures. Education policies and initiatives, such as Te 

Whāriki, consider all children's needs and avoid excluding specific subgroups from 

evaluations and interpretations. Te Whāriki aims to foster a more inclusive environment 

for young children with diverse characteristics in general education settings. Conversely, 

including all children necessitates rethinking the application and administration of the 

educational assessments. The rationale for inclusion may introduce measurement 

challenges in establishing score validity. Testing MI with greater inclusion of children in 

diverse ethnic groups minimise biases in the assessed constructs across ethnic groups 

when used in ethnically heterogeneous samples. Hence, before comparing patterns of 

young children’s characteristics, it is critical to interpret them equally and include all 

children to address meaningful group differences and provide substantive implications.  

3.5.1 Comparability of Measurement Across Observed Subgroups 

Following the understanding of observed subgroup variations, it is essential to 
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examine the comparability of measurement across gender and ethnic subgroups to 

evaluate the potential challenges in the measurement of young children’s 

characteristics. The diversity of the early childhood population and access to both 

cross-sectional and longitudinal studies enable comparisons of characteristics across 

various groups, such as gender, ethnicity and socioeconomic status, by examining how 

these factors impact children’s learning and development (Rutkowski & Svetina, 2014). 

For instance, the study by Neumann et al. (2021a) in the Growing Up in New Zealand 

study has explored the validity, generalisability, and comparability of measures of 

cognitive functioning in early childhood across diverse populations, including children’s 

gender, socio-economic backgrounds and mother-prioritised children’s ethnicity. 

These efforts reflect a growing understanding of the need to explicitly address 

challenges in measurement when making comparisons across groups (Kim et al., 2017). 

However, some researchers may overlook or fail to consider potential issues in directly 

comparing results from diverse populations or different timelines, which may jeopardise 

the comparability of the test scores and undermine comparisons of characteristics 

(Mandell & Sackett, 2009; Soland et al., 2022). Hence, it is essential to test comparability 

across observed groups to support the generalisability of constructs. 

A fundamental approach to address methodological challenges in measurements in 

cross-sectional and longitudinal studies is to test measurement invariance (MI). 

Introduced by Mellenbergh (1989) and later defined by researchers, MI implies that the 

measurement properties of a psychometric test are identical or equivalent across 
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different groups or over time (Millsap, 2011; Millsap & Kwok, 2004, p. 93). MI is 

essential for assessing hypotheses regarding group differences, whether these involve 

simple mean differences between groups or complex evaluations of theoretical models 

across group studies (Kim et al., 2017; Schmitt & Kuljanin, 2008; Vandenberg & Lance, 

2000). In confirmatory factor analysis, MI may be reflected in the factor structure, 

loadings, intercepts, and error terms associated with indicators of a latent factor across 

observed groups.  

Levels of invariance include full, non-invariance and partial invariance (Putnick & 

Bornstein, 2016). Full MI is established when a test consistently measures a construct 

across different groups, indicated by an identical number of factors and all factor 

loadings and intercepts being held equal across groups (Collins & Lanza, 2010). Specific 

criteria for evaluating MI are discussed more thoroughly later in this thesis. To put it 

differently, full MI is established when individuals from different populations interpret 

and respond to the construct being measured in the same way, such that observed 

differences are due to the differences in the construct itself rather than differences in 

the measurement. Conversely, measurement non-invariance occurs when individuals 

from different groups respond differently to a test item despite having the same level 

of the construct being measured. The goal of testing and reporting MI is to ensure 

group differences reflect performance or perspective without bias, or through the use 

of techniques to minimise bias, to enhance fair interpretation. 

For example, Putnick and Bornstein (2016) suggested that configural non-
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invariance is a situation where the pattern of item loadings on latent factors differs in 

two cultures (e.g., at least one item may exhibit variations in the pattern of item 

loadings in one culture). This suggests the presence of measurement biases, which may 

lead to erroneous conclusions for group-based comparison purposes (Morin et al., 

2016). Alternatively, partial invariance, referring to the practice that accepts some 

violations of full MI (i.e., when some but not all measurement parameters are equal 

across groups) (Byrne et al., 1989), can also support the comparison of measures across 

observed subgroups (Cieciuch et al., 2019; Van De Schoot et al., 2013). Steinmetz 

(2013) suggested that under partial invariance, the difference in latent means between 

the groups is considered unbiased when at least two-factor loadings and intercepts are 

set to be equal across groups or over time. According to Asparouhov and Muthén 

(2014a), it is acceptable when no more than 20% of parameters are non-invariant across 

groups for partial invariance. 

The steps of invariance typically assessed in MI tests are configural invariance, 

metric (weak) invariance, threshold (strong) invariance, and strict (residual/error) 

invariance, which is hardly achieved in reality (Schmitt & Kuljanin, 2008). Configural 

invariance involves the same number of factor/factors and patterns of factor loadings 

explaining the variance-covariance matrices associated with the groups' responses. 

Metric (weak) invariance involves the values of the factor loadings of each variable on 

each factor being the same across groups. Threshold (strong) invariance requires the 

factor loadings and item intercepts of the observed variables regressing on the latent 
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factors to be the same across groups. Threshold (strong) invariance is the minimal level 

to ensure a meaningful interpretation of latent group means comparisons (Kline, 2016; 

Robitzsch & Lüdtke, 2023). However, Muthén and Asparouhov (2018) pointed out the 

rarity of achieving full threshold invariance, especially when dealing with numerous 

groups. Research often proceeds to group means comparisons when threshold 

invariance or partial threshold invariance is achieved (Lubke & Muthén, 2005; Meredith, 

1993). In terms of questions addressed in MI tests, Vandenberg and Lance (2000) 

provided examples such as: (1) Are there gender or ethnic differences that affect how 

individuals respond to instruments in similar ways? (2) Do respondents from different 

cultures interpret a given measure conceptually similarly? 

Research has explored MI in young children’s characteristics across various 

observed subgroups using multi-group confirmatory factor analysis (MG-CFA). This 

method involves the assessment of the relative fit of increasingly restrictive nested 

models when factor structure, loadings, thresholds, and error terms are constrained to 

be equal across groups. Riglin et al. (2024) found evidence of metric MI for latent 

profiles, as measured by the parent-rated Strengths and Difficulties Questionnaire 

(SDQ) across age groups from the Millennium Cohort Study (ages 3–17 years) and the 

Avon Longitudinal Study of Parents and Children (4–25 years). McKown (2019) 

identified partial threshold invariance in social-emotional comprehension across sex 

and ethnic groups among 4,419 American children in kindergarten through third-grade 

using the Social Emotional Comprehension measure (SEL Web). Willoughby et al. 
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(2012) suggested strong longitudinal MI of six individual executive function tasks (e.g., 

Working Memory Span, Silly Sounds Stroop, Spatial Conflict and Animal GO/NO-GO ) 

among young children aged 3 to 5 years. These findings show invariance across 

domains such as emotional symptoms, social-emotional comprehension, and executive 

function by observed factors such as age, sex, ethnicity, and over time. Importantly, 

these studies highlight the emerging research that is seeking to better understand the 

comparability of measures across observed groups using MG-CFA. 

Testing MI in young children’s characteristics across groups using MG-CFA involves 

four primary challenges. First, inadequate demographic reporting often lacks sufficient 

detail in grouping variables, leading to inaccuracy in invariance test results (Marsh et al., 

2009). Second, inconsistencies in model fit criteria and limited evaluators for models 

using estimators optimised for non-normally distributed data complicate invariance 

assessment. These inconsistencies arise from reliance on varied criteria, such as the 

significance of changes in chi-squared χ2 (Byrne et al., 1989), changes in comparative fit 

indices (CFI)  for nested models (Rutkowski & Svetina, 2014)  and alternative indices like 

changes in root mean squared error of approximation (∆RMSEA) and changes in 

standardised root mean square residual (∆SRMR) (Chen, 2007; Meade et al., 2008), 

compounded by shifting standards and evaluators, and the inadequacy of a single 

criterion for all scenarios. Third, data sparseness, particularly in mixture modelling, 

impacts parameter estimates when subgroup sizes are small, often as little as 5% of the 

overall sample (Collins & Lanza, 2010). This may reflect overall or group sample size 
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and low endorsement of rating scale options, which may be exacerbated where MI is 

assessed within LPAs, where unobserved subgroup profiles are established within the 

population. Fourth, MG-CFA methods may be overly sensitive to trivial levels of non-

invariance, detecting minor or insignificant differences that do not meaningfully impact 

the overall model or its interpretation, necessitating strong justification for model 

acceptance (Khademi et al., 2023). These limitations highlight the need for 

methodological precision and thoughtful application to ensure reliable MI assessments 

in the current research.  

3.5.2 Comparability on Person-Centred Model Level 

Testing measurement invariance (MI) is also applicable at the latent class or profile 

model level to assess the comparability of similarities and differences across model 

solutions (Morin et al., 2016; Olivera-Aguilar & Rikoon, 2018). Collins and Lanza (2010) 

and Masyn (2017) extended the definition of MI to a latent class framework. In LCA, MI 

is achieved when individuals belonging to the same latent class have the same 

probability of providing any given observed response pattern; that is, they respond in a 

statistically similar way, regardless of which group they come from (Collins & Lanza, 

2010). Full MI in LCA is established when the number of latent classes and all item-

response probabilities are identical across groups (Collins & Lanza, 2010, p. 118). This 

allows for consistent interpretations across all groups and offers a simpler model than 

one where measurement varies across groups. Comparisons at the model level aim to 

identify the potential effects of MI on model conclusions and enable invariance 
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assessment when indicators cannot be examined at the construct level. 

Testing MI in LCA/LPA models can be approached in various ways, such as 

multiple-group LCA and the implementation of covariate analysis. Collins and Lanza 

(2010) discussed using multiple-group LCA to assess group similarities and differences 

at the person-centred model level. The simplest method involves treating groups as 

separate data sets and fitting models to each group individually. This process includes 

exploring general latent structure differences to determine whether the identical 

number of latent classes holds across groups, then establishing the invariance of item-

response probabilities by comparing model fits. If both steps show a good fit, MI is 

established across groups, and the more parsimonious model is selected. Similarly, 

Morin et al. (2016) outlined a three-step process for comparing group similarities and 

differences in LPA: (1) ensuring the same numbers of latent profiles in each group; (2) 

testing the similarity of continuous profile indicators’ means and variances in a specific 

profile, and (3) confirming the consistency of latent profiles in each group. Additionally, 

establishing relationships with covariates is crucial for validating the construct of 

extracted profiles (Marsh et al., 2009; Muthén, 2003). Masyn (2017) developed a 

stepwise procedure to detect the direct effects from latent class variable predictors to 

latent class indicators (measurement non-invariance or DIF) in mixture models using 

the Multiple Indicators Multiple Causes (MIMIC) modelling technique. This involves (1) 

enumerating classes in an unconditional model using observed latent class indicators 

without incorporating covariates; (2) classifying individuals and estimating classification 
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errors based on the model from step 1; (3) estimating associations between predictors 

and latent class membership based on information from step 2. Other methods for 

testing MI in person-centred models exist but are outside of the scope of this 

discussion. 

Limited research has assessed MI at person-centred model levels for young 

children’s development characteristics across observed groups using a multiple-group 

approach. For example, Garraza et al. (2011) explored gender (boys and girls) 

differences in patterns of emotional risk factors among 18,437 children aged 5 to 22-

year-old with severe emotional disturbance, using multiple-group latent class analysis 

(MG-LCA) across gender groups and phases (1993-2000) of the Children’s Mental 

Health Initiative (CMHI) in the United States (Clogg & Goodman, 1984; Collins & Lanza, 

2010; McCutcheon, 2002). Specifically, by extending research by Walrath et al. (2004), 

they identified a 4-class model of emotional risk factor patterns in Phase One: high-risk 

(highest scores in risk factors of physical and sexual abuse, runaway, suicide attempt, 

drug/alcohol use, sexually abusive), abuse (second highest in risk factors of physical and 

sexual abuse, low in other risk factors), status-offence (second highest in risk factors of 

runaway and drug/alcohol use, low in other risk factors), and low-risk (low scores in all 

risk factors). The comparison on the model level shows that girls were more likely to be 

in the high-risk groups than boys. Other studies using MG-LCA/MG-LPA include 

research on drinking behaviours among U.S. adolescents (Chung & Anthony, 2013), 

substance use disorder (SUD) across U.S. rural and urban adults aged 18 years and 
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older (Brooks et al., 2017) and racial differences on mental health and cognitive 

symptomatology among U.S. older adults (Min et al., 2023). Most studies testing MI in 

person-centred models focus on adult participants in U.S. contexts and are deficit-

based. In New Zealand, research has explored MI on measures of children’s 

characteristics across observed groups, such as gender, ethnicity, or countries 

(Neumann et al., 2021b; Rubie-Davies et al., 2016; Simsek et al., 2021; Wilson et al., 

2023). However, studies testing MI at the person-centred model level are scarce. 

Therefore, exploring MI at the person-centred model level within the New Zealand 

context represents an important next step in the New Zealand research literature. 

 Limitations of the multiple-group approach include the sample size and the 

interpretations of MI when full MI does not hold across groups. The nature of multiple-

group latent class or profile analysis compares latent class or profile characteristics 

across groups or time points, starting with the assumption that population membership 

is known and drawn from two or more subpopulations or time points. LCA and LPA are 

considered ‘large sample’ analytical methods, with models and fit statistics performing 

well with sample sizes greater than 500, often showing high classification accuracy 

(Finch & Bronk, 2011). However, models may not be adequately identified with sample 

sizes smaller than 300 (Henson et al., 2007). Additionally, the latent classes/profiles 

require sufficient statistical power to detect differences in the outcomes and ensure the 

differences are meaningfully interpreted. Where full MI at the model level does not 

hold, partial invariance can be implemented by constraining some item response 
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probabilities to be equal across groups in LCA or mean and/or variances in LPA. Fit 

indices may not always support the assumption of MI, so considerations of parsimony, 

model identification, and interpretations must be handled cautiously.  

An alternative method of testing MI in person-centred models is differential item 

functioning (DIF) analysis (Asparouhov & Muthén, 2014a; Bakk, 2024; Bettencourt et al., 

2022; Masyn, 2017). Among the methods for testing DIF effects, the Multiple Indicators 

Multiple Causes (MIMIC) modelling is the most widely used technique. This method 

treats group variables (gender, ethnicity, countries, etc.) as covariates of the latent 

group-membership variables and their factors or indicators, allowing for the 

assessment of the direct effects of the covariates on the indicators of LCA or factors of 

the LPA in the current research. Non-significant direct effects suggest MI of the latent 

profile factors held at the model level. In contrast, significant direct effects suggest the 

presence of measurement non-invariance or DIF of the latent profile factors. When DIF 

is detected, researchers should carefully consider the comparability of the optimal 

solutions across observed subgroups. Cautions are needed when considering person-

centred models with covariates. As  Lubke and Muthén (2005) warn, “It is important to 

realise that the assigned class membership of a participant is model dependent and not 

an innate quality of the participant ” (p. 37). The limitation of this approach is that if 

qualitative changes occur in the nature of the groups as the inclusion of covariates in 

the LCA/LPA, then the assumption that covariate effects only the latent probabilities is 

violated, which may distort the interpretation of groups (Marsh et al., 2009). The 
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judgment of whether MI holds sufficiently is not only based on the statistical criteria but 

also on conceptual importance. Additional details and discussion about approaches to 

MI used in the present study are presented in Chapters 4 and 6.  

3.5.3 Chapter Summary 

The present chapter discusses a holistic view of young children’s characteristics and 

considers young children's interdependent and interconnected capabilities holistically. 

This chapter emphasises a person-centred, holistic approach as a critical methodology 

for clustering young children’s capabilities, including an overview of research that has 

used methods to examine children’s learning and development in this way. To better 

understand children’s development, the role of gender and ethnicity (as a proxy 

variable) is explored in terms of how variations may present in young children’s 

capabilities and impact the comparability of profiles at the person-centred model level. 

The chapter ends with a brief overview of methodological approaches to address 

measurement comparability across observed subgroups. 

Building upon theories and prior research, the current thesis explores young 

children’s characteristics through a person-centred, integrative, strengths-based 

approach. It identifies and characterises groups of young children with shared patterns 

of capabilities through LPA. This is important as it posits the existence of a limited 

number of unique patterns in associations between variables and emphasises individual 

differences by examining the meaningful patterns within a sample. To extend these 

analyses, the current thesis further examines whether the covariates, such as the child’s 
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gender and ethnicity, introduce DIF to the latent profile factors. Addressing these 

potential biases is important for ensuring fairness in the interpretation of children’s 

capabilities among diverse populations, thereby supporting equitable educational 

outcomes. Detailed methodologies are presented in Chapter 4. 
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Chapter 4 Methodology 

The purpose of the thesis was to explore the shared patterns of young children’s 

capabilities in New Zealand and examine the comparability of these patterns across 

gender and ethnic groups. This chapter briefly introduces the Growing Up in New 

Zealand study (GUiNZs) as the most suitable dataset to be drawn upon for this 

investigation. It then outlines the research aims, questions and hypotheses, sample, 

ethical considerations, and selected measures. The chapter concludes by detailing the 

analytical procedures and statistical analysis techniques employed in the current 

research. 

4.1 The Growing Up in New Zealand study 

The GUiNZs sample reflects the diversity of the New Zealand children in terms of 

key socio-demographic and ethnic characteristics. Participants (mothers/caregivers and 

their newborn children) were recruited in 2009 and 2010 in the Auckland, Counties 

Manukau, and Waikato District Health Board regions. The cohort sample ensured 

sufficient statistical power for analysing capabilities within subgroups by ethnicity and 

household deprivation. Written informed consent was obtained from all participating 

parents, who also gave their consent on behalf of their children. A total of 6,822 

mothers consented to participate in antenatal interviews between 2009 and 2010, with 

6,156 children completing the 54-month follow-up interviews. A detailed account of 

the baseline study design and recruitment procedures has been provided elsewhere 

(Morton et al., 2013). Today, the GUiNZs sample comprises multiple Data Collection 
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Waves (DCWs), spanning from the Antenatal phase (DCW0) to the Extreme Weather 

Events phase (DCW13EW). A balanced set of age-appropriate information across the 

interconnected areas of children’s development was gathered at each wave. This 

information was provided by various informants (such as the child’s mother) and 

gathered through direct observations of the child by the researchers and 

developmental and anthropometric assessments. Biological samples were additionally 

taken from the child in 2013-2014. Insights acquired from GUiNZs regarding the factors 

influencing children’s development and well-being have enabled health and education 

researchers to construct a detailed and nuanced understanding of children’s 

characteristics and have the potential to inform policy for the benefit of New 

Zealanders (Morton, 2019).   

The GUiNZs datasets gathered in the 54-month assessment wave were selected for 

the current work as they offered a range of variables that provided good conceptual 

age-appropriate coverage of young children’s learning and development capabilities 

related to social, emotional, language, and executive function skills prior to school 

entry. These initially included nine specific variables, representing young children’s 

prosocial behaviours, peer problems, conduct problems, hyperactivity-inattention, 

emotional symptoms, emotional knowledge, expressive language, receptive language, 

and executive function. Due to an issue with the accessibility of data for the three 

subscales of one of the measures, and after a thorough discussion with supervisors, I 

dropped three variables representing children’s social and emotional difficulties: peer 
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problems, conduct problems, and hyperactivity-inattention. Additional information 

about this decision was described in 4.6.2 ‘Children’s Capabilities’, explaining the 

Strengths and Difficulties Questionnaire (SDQ). This decision meant that, based on the 

reviewed literature and available data, the current research addressed children’s 

capabilities across the following six domains: prosocial behaviours, emotional 

symptoms, emotional knowledge, expressive language, receptive language, and 

executive function from observations and assessments administered at the GUiNZs 54-

month data collection wave. 

4.2 The Current Research  

The current research sought to identify shared patterns of capabilities among 

young children before school entry in New Zealand, as well as to assess the 

comparability of these patterns across children’s gender and ethnic groups. The 

research was exploratory, cross-sectional, and correlational in nature. These secondary 

analyses were conducted in two sequential phases, which are detailed in this section. To 

further clarify the focus and objectives of each research phase, Table 4-1, ‘Summary of 

Research Aims and Questions’, outlines the specific purposes and corresponding 

research questions addressed in each phase.  
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Table 4-1  

Summary of Research Aims and Questions 

 Phase 1 Phase 2 

Research aims   Explore whether groups displaying distinct shared 

patterns of capabilities (i.e., prosocial behaviours, 

emotional symptoms, emotional knowledge, 

expressive language, receptive language, and 

executive function) are observed among young 

children prior to school entry in New Zealand. 

 Explore the comparability of the shared 

patterns of children’s capabilities (i.e., 

prosocial behaviours, emotional 

symptoms, emotional knowledge, 

expressive language, receptive language, 

and executive function) across child 

gender and ethnic groups. 

 

Research 

questions 

 To what extent do the hypothesised factor structures 

of measures of capabilities (i.e., prosocial 

behaviours, emotional symptoms, emotional 

knowledge and expressive language) fit the 

observed data1 from parents and children 

participating in the GUiNZs 54-month data 

collection wave? 

 

 Do children’s social, emotional, language and 

executive function capabilities display distinct latent 

subgroups with shared patterns of association in the 

population?  

 

 What are the dominant patterns of social, emotional, 

language, and executive function capabilities 

displayed by each latent subgroup? 

 Do measures of capabilities (i.e., prosocial 

behaviours, emotional symptoms, 

emotional knowledge and expressive 

language) display Measurement Invariance 

(MI) across child gender and ethnic 

groups? 

 

 Are the covariates (i.e., the child’s gender 

and ethnic groups) potential sources of 

differential item functioning (DIF) or 

measurement non-invariance (MNI) to the 

latent profile factors? 

 

 Is the optimal solution that best describes 

the population as the final model 

generated in Phase 1 comparable across 

the child’s gender and ethnic groups?  

Note. 1 The observed data represent available responses for at least one item in the measures of prosocial behaviours, emotional 

symptoms, emotional knowledge and expressive language. 
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Phase 1 aimed to identify distinct latent subgroups of children displaying shared 

patterns of young children’s capabilities in the 54-month GUiNZs dataset, including 

prosocial behaviours, emotional symptoms, emotional knowledge, expressive language, 

receptive language, and executive function. To achieve this aim, the research was 

guided by three research questions. Each of these questions offered implications for 

the analytical procedures briefly mentioned below and described in further detail later 

in 4.7.3 Analytical Process. The research questions are as follows:  

As a necessary step in the measurement process, the first research question in 

Phase 1 addressed the construct validity of the available measures of capabilities using 

confirmatory factor analysis (CFA). The second question sought to reveal whether 

groups of children displaying distinct shared patterns in these capabilities could be 

identified. This question was addressed using latent profile analysis (LPA) to generate 

latent group models exploring up to six subgroups of possible profiles informed by 

prior research on children’s capabilities using a person-centred approach. An optimal 

number of distinct groups will be identified based on 1) a priori statistical criteria, 2) a 

theoretical understanding of the interrelatedness of the targeted capability/skill 

domains, and 3) prior research. Once the optimal number of groups of children sharing 

distinct patterns of capabilities is identified, the third question sought to describe and 

interpret these dominant patterns of their capabilities (prosocial behaviours, emotional 

symptoms, emotional knowledge, expressive language, receptive language, and 

executive function) within each latent subgroup. 
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In Phase 2, the current work adopts two techniques to confirm the comparability of 

measurement across child gender and ethnic groups at the construct and model levels. 

Firstly, at the construct level, to confirm the comparability of constructs assessed for 

validity in Phase 1, measurement invariance (MI) of the selected measures of 

capabilities (prosocial behaviours, emotional symptoms, emotional knowledge, and 

expressive language) will be assessed across gender and ethnic groups through 

multiple-group confirmatory factor analysis (MG-CFA). This aimed to ensure the 

constructs of the available measures were understood equivalently across the child’s 

gender and ethnic groups. Secondly, to confirm the comparability of the LPA profiles 

generated in Phase 1, the Differential Item Functioning (DIF) approach using Multiple 

Indicators Multiple Causes (MIMIC) modelling will be used to assess whether the 

covariates (i.e., gender, ethnicity) serve as potential sources of DIF for the latent profile 

indicators (i.e., indicators of prosocial behaviours, emotional symptoms, emotional 

knowledge, expressive language, receptive language, and executive function) in the LPA 

model. Where appropriate, in a final model, subsequent analyses will be conducted to 

compare patterns of young children’s capabilities across gender (i.e., boys and girls) 

and ethnicity (i.e., Māori, Pacific, Asian, European, and Other ethnicities). The 

investigation of the impact of DIF effects by covariates interacting with latent profiles 

was examined to understand young children’s capabilities among diverse populations, 

which further supported fairness in assessment. 

Together, these research questions and associated analysis techniques were 
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intended to uncover the distinctive profiles and variations among children prior to 

school entry in New Zealand, allowing for a more nuanced understanding of how these 

capabilities may be understood, and their generalisability by child gender and ethnicity. 

4.3 Hypotheses 

Although the current work was exploratory in nature, the current research drew 

from previous research and child developmental theories to form the research 

hypotheses related to the number and nature of profiles that may be expected and the 

relationship with observed grouping variables. An important aspect of drawing 

hypotheses included careful consideration of the nature of data available from the 

GUiNZs 54-month dataset that represents six selected domains of children’s capabilities 

(prosocial behaviours, emotional symptoms, emotional knowledge, expressive 

language, receptive language, and executive function) and how these might be 

grouped or associated under the larger areas of children’s social, emotional, language 

and executive function development. 

Theoretically, the latent profile analysis (LPA) examined in Phase 1 will support the 

identification of distinct subgroups representing different patterns in the associations 

between children’s capabilities. However, as illustrated in Table 3-1, ‘Summary of 

Selected Person-Centred Studies’ Characteristics,’ and discussed in Chapter 3, previous 

research on capabilities in young children has identified between three and six latent 

profile groups. Distinct patterns emerged in only small groups, characterised by 

differences in social, emotional, behavioural, academic, or other health difficulties. 
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Associations between capabilities remained largely homogenous, reflecting low, 

medium, or high scores in capabilities across the remaining domains. Given the nature 

of the sample and range of capabilities assessed, the current research hypothesised 

that subgroups would be largely characterised by overall differences in children’s 

capabilities across the domains of development (i.e., above, below, or close to the 

average in capabilities), rather than a large number of profiles with unique or distinct 

patterns across the domains. (e.g., subgroups specified by specific capabilities). 

Hypotheses in Phase 2 related to potential differences in the optimal solution by 

observed grouping variables (i.e., gender and ethnicity). Hypotheses regarding MI for 

indicators of capabilities (i.e., prosocial behaviours, emotional symptoms, emotional 

knowledge, and expressive language) were not specified in this paragraph but were 

addressed in individual appendices. Specifically, hypotheses in Phase 2 are: (1) the 

child’s gender (boys and girls) will have no direct effects on the latent profile indicators 

(no DIF, meaning that as a form of measurement non-invariance, DIF is not observed); 

in other words, MI of the latent profile factors in the person-centred model across the 

child’s gender groups were hypothesised, and (2) the mother-prioritised child’s 

ethnicity (Māori, Pacific, Asian, European, and Other ethnicities) will have no direct 

effect on the latent profile indicators; that is to say, MI of the latent profile factors in the 

person-centred model across the child’s ethnic groups were also hypothesised.  

4.4 Sample 

The current research drew on data from the preschool phase (DCW5) of the 
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GUiNZs cohort study. Data collection of this wave took place in 2013 during the child’s 

54-month follow-up interviews and included 6,156 children and their parents. The 

determination of inclusion and exclusion criteria of the sample for the current study was 

guided by the research aims and analytic requirements of each phase. 

Initially, participants with no data on a given indicator were excluded from CFA 

analyses and construction of factor scores from the corresponding indicator in Phase 1, 

and participants with dual ethnic identities were additionally excluded from MG-CFA in 

Phase 2 (details about this procedural decision are available in 4.6.1.2 and Appendix 

2). Data were available for 6,156 children on any of the selected measures and were 

included in the analysis to validate the factor structure and descriptive analysis of the 

measures. For the LPA in Phase 1 and MIMIC modelling in Phase 2, participants were 

included if they provided data from at least one mother interview task and one child 

observation task (i.e., in the 54-month dataset to mitigate potential biases associated 

with non-attendance at mother interviews or children observations). Notably, 

participants may have been excluded due to missing gender information or dual ethnic 

identities in the MIMIC modelling in Phase 2. Overall, measures for 5,707 children were 

included in the LPA and MIMIC modelling analyses.  

4.5 Ethical Considerations   

Ethical approvals were obtained for both conducting the GUINZs and for the 

current research. Approval from the GUiNZs was initially granted by the Ministry of 

Health Northern Y Regional Ethics Committee (NTY/08/06/055), and mothers provided 
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written informed consent for their own participation as well as their children. For the 

thesis, an additional full-risk Massey University ethics application was submitted and 

was approved (NOR 22/57) by the Massey University Human Ethics Committee, as 

attached in Appendix 1. Although the current research represents a secondary data 

analysis in nature, the full-risk application was appropriate due to the sensitive nature 

of the data, which included information about young children, and a focus on 

outcomes and equity in measurement for younger Māori, the indigenous peoples of 

New Zealand. Ethical considerations guided all aspects of the research. The key ethical 

considerations for the secondary data analysis in the current work are related to data 

security, avoidance of harm and ensuring social justice, particularly in relation to the 

analysis and interpretation of findings. Each of these is described in more detail. 

Data security was ensured through the University of Auckland and Massey 

University systems. Research data management plans about data reuse, storage, and 

analysis were guided through the GUiNZs workshops and Massey University library 

training sessions. Data and information were additionally used, shared, and stored with 

care, ensuring adherence to the GUiNZs Data Access Agreement (V1.0 FM505, October 

2014) and the principles1 of Te Ara Tika (Hudson et al., 2019).  

Avoidance of harm and ensuring social justice were addressed through data due 

 

1 The principles of Te Ara Tika—whakapapa (purpose), tika (research design), manaakitanga (cultural and social responsibility), and 

mana (justice and equity)—serve as Māori ethical guidelines. These principles emphasise respectful and active engagement, cultural 

integrity, and the well-being of individuals and communities, guiding researchers and ethics committees to conduct research that 

upholds Māori values and promotes positive outcomes for Māori communities. 
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diligence, appropriate partnership, and prior consultation for the research design. For 

instance, to determine whether the equitable findings of LPA applied to Māori and 

ensure appropriate results interpretations for Māori, tests of MI assessed the 

equivalence of latent profile constructs across observed subgroups. Checking MI by 

ethnicity required a strategy to classify ethnicity, including classifying children with 

multiple ethnicities. The strategy selected clearly identified limitations and appropriate 

cautions to ensure interpretation accuracy. Cultural consultation for analytic procedures 

and interpretations of findings occurred throughout the research. 

Furthermore, working as an international researcher required appropriate 

consultation and support for understanding the New Zealand context and data 

interpretation, including consideration of terminology, Indigenous views of 

development, and alternate interpretations of findings to minimise harm, support the 

benefits of the research and address social justice issues. For example, focusing on 

strengths-based interpretations and preventive implications consistent with 

the developmental period for young children over deficit-based interpretations and 

implications can help mitigate risks of harm, increase benefits, and address social justice 

issues. 

4.6 Selected Variables 

Data for the present study can be classified as observed grouping variables, 

including the child's gender and ethnicity and data about young children’s capabilities 
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(prosocial behaviours, emotional symptoms, emotional knowledge, expressive 

language, receptive language, and executive function).  

4.6.1 Observed Grouping Variables 

The child’s gender and ethnicity were chosen as observed grouping variables for 

the Phase 2 study due to their substantial impact on young children’s emerging 

identities and their relevance to education as emphasised in Te Whāriki, the current 

early childhood curriculum. 

4.6.1.1 Gender. 

In the current work, gender was constructed based on the children’s biological sex 

at birth using the binary categories of ‘boys’ and ‘girls’. Data for the child’s gender was 

derived from the maternal responses during the 2009/2010 GUiNZs data collection 

wave, where mothers were asked to indicate whether they had given birth to a boy or a 

girl. These were the only two response options. The use of binary gender is a practical 

approach that allows for the investigation of differences in development by gender in 

young children (Hyde et al., 2019). A major limitation of this approach is that it does not 

align with contemporary understandings of gender diversity and fluidity and fails to 

encompass commonly recognised options, such as intersex and non-binary. As children 

grow in educational settings, the range of gender identities they identify with may 

expand further (Martin & Ruble, 2004). For example, recent research from GUiNZs to 

explore gender diversity at age 12 years showed self-reported gender identity and 

expression differed from the designations provided at birth for some of the cohort 
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(Neumann et al., 2023). Thus, acknowledging and discussing these limitations is 

essential for advancing understanding and exploring potential approaches in this field.  

4.6.1.2 Ethnicity. 

In the current work, a child's main ethnicity or ethnicities was determined by the 

mother’s report of the child’s ethnicity, which allowed the mother to nominate up to 

two options for the child’s main ethnic identity. In the current work, mothers’ responses 

were then classified into mutually exclusive single/combined ethnicity groups. Where 

mothers identified a single main ethnicity for the child, single-ethnicity groups were 

reported as described following the administrative prioritisation in Level 1 categories by 

Statistics New Zealand (2004): Māori, Pacific peoples, Asian, Other ethnicities (excluding 

European), and European. Where mothers identified the child as having combined/dual 

ethnicity groups (i.e., nominated two main ethnicities that fell within different Level 1 

categories), these children were excluded from analyses due to low sample sizes where 

ethnicity was to be assessed as a grouping variable (i.e., tests of measurement 

invariance), and complexities of interpretation. A detailed report on ethnicity 

prioritisation is attached in ‘8.2 Appendix 2. Ethnicity Prioritisation’. 

It is important to note that the breadth of the GUiNZs data regarding ethnicity 

categorisation offers multiple ways to classify, summarise and report ethnicity to 

address complexity (Yao et al., 2021). However, the quantitative analyses employed in 

the current research necessitated each case to be assigned to one mutually exclusive 

response option, leading to the use of the children’s single/combined ethnicity, as 



153 

 

prioritised by their mothers (Ministry of Health, 2017; Statistics New Zealand, 2005). 

This approach has limitations, as it may not fully capture an individual’s ethnic identity, 

which may comprise multiple ethnicities (i.e., more than two or non-‘main’ ethnicities), 

and the dynamic nature of ethnicity identification. In the current sample, this approach 

to categorisation additionally resulted in insufficient sample size within and between 

groups for children with combined/dual ethnic identities to be included in key Phase 1 

and Phase 2 analyses, including LPA, and associated MIMIC models. Ongoing 

recognition and discussion of issues related to adequate sample sizes are necessary to 

advance the knowledge and potential methods. 

4.6.1.3 Present Sample. 

Demographics (gender and ethnicity) of cases included the full sample, and the 

reduced sample included in LPA and MIMIC modelling were presented in Table 4-2. 

Table 4-2  

Sociodemographic Characteristics of the Overall Sample and Reduced Sample Included in LPA and MIMIC Modelling (n) 

Observed group Categories  
Overall sample  

(n = 6156) 

Reduced sample included in 

LPA and MIMIC modelling(n 

=5707) 

Child Gender (6W) Girl 2986 2791 

Boy 3164 2916 

Missing <10 <10 

Mother-prioritised 

child ethnicity (54M) 

Single/combination* 

Dual ethnicities 466 445 

Single-ethnicity Māori only 518 474 

Pacific Peoples only 729 673 

Asian only 670 594 

Other ethnicities only 661 559 

European only 3008 2876 

Missing  104 91 
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Note. Other ethnicities include MELAA, Other and New Zealanders. * represents missing values in the overall 6156 sample that 

include 104 system missing, user missing values and residual categories, which include ‘Don’s know’ and ‘References’ options. ‘n< 

10’ signifies cell suppression, indicating the removal of a cell’s value deemed sensitive, according to the GUiNZs data output 

guidelines. 

It is acknowledged that the approaches to classifying the child’s gender and ethnic 

groups did not fully reflect the diverse gender identities or ethnically diverse 

populations living in contemporary New Zealand society. These limitations were 

discussed with associated analyses presented in Chapters 5 and 6.  

4.6.2 Children’s Capabilities 

Key domains of young children's capabilities for the thesis were represented by 

age-appropriate indicators of prosocial behaviours, emotional symptoms, emotional 

knowledge, expressive and receptive language, and executive function. Indicators of the 

child’s social, emotional, and language capabilities were completed by the child’s 

mother. Specifically, mothers completed the Strengths and Difficulties Questionnaire 

(SDQ) and the five-item Parent Rating of Oral Language (PROL) measure. In addition, 

GUiNZs’ researchers conducted face-to-face assessments to observe and evaluate 

children’s emotional knowledge, receptive language, and executive function skills. The 

face-to-face assessment included the Affect Knowledge Test (AKT), Peabody Picture 

Vocabulary Test-III (PPVT-III), and the adapted Luria Hand Clap task. 

The use of mother-reported measures and direct child observation meant that 

information was collected from multiple perspectives to support a holistic and nuanced 

understanding of the child’s social, emotional, language and executive function 

capabilities. Using multiple data sources—specifically, mother-reported measures and 
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direct child observations can help validate findings by cross-checking information, 

thereby reducing bias in the representation of children’s capabilities, ensuring the 

inclusion of valuable data, and maximising the sample size and statistical power. Each 

of the measures and the scoring used in the present study is described below. 

4.6.2.1 The Strengths and Difficulties Questionnaire (SDQ). 

  The Strengths and Difficulties Questionnaire (SDQ) has been widely used as a 

behavioural screening tool among children 4-17 years of age (Goodman & Goodman, 

2009; Stone et al., 2010). Versions of the SDQ vary across age groups assessed, 

including parent/teacher-reported forms for children aged 4-17 and self-reported 

forms for children aged 11-17 (Goodman, 1997; Goodman et al., 1998). In the GUiNZs, 

the parent-reported standard version of SDQ was used in the 54-month data collection 

wave. The 25-item SDQ consists of five subscales, four assessing behavioural difficulties 

(i.e., conduct problems, hyperactivity, emotional symptoms, and peer problems) and 

one assessing behavioural strengths (prosocial behaviour), which relate to aspects of 

social and emotional capabilities as outlined by Denham (2006). Each SDQ item is 

endorsed by the respondent on a 3-point ordinal scale (‘not true’, ‘somewhat true’, 

‘certainly true’), scored 0-2, with five positively-worded items among the Difficulties 

subscales reverse-scored such that higher scores indicate more significant behavioural 

difficulties. Items of each of the five subscales are summed, with their total scores 

ranging from 0-10.  
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Due to an issue with timing2 related to verifying reverse-scored items for the 

dataset provided of the three selected subscales of the SDQ (peer problems, conduct 

problems, and hyperactivity-inattention), the current study only included the 5-item 

prosocial behaviour and 5-item emotional symptoms subscales of the SDQ as 

indicators of children’s social and emotional capabilities. The decision to proceed with 

these two subscales also aligned with the stated purpose of focusing on children’s 

strengths and capabilities rather than deficits or difficulties where possible. The 

prosocial behaviours subscale focused on children’s prosocial behaviours such as 

kindness, helping behaviours and being considerate of other people’s feelings. While 

the emotional symptoms subscale focused on emotional difficulties, such as being 

worried, anxious, having many fears, or being easily scared, it was determined that this 

aspect of children’s social-emotional functioning, as reported by mothers, should be 

included.  

Prior to Phase 1 LPA analyses, the construct validity of the prosocial behaviour and 

emotional symptoms subscales was assessed using Confirmatory Factor Analysis (CFA) 

to confirm their factor structure, with measurement equivalence across observed 

gender and ethnic groups assessed using Multi-Group CFA. Results are reported in 

 

2 The five SDQ subscales were initially included in the study, and confirmatory factor analyses (CFA) were conducted to assess their 

validity. Following the 8Y Data Users Guide, four items in the peer problems and hyperactivity-inattention subscales were reverse-

coded, and one conduct problems item was noted missing. Examination of the dataset indicated that these four reverse-coded 

items all appeared to have values, raising concerns that missing data in the dataset provided may have been recoded as actual 

values prior to the current analyses. Clarification from the GUiNZs team could not be obtained between April and November 2023. 

After consultation with supervisors, to ensure analytical reliability, analyses excluded the three subscales containing reverse-scored 

items and proceeded with the two subscales that could be independently and reliably interpreted.  
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Chapter 5, and a complete report on the SDQ and assessment of construct validity in 

the current sample is presented in 8.3 Appendix 3. 

4.6.2.2 The Affect Knowledge Test (AKT). 

 The Affect Knowledge Test (AKT) was designed to assess preschoolers’ expressive 

and receptive emotional knowledge (Denham, 1986) important for young children’s 

social and emotional capabilities. The AKT has been widely used as an age-appropriate 

tool to assess 2.5- to 5-year-old children’s recognition of emotions (i.e., happy, sad, 

angry, and afraid) and understanding of situational emotion knowledge (Bassett et al., 

2012; Sette et al., 2015). Versions of the AKT include the full (AKT) and shortened (AKT-

S) versions (Denham, 1986; Denham et al., 2015). The AKT-S comprises a 4-item 

expressive/verbal emotion identification task in which children are asked to recognise 

and name facial expressions depicted on four puppets (Denham, 2006). This version 

was further adapted to the 6-item AKT in the GUiNZs at the 54-month data collection 

wave (Morton et al., 2017).  

The current research used data from the 6-item adapted AKT administered by the 

GUiNZs to assess young children’s emotional understanding and expression 

capabilities. The GUiNZs adopted the shortened version of the AKT expressive emotion 

identification task due to time constraints. Cards with simple cartoon faces were used in 

place of puppets showing different emotions, and eyebrows were removed from the 

faces to make them more gender-neutral. Faces expressing the emotions of disgust 

and surprise were added to the original four emotions (happy, sad, angry, scared) in 
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the AKT expressive identification task to avoid the previously observed ceiling effect 

among children aged 54 months (Denham, 2006). Response options included: “0 = 

incorrect emotion with the opposite emotional valence; 1 = incorrect emotion within 

the same emotional valence; 2 = correct emotion or acceptable synonym”. The adapted 

AKT was assessed using a confirmatory factor analysis (CFA) to confirm its factor 

structure, and multiple-group confirmatory factor analysis (MG-CFA) to assess 

measurement invariance across the child’s gender and ethnic groups. Results are 

reported in Chapter 5, and a complete report on the AKT and assessment of construct 

validity in the current sample is presented in 8.4 Appendix 4. 

4.6.2.3 The Parent Rating of Oral Language (PROL). 

The current work used the Parent Rating of Oral Language (PROL) to indicate 

children’s expressive language skills. The GUiNZs modified the PROL from the Teacher 

Rating of Oral Language and Literacy (TROLL) (Dickinson & McCabe, 2001; Dickinson et 

al., 2003). The five questions of the PROL asked parents to indicate the child’s pattern 

of asking questions, the frequency of trying out new words, the child’s ability to 

communicate personal experiences clearly and logically, the frequency of being 

understood when speaking to other adults, and the child’s ability to communicate when 

the child is not first understood. Each item was rated on a four-point ordinal scale, with 

higher scores reflecting greater expressive language capabilities.  

Prior to Phase 1 LPA analyses, the construct validity of the PROL was assessed using 

confirmatory factor analysis (CFA) to confirm its factor structure, and multiple-group 
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confirmatory factor analysis (MG-CFA) to assess measurement invariance across child 

gender and ethnic groups. Results are reported in Chapter 5, and a complete report on 

the PROL and assessment of construct validity in the current sample is presented in 8.5 

Appendix 5.  

4.6.2.4 The Shortened Peabody Picture Vocabulary Test-III (PPVT-III). 

The revised, shortened version of the Peabody Picture Vocabulary Test III (PPVT-III) 

aims to test receptive vocabulary, verbal communication, and comprehension, with 

scores ranging from 0-40 (Ly et al., 2020; Rothman, 2005). During the assessment, the 

interviewer verbally presents a word, and the child selects the image that best 

represents its meaning or indicates “don’t know”(Dunn & Dunn, 1997). The task starts 

with two training items with four distinct images displayed, respectively. If both are 

answered correctly, the test of a Core Set of 20 items proceeds. Depending on the 

number of errors in the Core Set, children may receive an additional Basal Set if many 

errors occur or a Ceiling Set if few errors occur (Ly et al., 2020). The test concludes if the 

child chooses to stop or when their performance indicates no further items are needed. 

The scoring is based on the total number of correct responses on vocabulary, such as 

wrapping, exercising and horrified.  

The current research used the PPVT-III to assess children’s receptive language skills 

in English, consistent with the prior GUiNZs research (Galvin et al., 2020; Neumann et 

al., 2019). Data for the PPVT-III were available as a single variable derived from the 3-

parameter IRT model analysis conducted by the GUiNZs (Ly et al., 2020). Item-level 
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data were not available to secondary data users; therefore, the current research was 

unable to test its factor structure and assess MI across the child’s gender and ethnic 

groups. A detailed discussion of the scoring methods, validity as a measure of receptive 

vocabulary in young children and cultural biases of the original PPVT-III, the 

administration and scoring of the adapted PPVT-III in the GUiNZs and its use in the 

current research is provided in 8.6 Appendix 6. 

4.6.2.5 The Luria Hand Clap Task. 

The Luria Hand Clap task, adapted from the Luria-Nebraska Neuropsychological 

battery (Bialystok et al., 2010; Golden et al., 1980; Plaisted et al., 1983), aims to test 

children’s executive function skills (Buckley et al., 2019; Diamond & Taylor, 1996). The 

task measures young children’s inhibitory control and other executive function skills 

(i.e., working memory, cognitive flexibility) by testing the child’s ability to focus on the 

number of claps that the interviewer clapped, and the child responded by doing the 

opposite number of claps, indicating the executive component. The number of correct 

responses across sixteen test tasks provides a score ranging from 0 to 16. In GUINZs, 

Galvin et al. (2020) examined 54-month-old children’s executive function using a hand-

clap task. Due to the nature of its discrete, skewed distributional properties and non-

negative values, scores are treated as a count distribution and represented as medians 

in the current research. Additionally, the current research could not confirm its factor 

structure and test MI across the child’s gender and ethnic groups. A detailed 

description of the distributions of the Hand Clap Task scores, both in the overall sample 
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and by gender and ethnic groups, along with the use of the scores, is provided in 8.7 

Appendix 7. 

4.7 Procedure 

The following section outlines details for conducting the present study, which 

represents a secondary analysis of data obtained from child observations and mother 

interviews collected at the GUiNZs 54-month data collection wave. This procedure 

includes information about data access, project consultation, an overview of the 

analytic process, each phase described in detail, and the treatment of missing data.  

4.7.1 Data Access 

As the nature of the secondary data analyses in the current research, access to 

these existing datasets in the GUiNZs was obtained (reference number:  22DA001477) 

via the established process known as the GUiNZs dataset internal access application.  

This process involved the preparation of an initial research proposal (including the 

justification for the research, research design, variable selection, analysis plan, cultural 

consultation, and ethical considerations) for peer review/consultation by the Centre for 

Longitudinal Research (C4LR). Informed by this process, a final proposal was developed, 

reviewed, and approved by the GUiNZs Data Access Committee (DAC), and evaluated 

at the Doctoral Confirmation event at Massey University. Throughout my research, I 

have engaged in data due diligence and appropriate partnership and consultation for 

the research design, analysis, and interpretation. 
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4.7.2  Project Consultation 

The project consultation process has occurred in several phases. Initially, 

considerations and discussions around research design, data analysis and results 

interpretation were discussed with supervisors during fortnightly supervision meetings. 

Then, research design, data access application, and ethical considerations were 

discussed in consultation with Associate Professor Elizabeth Peterson and Associate 

Professor Annette Henderson from the University of Auckland. Ethical issues around 

ethnicity identification and the appropriate use of ethnicity variables were specifically 

discussed in a cultural consultation with Professor Te Kani Kingi and Dr Pania Te Maro. 

Thereafter, questions around the conceptual framework and the appropriate use of 

ethnicity variables were discussed with researchers from the Centre for Longitudinal 

Research, University of Auckland. Suggestions were also given at the doctoral 

confirmation event at Massey University. Ongoing fortnightly supervision meetings 

have also been used to review and discuss the results and findings. Finally, findings and 

thesis chapters were submitted to the GUiNZs for review and feedback by the research 

team and Data Access Committee, consistent with GUiNZs data use procedures, before 

the submission of the thesis. 

4.7.3 Analytical Process  

As noted above, the research was conducted in two phases: an initial phase 

assessing construct validity and an exploration of profiles of capabilities that may be 

evident in the overall sample of children at the 54-month assessment, and a second 
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phase in which the generalisability and validity of this model across child gender and 

ethnic groups were assessed. Figure 4-1 outlines these phases in more detail. The 

following section describes the methodological procedures used to address the 

research questions examined in each phase. Table 4-3 provides a more detailed 

overview of the analytical process used. Table 4-4 outlines the measures used and 

scores applied in each step by measures. Notably, CFA and MG-CFA were conducted 

only when constructs were indicated by indicators (prosocial behaviours, emotional 

symptoms, emotional knowledge, and expressive language), and item response data of 

these measures were available for secondary analyses in the current research. Together, 

both tables provide contexts that guide the methodological process in both phases of 

the research, key decisions on the analytical techniques, data sources and scores used 

in the analyses, and an overview of measures and scores by measures that aligned with 

the two phases of the studies in the thesis. The data analyses in both phases were 

carried out using SPSS Version 28.0.1.1 for data file preparation and Mplus version 8.10 

for the subsequent analyses. All procedures and analyses were conducted under the 

GUINZs data use agreement and consulted with the project advisors and research team 

from GUINZs.  
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Figure 4-1  

Methodological Process      
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Table 4-3  

Overview of Analytical Process 

Phases  Phase 1  Phase 2 

Steps  Step 1 Step 2  Step 1a  Step 2a  Step 1b Step 2b Step 3 

Analysis 

techniques 

 CFA   Latent Profile Analysis 

(unconditional LPA 

models) 

 Separate 

CFA for each 

gender 

group 

MI of the selected 

measures across 

gender groups 

using MG-CFA 

Separate CFA 

for each ethnic 

group 

MI of the selected 

measures across ethnic 

groups using MG-CFA 

MI of latent profile factors was tested 

using the DIF analysis through 

Multiple Indicators Multiple Causes 

(MIMIC) modelling: adding gender 

and ethnic groups as covariates of 

the latent profile factors 

Data source  All data of the 

overall sample 

Reduced sample  Data for 

each gender 

group  

All data of the 

overall sample 

Data for each 

ethnic group 

All data of the overall 

sample 

Reduced sample 

Scores for 

analyses 

 Item scores of 

the available 

measures 

Factor scores generated 

in step 1, and factor 

scores and count scores 

generated by the 

GUiNZs team, where 

item scores were not 

available 

 Item scores 

of the 

available 

measures by 

each gender 

group 

Factor scores 

generated in step 1 

and factor and 

count scores 

generated by the 

GUiNZs team, MG-

CFA by gender  

Item scores of 

the available 

measures, CFA 

by Ethnicity 

Factor scores generated 

in step 1 and factor and 

count scores generated 

by the GUiNZs team, 

MG-CFA by ethnicity 

Factor scores generated in step 1, 

and dummy-coded scores of the 

child’s gender and ethnicity  
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Table 4-4  

Overview of Measures and Scores Used by Measures in Each Step 

Phases  Phase 1  Phase 2 

Steps  Step 1 Step 2  Step 1a Step 2a Step 1b Step 2b  Step 3a Step 3b 

Model 

indicators  

Selected 

measures  

 Factor of the 

indicators in CFA 

Score entered 

in LCA  

 Factor of the 

indicators in 

CFA 

MG-CFA 

Results  

Factor of the 

indicators in 

CFA 

MG-CFA 

Results  

Scores 

in step 3a 

Covariates and 

factors in MIMIC 

modelling 

Prosocial 

behaviour  

SDQ prosocial 

(5 items) 

 1 factor Factor scores  1 factor MI 1 factor Partial MI MG-CFA across gender 

threshold invariance test 

factor scores 

Using the observed 

grouping variables 

(gender, ethnicity) as 

covariates of the 

optimal latent group 

solution and its 

factors generated in 

Phase 1, Step 2  

Emotional 

symptoms 

SDQ emotional 

symptom (5 

items)  

 1 factor Factor scores  1 factor MI 1 factor Partial MI MG-CFA across gender 

threshold invariance test 

factor scores 

Emotional 

knowledge 

AKT  

(6 items) 

 1 factor Factor scores  1 factor MI 1 factor Partial MI MG-CFA across gender 

threshold invariance test 

factor scores 

Expressive 

language  

PROL 

(5 items) 

 1 factor Factor scores  1 factor MI 1 factor Partial MI MG-CFA across gender 

threshold invariance test 

factor scores 

Receptive 

language  

PPVT- III   n/a GUiNZs 

calculated 

score 

 n/a n/a n/a n/a GUiNZs calculated score 

Executive 

function 

Hand Clap 

Task  

 n/a Count Score  n/a n/a n/a n/a Count Score 
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4.7.3.1 Phase 1: Confirmatory Factor Analysis. 

As noted in Phase 1 Figure 4-1, the research initially focused on validating the 

selected indicators of children’s capabilities through Confirmatory Factor Analysis (CFA: 

identified as step 1 in Table 4-3 and Table 4-4). Phase 1, step 1, involved using item 

scores of each of the available measures to conduct separate confirmatory factor 

analyses for the overall sample. This process helped confirm the factor structure of the 

selected measures (5-item prosocial behaviour and emotional symptoms subscales in 

the SDQ, the 6-item AKT, and the 5-item PROL). This step also helped ensure 

indicators that reflect young children’s social, emotional, and language capabilities were 

theoretically sound and appropriate for the sample, prior to examining the LPA of the 

overall sample.  

Phase 1, step 1 confirmed one-factor structure and generated factor scores in the 

CFA for each of the available measures, which were further used in the subsequent LPA. 

The advantages of using factor scores are to provide a more robust alternative to scale 

scores by giving more weight to items with lower measurement errors, thus offering 

partial implicit control for measurement errors (Morin et al., 2016; Morin & Marsh, 

2015). Detailed reports for the CFA results for the available measures are described in 

Appendices 3-5. Notably, the present research was unable to conduct CFA for the 

PPVT-III due to data unavailability, nor for the Luria Hand Clap tasks, as it was 

represented by a single count indicator in the GUiNZs 54-month dataset.  
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4.7.3.2 Phase 1: Latent Profile Analysis.  

As discussed in Chapter 3 and noted in Phase 1 Figure 4-1, following the 

examination of the construct validity of the available measures, a holistic and person-

centred analysis approach was adopted to explore the potential for subgroups of 

young children to display distinct shared patterns of social, emotional, language, and 

executive function capabilities. In Latent Profile Analysis (LPA), individuals are classified 

into high probabilistic classes, with low probabilities of being assigned to other latent 

subgroups (Harring & Hodis, 2016; Jago et al., 2018). This enables substantive latent 

subgroups of young children’s social, emotional, language and executive function 

capabilities to be explored and described.  

In Phase 1, step 2 (Table 4-3 and Table 4-4 by measures), indicator variables in the 

LPA were the factor scores generated in CFA for each of the available measures in the 

current research (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language). In addition to these factor scores, the present research used 

factor scores of the PPVT-III and count scores in the Luria Hand-Clap task generated by 

the GUiNZs team to represent young children’s receptive language and executive 

function, respectively.  

For the present research, factor scores representing prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive language, and receptive 

language can be interpreted as standardised mean scores. This means that indicators of 

profiles in latent group solutions are broadly described in relation to the standard 
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deviation below or above the overall sample mean. Median scores of the Luria Hand 

Clap task are reported with the grand median score of 13 used as the reference on the 

X-axis in the illustrations of latent group models in the Results section of Chapter 5. The 

use of grand mean/median scores was employed as a reference to reflect young 

children’s overall social, emotional, language and executive function capabilities within 

the sample, rather than indicating a pre-determined or expected level of performance 

on each measure. Scores below or above the mean should not be interpreted as having 

clinical implications.  

The conceptual model of the LPA, illustrated in Figure 4-2 and presented again in 

Chapter 5, is designed to explore profiles of young children’s capabilities. Using 

predefined criteria, these profiles are indicated through associations between children’s 

capabilities. Composite scores (i.e., factor scores) were used to indicate prosocial 

behaviours, emotional symptoms, emotional knowledge, expressive language and 

receptive language, and count scores were used to assess executive function. The latent 

profile refers to the unobserved latent variables, which are represented as estimated 

group solutions in Chapter 5, the ‘Results’ section within the current research. 

Unconditional LPA models were estimated for group solutions ranging from one to six 

groups, with variances fully constrained and unconstrained for examining model 

stability. In variances fully constrained models, variances were fixed to be equal across 

group solutions in a model, whereas in variance-unconstrained models, variances were 

freely estimated across group solutions. 
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Figure 4-2  

Visualisation of the LPA Conceptual Model in Phase 1 

 

Note. The latent profile of children’s capabilities represents the unobserved latent variable in the ellipse. The square boxes 

represent indicators or measured variables that include prosocial behaviour, emotional symptoms, emotional knowledge, 

expressive language, receptive language, and executive function. e1 to e6 represent the error variances in the model. 

The optimal group enumeration process was carried out alongside the estimation 

of successive LPA models, with both model fit indices and theoretical considerations 

informing the optimal solution. Specifically, model fit indices used to determine the 

number of profiles that fit the data were information criteria, including Sample‐size‐

adjusted Bayesian Information Criterion (SABIC), Lo-Mendell Rubin Likelihood Ratio 

Test (LMR), Bootstrap Likelihood Ratio Test (BLRT), entropy, as well as the group sizes 

and interpretability of the emergent subgroups (Muthén, 2004; Nylund et al., 2007). A 

detailed LPA description of the LPA methods and findings is provided in Chapter 5.  
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4.7.3.3 Phase 2: Multiple-group Confirmatory Factor Analysis. 

In Phase 2, Figure 4-1, MI across the observed gender and ethnic groups were 

evaluated for prosocial behaviours, emotional symptoms, emotional knowledge, and 

expressive language. The analyses evaluate the construct validity of these measures 

across observed grouping variables (i.e., children’s gender and ethnic groups), 

commonly used as socio-demographic variables in GUiNZs (Meissel et al., 2019; 

Morton et al., 2020). When the parameters of a measurement model are statistically 

equivalent across the child’s gender and ethnic groups, MI is established, meaning the 

construct of the selected measures is understood in the same ways across the child’s 

gender and ethnic groups. This was explored by testing the hypothesised CFA model 

separately in each gender and ethnic group using CFA, followed by further analyses of 

testing a multiple-group model using MG-CFA to see whether MI across child gender 

and ethnic groups were established.  

As recommended by Dimitrov (2010) and Bowen and Masa (2015), CFA was 

conducted separately to assess the best factor model for each group before the 

invariance tests prior to the MG-CFA. This process is shown as Phase 2 in Table 4-3 and 

Table 4-4 for assessing CFA models by the child’s gender (step 1a) and ethnicity (step 

1b). Multi-group analyses of MI for each of the CFA models of the selected measures 

were conducted using ordered categorical variable methodology and weighted least 

squares means-variance (WLSMV) estimation and the Theta parameterisation as 

implemented in Mplus v8.10. In a CFA model, each item is assumed to indicate the 
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same generic true score, but with a unique contribution to the composite score and an 

item-specific error variance (Dragovic, 2004). 

 MG-CFA was conducted to test the MI of the selected measures across child 

gender and ethnic groups, as seen in Steps 2a and 2b in Table 4-3 and Table 4-4. Due 

to the limited data access, the available selected measures included in the MG-CFA are 

the prosocial behaviour and emotional symptoms subscale in the SDQ, the AKT, and 

the PROL. Specifically, the group invariance of these one-factor models of the selected 

measures across the child’s gender and ethnic groups was tested by assessing the 

relative fit of nested models with increasingly restrictive constraints on the factor 

structure, factor loadings and item thresholds. Decrements in model fit were assessed 

with reference to changes (∆) in fit indices with increasingly restrictive models, with 

critical values of ∆CFI |0.01|, SRMR (Δ < 0.02 for configural vs. metric; Δ < 0.01 metric vs. 

threshold), and RMSEA (Δ < 0.015) used to evaluate whether a null hypothesis of group 

invariance should be rejected (Chen, 2007). Due to its sensitivity to sample size, 

changes in chi-square for increasingly restricted models assessed using the DIFFTEST 

function were reported but not considered in the current evaluation of model fit. 

Detailed reports for MI tests were described in Appendices 3-5. 

Testing MI of the selected measures in the current research included configural, 

metric and threshold invariance. Configural invariance was conducted by specifying the 

factor structure to be consistent across groups, while the factor loadings and thresholds 

were freely estimated across groups. The metric invariance was assessed by 
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constraining all factor loadings to be equal across groups, fixing residual variances at 

one in the reference group while freeing them in the other groups, and setting factor 

means at zero in the reference group while estimating them freely in the remaining 

groups. The threshold invariance was conducted by constraining factor loadings and 

thresholds to be equal across groups.  

Where model evaluation indicates a lack of metric or threshold invariance, partial 

invariance analysis was performed. A backward estimation approach freed parameters 

displaying the greatest model miss-fit across groups. Partial invariance was identified if 

acceptable levels of decline in model fit could be achieved, where more than half of the 

model indicators were invariant across groups.  

Results of the MI tests across the child gender and ethnic groups are shown in 

steps 2a and 2b in Table 4-4. Full MI was found for the selected measures across the 

child gender groups, while partial invariance was found for the selected measures 

across the child ethnic groups. These results are used to guide the following MIMIC 

modelling across the child gender and ethnic groups. 

4.7.3.4 Phase 2: DIF Analyses of the Optimal Latent Group Solution Factors. 

A notable aspect of the current research was the exploration of MI within latent 

profile solutions in person-centred approaches. The consistency of profiles derived 

from the analysis was assessed across the child’s gender and ethnic groups to ensure 

appropriate interpretation of findings. Initially, this was assessed by testing the 

hypothesised LPA models separately in each gender group using LPA in Step 3a and 
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Step 3b in Table 4-3, followed by further analyses of estimating potential biases from 

the covariates (i.e., the child gender, ethnicity) to the latent profile factors using MIMIC 

modelling in Table 4-3 to see whether MI of the latent profile factors at the model level 

would be established. 

 Once MI tests of the available measures were completed, the current research 

proceeded with data analysis through Step 3 DIF approach using MIMIC modelling as it 

enabled to examine MI at the construct level of the two selected indicators (i.e., 

receptive language measured by the PPVT-III, executive function measured by the 

Hand Clap task) across the child’s gender, and five single-ethnicity groups. Specifically, 

as shown in Table 4-3 Step 3, the DIF approach was used to assess whether the optimal 

model construct was equivalent across the child’s gender and ethnic groups. The DIF 

approach through MIMIC modelling uses child’s gender, and five single-ethnicity 

groups as covariates of the optimal latent group solution and its factors to extend the 

examination of MI on the profiles and assesses the direct effect on each of the factors 

(i.e., prosocial behaviours, emotional symptoms, emotional knowledge, expressive 

language, receptive language, and executive function) in the optimal latent group 

solutions. A significant direct effect of the covariates on a factor suggests that the factor 

mean differs across the levels of the covariate. Where direct effects are not significant, it 

can be inferred that the model is equally valid levels of the covariate and that group 

differences can be meaningfully interpreted (Harring & Hodis, 2016).  
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 The results from MI at the model level determine whether comparisons of the 

mean and probabilities of the optimal latent group solutions across the child gender 

and ethnic groups are proceeded or refrained, as noted in Figure 4-1. This exploration 

is significant as it helps mitigate biased estimations in LPA, where the measurement of 

non-invariance of latent profiles exists (Cole, 2017). Further, assessing the MI of the 

latent profile solution itself across critical demographic groups allows for the evaluation 

of whether these groups shared similar theoretical concepts or typologies (Bettencourt 

et al., 2022; Lukac et al., 2019).  

4.7.3.5 Missing data. 

Of the 6,156 participants who had data on the demographic variables, some had 

incomplete data on the selected measures (indicators) of young children’s social, 

emotional, language and executive function capabilities. As multiple conceptually and 

statistically distinct stages were conducted in the current research, entries for 

participants were considered according to analysis purposes in each stage. In CFA in 

Phase 1 and MG-CFA in Phase 2, the numbers of participants were included to confirm 

the constructs of selected measures where there was data in each measure. In the LPA 

in Phase 1 and MIMIC modelling in Phase 2 to explore shared patterns of young 

children’s social, emotional, language and executive function capabilities, cases of 

missing data on all indicators and cases were excluded (7.3%) and treated as missing 

completely at random where there was a missing observation for at least one of the 
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following tasks: Luria (executive function), PPVT-III (receptive language) or AKT 

(emotional knowledge).  

4.8 Summary  

Secondary analyses of the Growing Up in New Zealand study (GUiNZs) 54-month 

dataset were conducted in the current research. The primary focus of the current 

research was to explore the shared patterns of young children’s social, emotional, 

language, and executive function capabilities. In addition, MI tests of the available 

selected measures were tested to ensure the constructs of these measures were 

understood equivalently across the child’s gender and ethnic groups, which lays the 

foundations for the further examination of the MI on the profile model level. Research 

questions and hypotheses guided the specific analyses. In the current research, 

statistical techniques include descriptive analysis of demographic information and each 

measure, CFA, LPA, MG-CFA and the DIF approach using MIMIC modelling.  

Each technique in the analytical procedures was optimised to align with the 

research aims and questions. Phase 1, Step 1, item scores from each of the available 

measures were used to conduct separate CFA for the overall sample, confirming the 

factor structure of the selected measures: the 5-item prosocial behaviour and 

emotional symptoms subscales in the SDQ, the 6-item AKT, and the 5-item PROL. In 

Step 2, a person-centred approach using the LPA was adopted to identify shared 

patterns of young children’s social, emotional, behavioural, and executive function. 

Phase 2 evaluated whether the MI of the optimal latent group solution generated in 
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Phase 1 Step 2 can be established across the child’s gender and ethnic groups to 

facilitate generalisation and comparisons of findings. In Phase 2, Step 3, the DIF 

approach using MIMIC modelling assessed whether the optimal latent group solution 

was equivalent across the levels of covariates (i.e., the child’s gender and five single-

ethnicity groups). The child’s gender and five single-ethnicity groups were used as 

covariates of the optimal latent group solution and its factors to estimate the DIF 

effects from the covariates to the factors. This extended the examination of MI in the 

profiles and assessment of the DIF effects on each indicator to ensure fairness in the 

interpretation of the results. 
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Chapter 5 Phase 1: Methods and Findings 

The purpose of the present chapter is to address the first phase of my research. 

This includes a more detailed description of the methods, describing the findings, and 

briefly discussing the Phase 1 implications and limitations. Phase 1 was to explore 

whether distinct latent subgroups with shared patterns of children’s social, emotional, 

language and executive function capabilities could be identified in the 54‐month 

dataset in GUiNZs. These capabilities were specifically measured by prosocial 

behaviours, emotional symptoms, emotional knowledge, expressive language, receptive 

language, and executive function. Based on multiple statistical criteria and theoretical 

justifications, a latent profile solution was identified, and the dominant patterns of 

children’s social, emotional, language and executive function capabilities were 

interpreted in each latent subgroup. 

5.1 Introduction 

Young children’s social, emotional, language, and executive function are often not 

directly observable and are conceptualised as latent variables, which cannot be directly 

observed but are inferred through mathematical models based on related observable 

variables (Bollen, 2002). Methods incorporating categorical latent variables are 

commonly known as finite mixture modelling (Harring & Hodis, 2016). Finite mixture 

modelling aims to identify subgroups of cases, also referred to as latent classes or 

profiles, based on distinct statistical characteristics, such as means, variances and 

covariances among variables of interest (Harring & Hodis, 2016). Mixture models assess 
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and classify cases in a probabilistic way. This means that the probability of an individual 

belonging to each latent class in a given model is computed, and then the individual is 

assigned to that class for which they have the highest probability of membership. 

Latent class analysis (LCA) and latent profile analysis (LPA) fall under finite mixture 

modelling (FMM) techniques and are used as a person‐centred approach to latent 

variable analysis. LCA refers to the probabilistic modelling technique to identify 

subgroups within the population using multivariate categorical data (Collins & Lanza, 

2010). In contrast, LPA assesses how well underlying latent profiles explain the variance 

among a set of observed continuous variables (Bergman & Magnusson, 1997; Collins & 

Lanza, 2010; Masyn, 2013).  

LPA is a rigorous, statistical method that enables the investigation of qualitative 

differences—reflected in the patterns of associations across key factors—alongside 

quantitative differences, such as the numbers and proportions of subgroups within the 

population. This makes LPA a powerful tool for generating a nuanced understanding of 

the diverse characteristics of the populations. LPA identifies individual differences within 

an effect or phenomenon through patterns and posits that a small number of unique 

but meaningful patterns in associations between variables occur within a given sample 

(Bergman & Magnusson, 1997; Bergman et al., 2003; Sterba, 2013). Patterns that 

emerge within and across groups might be described as homogenous or 

heterogeneous. When the pattern is homogenous, it refers to an overall trend in how 

individual factors relate to each other across groups. When the pattern is 
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heterogeneous, it refers to unique patterns of how individual factors relate to each 

other across groups, such that the patterns of relationship across factors may be 

distinct for each group.  

As noted in the person‐centred analysis methods section in Chapter 3, LPA has 

been extensively applied to describe patterns in the development of young children’s 

social, emotional, language, and executive function characteristics (Collie et al., 2019; 

Russell et al., 2022; Sandilos et al., 2019; Thomson et al., 2017; Thomson et al., 2019). 

LPA enables researchers to identify groups of individuals with shared characteristics, 

describe them based on their indicators, and explore factors associated with group 

membership. It is also undoubtedly valuable for a holistic understanding of young 

children’s capabilities and common patterns in strengths and weaknesses across diverse 

populations, datasets, and indicators used in the research.  

A latent profile analysis involves model assumptions, specification, estimation, 

evaluation, selection, and interpretation. Steps for estimating, evaluating, and selecting 

an LPA involve fitting and comparing models specifying varying numbers of groups to 

evaluate their relative fit to the data and substantive interpretation of solutions to 

identify an optimal model (Masyn, 2013). The current research does not discuss the 

mathematical foundations of the LPA, which can be found in the literature (Masyn, 

2013; McCutcheon, 1987; McCutcheon, 2002; McLachlan & Peel, 2000).  
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5.2 Analysis   

Latent profile analyses (LPA) were conducted using Mplus 8.10 to identify patterns 

in young children’s social, emotional, language, and executive function capabilities in 

the GUiNZs 54‐month dataset. As noted in Figure 5‐1, indicators of children’s profiles 

are composite scores (i.e., factor scores) representing the child’s prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive and receptive language ability, 

and count scores for executive function. After establishing the construct validity of the 

available measures, composite variables, such as factor scores, are used as indicators to 

characterise profiles of children’s capabilities. The robust maximum likelihood (MLR) 

estimator was used to enhance the accuracy and reduce bias in parameter estimates 

(Muthén & Muthén, 1998‐2017). Sets of random starting values were specified 

between 100 and 500 to locate the highest log‐likelihood values as opposed to a local 

solution and minimise statistical inaccuracy or biasing parameter estimates (Jung & 

Wickrama, 2008; Wickrama et al., 2016). The initial identification of an optimal model is 

performed using unconditional latent profile analysis (i.e., without covariates included). 

Specifically, the analyses start with assessing variance‐constrained unconditional LPA 

models in which indicator variances are constrained across groups, followed by 

assessing variance‐unstrained unconditional LPA models that release parameter 

constraints in variances.  

LPA models with increasing numbers of solutions were fitted to the data to identify 

the optimal number of latent profiles that best represent the shared patterns of 
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children’s capabilities in the sample. A combination of data‐driven and child 

developmental theory‐based approaches was used to select the optimal LPA solutions. 

Specifically, the optimal number of groups was determined with reference to the 

following criteria: group size, group interpretability, entropy and average posterior 

probabilities of group separation, the Sample‐size‐adjusted Bayesian Information 

Criterion (SABIC), and significant Lo‐Mendell Rubin Likelihood Ratio Test (LMR) and 

Bootstrap Likelihood Ratio Test (BLRT) statistics. A minimum group size, representing at 

least 50 cases or 5% of the sample, was required alongside the interpretability of the 

groups. Higher entropy values (>.80) were necessary to indicate greater class 

separation (and greater heterogeneity in the sample) and precision/certainty in group 

assignment (Muthén, 2004), with a value close to 1.0 signifying higher classification 

precision (Jung & Wickrama, 2008; Peugh & Fan, 2013). Model fit was evaluated by 

changes and plateaus in SABIC values with an increasing number of groups. SABIC 

values represent a statistical evaluation of the fit of a model while accounting for the 

number of parameters and the sample size, with lower values indicating a greater fit to 

the data (Henson et al., 2007). Improvements in model fit were compared between k 

and k‐1 models using the SABIC values, and LMRT and BLRT statistics (Berlin et al., 

2013; Lo et al., 2001; Muthén, 2004; Nylund et al., 2007). Once the models were 

identified, posterior probabilities were then used for tracking movement between the k 

vs. k‐1 model, and a 0.7 was used as a minimum rule‐of‐thumb (Daniel, 2005). Bar 

charts based on estimated profile membership were presented to understand the 
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patterns of each model. Cross‐tabulations of profile membership transitions between 

models based on the most likely profile membership were presented to interpret the 

changes in probabilities between the k vs. k‐1 model. 

Figure 5-1  

Visualisation of the LPA Conceptual Model in Phase 1 

 

Note. The latent profile of children’s capabilities represents the unobserved latent variable in the ellipse. The square boxes 

represent indicators or measured variables that include prosocial behaviour, emotional symptoms, emotional knowledge, 

expressive language, receptive language, and executive function. e1 to e6 represent the error variances in the model. Figure 5-1 is 

the same as Figure 4-2. 

5.3 Results 

Results for this phase of research are presented in three parts. First descriptive 

statistics for the data are presented and described below. This is followed by a section 

to examine group enumeration for variance‐constrained unconditional LPA models, 

followed by variance‐unconstrained LPA models. Results are then presented for the 
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process to determine and interpret the optional solution identified for the present 

research.  

A total of 5707 participants with data on either observation task (the Luria Hand 

Clap Task, the Peabody Picture Vocabulary Test‐ III, or the Affect Knowledge Task) were 

included in the current latent profile analysis. Descriptive statistics included means, 

variances, median, skewness and kurtosis, minimum and maximum values of the 

selected indicators in Table 5‐1 and correlations between the selected indicators in 

Table 5‐2.   

Table 5‐1 showed approximately symmetric distributions of prosocial behaviours, 

expressive language, and receptive language. In contrast, continuous variables fit within 

generally accepted values for approximate normal distributions regarding skewness 

and kurtosis. This further showed that moderately skewed distributions were observed 

for emotional symptoms and emotional knowledge represented by continuous 

variables and executive function represented by count variables. It is not surprising that 

these indicators were generally normally distributed across populations due to the 

factor scores generated as Z scores. As observed in Table 5‐2, correlation coefficients 

between scores of the selected indicators showed that emotional symptoms were 

negatively correlated with other characteristics (prosocial behaviours, emotional 

knowledge, expressive language, receptive language, and executive function). Positive 

correlations were observed among these indicators except for emotional symptoms. 

These correlation coefficients, ranging from ‐0.21 to 0.44, showed zero to a moderate 
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negative/positive correlation (Akoglu, 2018; Dancey, 2007). These descriptive analyses 

provided a solid foundation for person‐centred analysis. 

Table 5-1  

Descriptive Statistics for Scores on the Indicators 

 n Mean/variances Median Skewness/Kurtosis Minimum/maximum 

Prosocial behaviours 5705 ‐0.013(0.280) 0.054 ‐0.384/‐0.512 ‐2.103/0.689 

Emotional symptoms  5705 0.029(0.181) ‐0.054 0.681/‐0.183 ‐0.480/1.645 

Emotional knowledge 5605 ‐0.072(0.424) 0.010 ‐0.707/0.859 ‐2.154/1.225 

Expressive language  5702 ‐0.011(0.235) 0.033 ‐0.358/‐0.395 ‐2.328/0.677 

Receptive language 5606 ‐0.001(0.812) 0.038 ‐0.128/‐0.209 ‐3.587/2.548 

Executive function 5447 11.136(25.293) 13 ‐0.966/‐0.342 0/16 

Note. Overall observations of cases N=5707. The data included cases where there is no missing observation for the following tasks: 

Luria (executive function), PPVT‐III (receptive language) or AKT (emotional knowledge). Factor scores of prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive language and receptive language, and count scores of the executive 

function were used throughout the research. Original count scores of the executive function were used in the analysis in Table 5‐1. 

Table 5-2  

Correlations Between Scores of the Selected Indicators 

 Prosocial 

behaviours 

Emotional 

symptoms 

Emotional 

knowledge 

Expressive 

language  

Receptive 

language 

Executive 

function 

Prosocial behaviours 1.000 ‐ ‐ ‐ ‐ ‐ 

Emotional symptoms  ‐0.069 1.000 ‐ ‐ ‐ ‐ 

Emotional knowledge 0.063 ‐0.145 1.000 ‐ ‐ ‐ 

Expressive language 0.269 ‐0.182 0.226 1.000 ‐ ‐ 

Receptive language 0.051 ‐0.205 0.441 0.333 1.000 ‐ 

Executive function 0.085 ‐0.114 0.273 0.217 0.365 1.000 

Note. Overall observations of cases N=5707. The data included cases where there was no missing observation for the following 

tasks: Luria (executive function), PPVT‐III (receptive language) or AKT (emotional knowledge). Factor scores of prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive language and receptive language, and count scores of the executive 

function were used throughout the research. Original count scores of the executive function were used in the correlation coefficient 

analysis in Table 5‐2. 
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5.3.1 Group Enumeration 

5.3.1.1 Variance-constrained unconditional LPA model. 

Group enumeration was conducted to identify the optimal number of group 

solutions represented in the sample. LPAs for 1‐ through 6‐group models were 

estimated using unconditional models with variances fully constrained. Model fit 

statistics for each model were presented in Table 5‐3. The entropy values for all models 

ranged from 0.64 to 1, indicating medium to high levels of group separation for these 

models. The posterior probabilities with a 0.7 minimum were achieved for 1‐group to 

3‐group models and the 5‐group model. The p‐values in LMRT were all significant at 

the α < .01 level, indicating that solutions with a greater number of profiles provided a 

better fit than the k‐1 profile solutions. Separate descriptions and interpretations for 2‐ 

to 6‐group models were given in the following sections.  

Model fit improved with the number of profiles estimated based on changes in 

SABIC in Figure 5-2. Changes in SABIC in Figure 5‐2 continued to decrease as 

additional profiles were added after extracting the 3‐group model. The rate of change 

in SABIC values slowed and was not statistically significant after the 3‐group model, as 

the slope of the line from the 3‐to 4‐group model appeared visually identical to that 

from the 4‐ to 5‐group model. Also, the ‘elbow’ in the plot indicated that further 

increases in model complexity (i.e., more group solutions) did not yield the same 

decrease in SABIC. Although SABIC values continued to decrease, the 3‐ and 4‐group 

models were identified as the most appropriate solutions, providing the best fit of the 



187 

 

data with entropy values indicating adequate group separation and relatively high 

accuracy of class assignment based on the six capabilities assessed (prosocial 

behaviours, emotional symptoms, emotional knowledge, expressive language, receptive 

language and executive function) scores. 

Figure 5-2  

The Elbow Plot of Sample-Size Adjusted Bayesian Information Criterion (SABIC) From Unconditional Latent Profile Models With 

Variances Fully Constrained of Children’s Capabilities in the GUiNZs 54-Month Dataset 

 
Note. For the LPA analyses, count scores of the executive function in the LPA above were reversed, i.e., the number of correct 

responses vs. the number of errors were reversed, using a simple linear transformation (1‐16 to 16‐1) to address skewness in the 

Hand Clap task presented in 8.7 Appendix 7. Scores were then converted back to their original direction to ensure consistency and 

ease of interpretation across sample and grouping variables (i.e., gender and ethnic groups).  
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Table 5-3  

Fit Statistics and Group Proportions for 1- to 6-Group Models With Variances Fully-Constrained of Children’s Capabilities at 54-

Month Assessment (n =5707) 

Fit statistics G1 G2 G3 G4 G5 G6 

Log-Likelihood value -39143.550 -37795.160 -37450.983 -37282.974 -37138.156 -37043.311 

No. estimated parameters 12 19 26 33 40 47 

Information criteria       

SABIC 78352.761 75694.283 75044.232 74746.515 74495.182 74343.794 

 

Entropy 

 

1.00 

 

.707 

 

.644 

 

.708 

 

.693 

 

.671 

 

Av. Posterior Probabilities range 
1.00 0.86-0.93 0.81-0.84 0.64-0.90 0.73-0.84 0.68-0.81 

Relative model fit (k – 1)       

LMR - 
2652.96, 

p < .001 

1081.058, 

p < .001 

330.560, 

p < .001 

284.929,  

p < .001 

186.609,  

p < .001 

BLRT - p < .001 p < .001 p < .001 p < .001 p < .001 

Profile membership (most likely)       

G1 5707 (100.0%) 1466 (25.7%) 2613 (45.8%) 611 (10.7%) 713 (12.5%) 493 (8.6%) 

G2 - 4241 (74.3%) 518 (9.1%) 721 (12.6%) 2176 (38.1%) 718 (12.6%) 

G3 - - 2576 (45.1%) 1804 (31.6%) 477 (8.4%) 1195 (20.9%) 

G4 - - - 2571 (45.1%) 1165 (20.4%) 2118 (37.1%) 

G5 - - - - 1176 (20.6%) 782 (13.7%) 

G6 - - - - - 401 (7.0%) 

Note. Groups represented profiles among children in the Growing Up in New Zealand Study from Latent Profile Analyses (fully 

constrained models across groups) for 1‐6 group solutions. LPA = latent profile analysis; SABIC = Sample‐size‐adjusted BIC; the 

LMR test and the BLRT compare the current model to a model with k − 1 profiles. Av. posterior probabilities = average posterior 

probabilities. LMR = Lo‐Mendell Rubin; BLRT = bootstrap likelihood ratio test; the LPA model constrained variances to be equal 

between groups. 

Below were descriptions of the profile means in each profile with graphs (Figure 5-

3 to Figure 5-7) and narrative descriptions of these means in 2- to 6-group models. 

Profile Means refer to standardised mean scores that result in all profiles described 

concerning standard deviation below or above the sample mean. 



189 

 

5.3.1.1.1 2-Group Model. 

Fit statistics for the 2-group model in Table 5-3 showed the largest rate of change 

in SABIC(2-group vs. 1-group)= 2658.48, entropy = .71, with average posterior probabilities 

ranging from 0.86 to 0.93, and LMR and BLRT with significant p-values. Based on the 

rule-of-thumb of the criteria mentioned above, fit statistics for the 2-group model 

showed a good fit of the data. 

 As observed in Figure 5-3, the 2-group model indicated 25.3% of young children 

were best characterised by Profile 1 and 74.3% by Profile 2. Children in Profile 1 scored 

below the sample mean on prosocial behaviours, emotional knowledge, expressive 

language, receptive language, and executive function, and above the mean in 

emotional symptoms. Notably, scores for emotional knowledge and receptive language 

were more than half a standard deviation below the sample mean. In contrast, children 

in Profile 2 were characterised by scores that were close to or above the mean/median 

on prosocial behaviours, emotional knowledge, expressive language, receptive 

language, and executive function, and below the mean in emotional symptoms. Overall, 

these two profiles represented low and medium-high achievement in these capabilities. 
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Figure 5-3 

Clustered Column With Standardised Scores of the 2-Group Model of Children’s Capabilities Across Six Indicators 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Four of the five indicators represented by z-

scores, The x-axis was set at zero such that scores above zero approximate group meant that are above the sample average, and 

below zero represented scores below the sample average; For executive function (count range 0-16), bars represented group 

median scores charted relative to the grand median (sample median = 13). 

5.3.1.1.2 3-Group Model. 

Fit statistics for the 3-group model in Table 5-3 showed a smaller rate of change in 

SABIC(3-group vs. 2-group)= 650.05, entropy = .64, with average posterior probabilities ranging 

from 0.81 to 0.84, and LMR and BLRT with significant p-values. Based on the rule-of-

thumb of the criteria mentioned above, fit statistics for the 3-group model showed a 

good fit of the data. 

 Overall, 45.8% of young children were identified in Profile 1 in Figure 5-4. 

Compared to the other two profiles, young children’s characteristics in Profile 1 scored 

highest in indicators of capabilities (above the means): factor scores’ means of prosocial 
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behaviours, emotional knowledge, expressive language, receptive language, above the 

median score of executive function, and lowest in emotional symptoms. Whereas 9.1% 

of young children in Profile 2 showed the lowest scores in indicators of capabilities 

(below the means): prosocial behaviours, emotional knowledge, expressive language, 

receptive language, below the median of executive function, and highest in emotional 

symptoms. Profile 3 identified 45.1% of young children. Compared to Profile 1 and 

Profile 2, young children’s capabilities in Profile 3 scores were close to the 

means/median, indicating means scores in prosocial behaviours, emotional knowledge, 

expressive language, receptive language, and median score of executive function were 

lower than Profile 1 but higher than that of Profile 2, and children in this profile score 

higher in emotional symptoms than Profile 1 but lower than that of Profile 2. Overall, 

these profiles represented groups of children who were below, at and above the mean 

on measured capabilities relative to their peers. Extraction of the smaller group refined 

the group characterised by below-average achievement in the 2-group model. 
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Figure 5-4  

Clustered Column With Standardised Scores of the 3-Group Model Across Six Indicators 

 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 

5.3.1.1.3 4-Group Model. 

Fit statistics for the 4‐group model in Table 5‐3 showed the largest rate of change 

in SABIC(4‐group vs. 3‐group)=297.72, entropy = .71, with average posterior probabilities ranging 

from 0.64 to 0.90, and LMR and BLRT with significant p‐values. Based on the rule‐of‐

thumb of the criteria mentioned above, fit statistics for the 4‐group model showed a 

good fit of the data. As noted in 8.8 Appendix 8, profile membership transitions from 

3‐group and 4‐group models, 45.8% of the total samples (5707) in Profile 1 (the largest 

group in the 3‐group model) were split into Profile 4 and Profile 3 in the 4‐group 

model. 7.7% of the total samples in Profile 2 of the 3‐group model remained in Profile 1 
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split into Profile 3, Profile 2, and Profile 4 (from largest to smallest percentage) in the 4‐

group model.  

 As Figure 5‐5 4‐group model noted, 10.7% of children were identified in Profile 1. 

Compared to children in other profiles, children in this profile were characterised by the 

lowest scores in prosocial behaviours, emotional knowledge, expressive language, 

receptive language, and executive function. Moreover, they had the highest scores in 

emotional symptoms. Profile 2 identified 12.6% of children as being characterised by the 

second‐lowest scores in prosocial behaviours, emotional knowledge, expressive 

language, and receptive language, but with the highest executive function and second‐

highest scores in emotional symptoms. Strengths within domains included executive 

function, with emotional symptoms and receptive language as relative areas of need. In 

Profile 3, scores of 31.6% of children’s characteristics, including prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive language, and receptive 

language, were characterised as close to the mean but with the second lowest 

executive function. Children in Profile 3 had relative strength in receptive language and 

relative needs in prosocial behaviours, emotional knowledge, and expressive language. 

Profile 4, the largest group with 45.1% identified in this group, showed that children had 

the highest prosocial behaviours, emotional knowledge, expressive language, and 

receptive language, the lowest emotional symptoms, and the second highest executive 

function. 
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Figure 5-5  

Clustered Column With Standardised Scores of the 4-Group Model Across Six Indicators 

  

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 

5.3.1.1.4 5-Group Model. 

Fit statistics for the 5-group model in Table 5-3 showed a small rate of change in 
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mainly driven by executive function and emotional symptoms, scores of these 

capabilities do not differ significantly.  

Under the 5-group model in Figure 5-6, Profile 1 identified 12.5% of children with 

the second lowest prosocial behaviours, emotional knowledge, expressive language, 

receptive knowledge, second highest executive function, and second highest emotional 

symptoms. In Profile 2, 38.1% of children were identified as having the highest prosocial 

behaviours, emotional knowledge, expressive language, receptive language, and 

executive function, but the lowest emotional symptoms. 8.4% of children were 

recognised in Profile 3 as having the lowest prosocial behaviours, emotional 

knowledge, expressive language, receptive knowledge, executive function, and the 

most significant emotional symptoms. The sizes of Profile 4 (20.4%) and Profile 5 (20.6%) 

were close but had different patterns. Differences in the patterns of  Profile 4 and 

Profile 5 scores of children’s capabilities were that children in Profile 4 had scores below 

the means of prosocial behaviours, emotional knowledge, expressive language, and 

receptive language, whereas scores of these capabilities in Profile 5 were above the 

means. Additionally, children in Profile 4 presented emotional symptoms above the 

mean and lower executive function than children in Profile 5.  
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Figure 5-6  

Clustered Column With Standardised Scores of the 5-Group Model Across Six Indicators 

 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 

5.3.1.1.5 6-Group Model. 

Fit statistics for the 6-group model in Table 5-3 showed a small rate of change in 
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the highest emotional symptoms, close to the mean prosocial behaviours and the 

second lowest expressive language. Profile 1 identified 8.6% of children with the lowest 

prosocial behaviours, expressive and receptive language, second lowest executive 

function, second highest emotional symptoms, and close to the mean emotional 

knowledge. Noticeably, Profiles 1 and 2 shared similar patterns but did not display 

significant distinctions, with Profile 1 displaying lower executive function. 20.9% of 

children were recognised in Profile 3 as having prosocial behaviours, emotional 

knowledge, expressive language, receptive knowledge, executive function, and 

emotional symptoms close to the means. The similarities between Profile 4 (37.1%) and 

Profile 5 (13.7%) were that prosocial behaviours and expressive language were above 

the means, and emotional symptoms were below the means. Children in Profile 4 

scored highest in emotional knowledge, receptive language, and executive function, 

while these characteristics in Profile 5 were below the means.  
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Figure 5-7  

Clustered Column With Standardised Scores of the 6-Group Model Across Six Indicators 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 
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fixing parameters occurring from 4- to 6-group models, it is considered that the 3-

group model was highly defensible. Compared to unconditional LPA models, models 

with variance freed were not considered a better fit for the data.   

Model fit for variance-freed unconditional LPA models with the number of profiles 

estimated based on changes in SABIC was presented in Figure 5-8. Similar to the 

variances-constrained unconditional LPA models, changes in SABIC in variance-freed 

unconditional LPA models continued to decrease as additional profiles were added 

after extracting the 3-group model. The rate of change in SABIC values was also slowed 

and not significant after the 3-group model. Additionally, the ‘elbow’ in the plot 

indicated that further increases in model complexity (i.e., more group solutions) did not 

yield the same decrease in SABIC.  

Figure 5-8  

The Plot of Sample-Size Adjusted Bayesian Information Criterion (SABIC) From Unconditional Latent Profile Models With Variances 

Freed of Children’s Capabilities in the GUiNZs 54-Month Dataset 

 

Note. count scores of the executive function in the LPA above were reversed, i.e., the number of correct responses vs. the number 

of errors were reversed. 
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Table 5-4  

Fit Statistics and Group Proportions for 1- to 6-Group Models With Variances Freed of Children’s Capabilities at 54-Month 

Assessment (n =5707) 

Fit statistics G1 G2 G3 G4 G5 G6 

Log-Likelihood value -39143.550 -37462.947 -36917.611 -36567.660 -36463.063 -36393.357 

No. estimated parameters 12 25 38 51† 64†† 77††† 

Information criteria       

SABIC 78352.761 75062.689 74043.149 73414.378 73276.319 73208.039 

 

Entropy 

 

1.00 

 

.702 

 

.689 

 

.710 

 

.653 

 

.668 

 

Av. Posterior Probabilities range 
1.00 0.87-0.93 0.79-0.90 0.75-0.89 0.72-0.81 0.62-0.81 

Relative model fit (k – 1)       

LMR - 
3331.58, 

p < .001 

1081.058, 

p < .001 

694.843, 

p = .004 

207.594,  

p = .025 

138.347,  

p = .188 

BLRT - p < .001 p < .001 p < .001 p < .001 p < .001 

Profile membership (most likely)       

G1 5707 (100.0%) 1585 (27.8%) 1017 (17.8%) 914 (16.0%) 1035 (18.1%) 468 (8.2%) 

G2 - 4122 (72.2%) 1987 (34.8%) 2367 (41.5%) 532 (9.3%) 516 (9.0%) 

G3 - - 2703 (47.4%) 1857 (32.5%) 824 (14.4%) 451 (7.9%) 

G4 - - - 569 (10.0%) 1854 (32.5%) 1762 (30.9%) 

G5 - - - - 1462 (25.6%) 1018 (17.8%) 

G6 - - - - - 1492 (26.1%) 

Note. Groups represented profiles among children in the Growing Up in New Zealand Study from Latent Profile Analyses (variances 

freely estimated between groups) for 1‐6 group solutions. LPA = latent profile analysis; SABIC = Sample‐size Adjusted BIC; LMR = 

Lo‐Mendell Rubin; BLRT = bootstrap likelihood ratio test; the LMR test and the BLRT compared the current model to a model with 

k − 1 profiles; the LPA model allowed unequal indicator variances across groups; † dispersion parameter for Luria clap task estimate 

was constrained to zero in model G4 profile 1 (group with the highest indicator mean = 2.490, p< .001, with dispersion fixed at 

0.000) and profile 4 (group with the Luria indicator mean = 0.291, p= .001, with dispersion fixed at 0.000) to support estimation – 

G4 profile 1 parameter did not significantly vary from zero in the proceeding G3 profile‐varying variance structure model for group 

G3 profile 1, from which the majority of G4 profile 1 group members were derived i.e., G4 profile 1 indicator mean = 2.490, p< .001 

and dispersion = 0.000, p< .001; †† dispersion parameter for Luria hand clap task estimate was constrained to zero in group G5 

profile 2 (group with the highest indicator mean = 2.504, p< .001, with dispersion fixed at 0.000) and profile 3 (group with the 2nd 

highest indicator mean = 2.492, p< .001, with dispersion fixed at 0.000) to support estimation, with these groups largely 

representing a split of individuals from the G4 profile 2 and profile 3, in which this parameter significantly differed from zero i.e., G4 

profile 2 Luria task indicator mean = 1.360, p< .001 and dispersion = 1.024, p< .001 and G4 profile 3 indicator mean = 1.367, 

p< .001 and dispersion = 1.128, p< .001; ††† dispersion parameters for Luria hand clap task scores were constrained to zero in 

groups G6 profile 1, G6 profile 2 and G6 profile 3.  
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5.3.1.2.1 2-Group Model. 

Fit statistics for the 2‐group model in Table 5‐4 showed the largest rate of change 

in SABIC(2‐group vs. 1‐group)=3290.07, entropy = .70, with average posterior probabilities 

ranging from 0.87to 0.93, and LMR and BLRT with significant p‐values. Based on the 

rule‐of‐thumb of the criteria mentioned above, fit statistics for the 2‐group model 

showed a good fit of the data. 

As observed in Figure 5‐9, 7.8% of young children in Profile 1 and 72.2 % in Profile 2 

were identified in the 2‐group model. Children in Profile 1 scored lowest in indicators 

of strengths‐based capabilities (below the mean): mean scores of prosocial behaviours, 

emotional knowledge, expressive language, receptive language, executive function, and 

highest in emotional symptoms. Whereas 72.2% of young children in Profile 2 show the 

highest scores in indicators of strengths‐based capabilities (above the mean): mean 

scores of prosocial behaviours, emotional knowledge, expressive language, receptive 

language, executive function, and lowest in emotional symptoms. 
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Figure 5-9  

Clustered Column With Standardised Scores of the 2-Group Model With Variances Freed Across Six Indicators 

 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 

5.3.1.2.2 3-Group Model. 

Fit statistics for the 3‐group model in Table 5‐4 showed a smaller rate of change in 

SABIC(3‐group vs. 2‐group)=1019.54, entropy = .69, with average posterior probabilities ranging 

from 0.79 to 0.90, and LMR and BLRT with significant p‐values. Based on the rule‐of‐

thumb of the criteria mentioned above, fit statistics for the 2‐group model showed a 

good fit of the data. 

In the 3‐group model with variances freed, 17.8% of young children were identified 

in Profile 1 in Figure 5‐10. Compared to the other two profiles, young children’s 

capabilities in Profile 1 scored the lowest (below the means) in indicators of prosocial 

behaviours, emotional knowledge, expressive language, and receptive language, below 

the median scores of executive function, and highest emotional symptoms. 34.8% of 
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young children in Profile 2 showed the highest scores (above the means) in indicators 

of prosocial behaviours, emotional knowledge, expressive language, and receptive 

language, close to median scores of executive function, and lowest in emotional 

symptoms. Profile 3 identified 47.4% of young children. Compared to Profile 1 and 

Profile 2, young children’s capabilities in Profile 3 scores were close to the 

means/median, indicating means scores of prosocial behaviours, emotional knowledge, 

expressive language, and receptive language were lower than Profile 2 but higher than 

those of Profile 1. Median scores of executive function in Profiles 2 and 3 were similar. 

Children in Profile 3 scored higher in emotional symptoms than Profile 2 but lower than 

those in Profile 1. 

Figure 5-10  

Clustered Column With Standardised Scores of the 3-Group Model With Variances Freed Across Six Indicators 

 

Note. The figure showed the mean of the five‐factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 
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5.3.1.2.3 4-Group Model. 

Fit statistics for the 4‐group model in Table 5‐4 showed the largest rate of change 

in SABIC(4‐group vs. 3‐group)= 628.778, entropy = .71, with average posterior probabilities 

ranging from 0.75 to 0.89, and LMR and BLRT with significant p‐values. Based on the 

rule‐of‐thumb of the criteria mentioned above, the fit statistics indicated that the 2‐

group model provided a good fit of the data. However, the 4‐group model with 

variances freed may not converge well with the data from multiple measures associated 

with fixing error parameters presented in Table 5‐4. Error parameters were also 

observed in estimating the 5‐group and 6‐group variances‐constrained models, which 

required constraints on estimating the dispersion parameter associated with the Luria 

Hand Clap Task. Thus, these models were not considered further. 

As Figure 5‐11 noted, 16.0% of children were identified in Profile 1. Compared to 

children in other profiles, children in this profile were characterised by the lowest scores 

in prosocial behaviours, emotional knowledge, expressive language, receptive 

language, and executive function and the highest scores in emotional symptoms. All 

the above capabilities were the key focus of this profile, and children in this group may 

need support across these areas of development. Profile 2 identified 41.5% of children 

as being characterised by the second‐lowest scores in prosocial behaviours. Still, 

children’s emotional knowledge, expressive language, and receptive language scores 

were close to the mean. Children in Profile 2 had the second‐highest scores in 

executive function and emotional symptoms, identified as relative areas of need. In 
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Profile 3, 32.5% of children’s capabilities were characterised as emotional knowledge, 

expressive language, and receptive language above the mean, with prosocial 

behaviours below the mean and executive function below the median and the lowest in 

emotional symptoms. Children in Profile 3 may have relative needs to support their 

emotional symptoms. Profile 4, the smallest group with 10% identified in this group, 

showed that children had the highest scores in prosocial behaviours, emotional 

knowledge, expressive language, receptive language, and executive function, with the 

lowest emotional symptoms. 

Figure 5-11  

Clustered Column with Standardised Scores of the 4-Group Model With Variances Freed Across Six Indicators 

 

Note. The figure showed the mean of the five‐factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 
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5.3.2 Optimal Solution 

Figures 5‐3 to 5‐7 presented emerging profiles in the 2‐ to 6‐group model using 

variances‐constrained unconditional LPA. Figures 5‐9 to 5‐11 presented emerging 

profiles in the 2‐ to 4‐group model using variance‐freed unconditional LPA. 

Consistencies were observed in the models generated in both ways. In references to 

Tables 5‐3 and 5‐4, model fit indices using information criteria and group sizes, and 

theoretical justifications were assessed for the optimal solution. Groups generated in 

the unconditional LPA models with variances unconstrained were similar to the 

unconditional LPA models with variances fully constrained. Due to the model 

converging issues in the parameters of executive function, variances‐unconstrained 

models were not considered in the optimal solution. Overall, in the variances‐

constrained unconditional LPA, the rate of changes in SABIC slowed after the 3‐group 

model, entropy values for all models were medium to high, and LMR and BLRT showed 

significant p‐values. Separate evaluations for each model were conducted with the 

conceptual considerations. 

Differences in the unconditional LPA models with variances fully constrained were 

observed. The 2‐group model children emerged with above and below the means of 

indicators, except for high or low median executive function scores. However, this 

model may not adequately represent the groups, as it may not capture the 

heterogeneity of children’s capabilities. In contrast, the 3‐group model grouped 

children into three profiles reflecting overall differences in children’s capabilities (i.e., 
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above, below, and close to the mean), which is broadly consistent with a previous study 

by Denham et al. (2012). The 4‐group model indicated a significant difference between 

the 3‐group model and the 4‐group model in executive function. There was evidence 

for a sub‐population in the variance‐constrained 4‐group model, with relative strength 

in executive function among a group (12%), who were otherwise performing more 

poorly relative to peers on other indices. However, this model was not supported in the 

variance‐unconstrained model. In the 5‐group model, the emerging group reflected a 

split of Profile 3 and Profile 4 from the 4‐group models—both characterised by 

strengths across all areas of development—into a single large group representing 20.6% 

of the sample. This group did not distinguish significantly, with Profile 2 representing 

children displaying higher scores on executive function. The 6‐group model presented 

distinct patterns of children’s capabilities, but the distinction may not provide additional 

meaningful information to inform decision‐making. The group sizes of the smallest 

groups comprising 7.0%‐ 10.7 % of the sample in 3‐ through 6‐group models did not 

differ significantly. Thus, based on the above considerations that include fit indices and 

conceptualisation of children’s capabilities, particularly the 2‐, 4‐ through 6‐group 

models were seen to add little substantive information to the models, the 3‐group 

model was chosen as the more parsimonious representation of the data that 

represented genuine heterogeneity within the population, as illustrated in Figure 5‐4 

and shown again below as Figure 5‐12. In addition to being statistically and 

conceptually defensible, the 3‐group model was consistent with the hypothesis for the 
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current work based on prior literature (Collie et al., 2019; McLaughlin et al., 2024; 

Russell et al., 2022). 

Figure 5-12  

Clustered Column With Standardised Scores of the 3-Group Model Across Six Indicators 

 

Note. The figure showed the mean of the five-factor scores (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, and receptive language) and the executive function count scores. Scores above zero represented scores 

higher than the average, and scores below zero represented scores lower than the sample average. Executive function was charted 

as median count scores relative to grand median count scores (13). 

The description of the 3‐group model was presented by sub‐group number or 

profile number. Each sub‐group represented a distinct latent profile of children’s 

development capabilities associated with a percentage of the sample population. It is 

important to note that the extent to which each profile was a good fit for any given 

pattern of capabilities can be examined through the posterior probabilities generated 

for each case. Average posterior probability scores ranged from 0.81 to 0.84, which 

suggested that assigned group membership matched the measured capabilities, while 

remembering that each child still had their unique profile of scores.  

-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

Prosocial

Behaviour

Emotional

Symptoms

Emotional

Knowledge

Expressive

Language

Receptive

Language

M
ea

n
 v

al
u

es
 o

f 
th

e 
fa

co
to

r 
sc

o
re

s

Indicators

3- Group Model

Profile 1  (45.8%) Profile 2 (9.1%) Profile 3 (45.1%) 0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Executive 

Function



209 

 

Labelling latent subgroups has been commonly used to characterise the most 

salient features of the profile efficiently. Here, I labelled the three profiles in the 3‐

group model as Emerging (profile 2), Progressing (profile 3), and Competent (profile 1) 

capabilities. These labels have been chosen because they correspond with the 

descriptions and expectations associated with children’s capabilities outlined in Te 

Whāriki (Ministry of Education, 2017). In the Emerging profile, children showed the 

lowest prosocial behaviours, emotional knowledge, expressive language, receptive 

language, and executive function, and the highest emotional symptoms. In the 

Progressing profile, children showed close to average prosocial behaviours, emotional 

knowledge, expressive language, and receptive language, with executive function 

higher than children in the Emerging profile but lower than that of the Competent 

profile. Children in this profile scored higher in emotional symptoms than children in 

the Competent profile but lower than those in the Emerging profile. In the Competent 

profile, children showed the highest prosocial behaviours, emotional knowledge, 

expressive language, receptive language and executive function, and the lowest 

emotional symptoms.  

5.4 Discussion 

The first phase of the research aimed to understand patterns of young children’s 

social, emotional, language and executive function capabilities in the New Zealand 

context using 54-month datasets from the GUiNZs. A person-centred approach 

through latent profile analysis supported the holistic view of children’s capabilities. 
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Based on examining the optimal solution, children in the Competent profile showed 

significant strengths from same-aged peers in several domains assessed. While the 

group of children in the Progressing profile was close to the average, it is important to 

note that some children within this group still showed lower levels in specific domains. 

Other profile memberships suggested some children may require additional support in 

specific domains, such as receptive language and executive function capabilities, based 

on their unique profiles of capabilities. The Emerging profile characterised 9.1% of the 

5707 young children in the sample by displaying prosocial behaviours, emotional 

knowledge, and expressive and receptive language below the sample mean, with 

emotional symptoms higher than the sample mean and the lowest executive function. 

This suggests a small proportion of children may benefit from additional support across 

areas of development to enhance their emerging capabilities.   

Given that most previous studies predominantly adopted a variable-centred 

approach to assessing young children’s characteristics in New Zealand contexts, the 

current study considered the characteristics from a person-centred approach and 

identified overall differences across the six capabilities of preschool-aged children. 

Specifically, all capabilities showed an overall trend in patterns of association across the 

profiles. The current research suggests that the nature of these capabilities may 

represent general capabilities as a whole. The results were similar to but not precisely 

the same as the 3-profile model of young children’s social-emotional learning in the 

previous research (Denham et al., 2012).  
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Importantly, the current research focuses on a comprehensive set of young 

children’s strengths-based capabilities (prosocial behaviours, emotional symptoms, 

emotional knowledge, expressive language, receptive language, and executive 

function), which can be used for the extraction of empirically reliable profiles of young 

children’s capabilities. Consistent with the study by McLaughlin et al. (2024), the 

research supports a positive view of children’s development while considering multiple 

capabilities through a holistic lens. This also aligned with the strengths-based and 

holistic perspectives in Te Whāriki, which underscores the importance of delineating 

strengths-based capabilities at the preschool stage.  

5.5 Implications 

A key strength of characterising young children’s capabilities is to guide early 

childhood practices and intervention programmes. Children in the Competent profile 

showed positive development across the six capabilities. Interventions and programmes 

for children in the Progressing profile may benefit from boosting these strengths-based 

capabilities and additional strategies to minimise the impact of emotional symptoms in 

their development. In contrast, children in the Emerging profile would likely benefit 

from practices and intervention programmes that focus on all capabilities included in 

the study (prosocial behaviours, emotional symptoms, emotional knowledge, expressive 

and receptive language, and executive function). Strategies need to focus on building 

strengths-based capabilities and reducing emotional symptoms. Each profile has been 

described in scores across and within profiles to understand each profile’s comparative 
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and relative strengths and needs. It is also possible, and potentially helpful, to consider 

how these profiles provide implications for support in early childhood practices. 

The current research reflects the strengths-based, holistic view of development in 

Te Whāriki, where knowledge associated with young children’s social, emotional, 

language and executive functions is woven through all strands of Te Whāriki. The 

interconnectedness of these domains from a holistic lens helps develop an 

understanding of each child. Rather than focusing on problems or deficits in single 

domains of development, this research highlights children’s capabilities, clustered 

together in the current research. Results have indicated that children display an overall 

trend in capabilities, meaning that the child may be more or less capable across areas 

of development (prosocial behaviour, emotional knowledge, expressive and receptive 

language, and executive function). This finding is consistent with the view that variation 

in children’s capabilities is expected and that each child is on their own learning 

trajectory. Instead of focusing on a single domain of child development, this research 

examined six domains of capabilities holistically. This may also guide the teaching 

practice of a comprehensive early childhood curriculum and help shape a rich learning 

environment that nurtures children‘s capabilities across all domains (McLachlan, 2018; 

Ministry of Education, 2017).  

Implications for education services based on the 3-group model can be considered 

within the evidence-informed, multi-tiered approach outlined in Te Tūāpapa o He 

Pikorua (Ministry of Education, 2020). The information about children’s strengths, 
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needs, and progress supports collaborative decision-making within the multi-tiered 

approach. The 3-tiered support framework increases in intensity to support inclusive 

learning opportunities for all children, depending on the needs and the context. The 

model is dynamic and integrated from the universal (Tier 1), targeted (Tier 2) and 

individualised (Tier 3). Tier 1 involves universal interventions and supports, with the 

notion of the needs of all children. Tier 2 represents targeted support for those who 

may need extra support (a child who needs support in receptive language and 

executive function). Tier 3 provides additional support for children with unique needs. 

Overall, the approach sees practices and systems as a continuum based on assessing 

the needs of children and identifying systemic patterns.  

Current tailored intervention programmes provided by the Ministry of Education 

focus on single targeted domains. For example, the Incredible Years programme as part 

of Positive Behaviour for Learning (PB4L), is designed to reduce challenging behaviours 

and increase the social and behavioural skills of children aged 3-8. The ENGAGE 

programme focuses on self-regulation/self-control skills for children aged 3 to 5. The 

OLLi programme mainly focuses on 3- and 4-year-old children’s expressive language 

and literacy. These programmes tend to be offered to all children, with the OLLi 

offering tiered services to children with tailored language support. Given the current 

findings, these selective programmes may be most appropriate for children in the 

Progressing and Emerging profiles. Moreover, resources and supports that enable 

educators to recognise and make connections across domains of learning and 
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development may strengthen their ability to support children’s interconnected and 

holistic learning and development.  

5.6 Limitations and Future Directions 

Findings are not without limitations. First, although this current work has centred on 

identifying young children’s strengths-based characteristics (prosocial behaviour, 

emotional knowledge, expressive and receptive language, executive function) with 

minimal emphasis on their difficulties, it is important to acknowledge that behavioural 

difficulties (conduct problems, peer problems, etc.) do have an impact on children’s 

engagement and learning in early childhood education and school. The investigation of 

these areas is an important part of supporting children’s learning now and in the future, 

but was outside the scope of the present research. In addition, the research only looked 

at 54-month-old children’s characteristics. The research did not examine whether and 

how patterns of young children’s characteristics change as they enter early childhood 

settings and progress through school. Moreover, the implications for future academic 

success are not known, nor should they be inferred from profiles presented in the 

current research.       

Second, issues are drawn from measures. First, the measures used in the current 

research were from parent-reported and direct observations, while there were no 

teacher-reported measures within the early childhood settings. It is essential to explore 

how patterns of young children’s characteristics identified in the research compare with 

those derived from other informants’ reports, such as teachers. Limitations of parent-
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reported measures may involve biased views of child development and parents’ limited 

knowledge of the characteristics measured. Limitations of child observation tasks, 

including the Affect Knowledge Test (AKT) and Hand Clap Task, may include limited 

relevance of tasks and activities that can impact a child’s performance. Second, the 

current research could not validate the raw scores of PPVT-III due to limited data 

access. The PPVT-III has been validated only for receptive vocabulary in English; it does 

not assess children’s bilingual or multilingual abilities. This suggested that children who 

are English as second-language learners, may be impacted on their performance on 

this English vocabulary assessment. Additionally, the current research could not validate 

the Hand Clap Task observation because its scoring relies on count variables.  

Third, there are limitations of sample size and the ability to detect low-frequency 

profiles. As noted in past studies (Collie et al., 2019; McLaughlin et al., 2024; Russell et 

al., 2022), large proportions of samples may represent homogeneous populations, with 

relatively small proportions displaying distinctive patterns of association on indicators 

of development. For instance, the 4-group model for young children’s social and 

emotional behaviours observed in the larger Australian study by Collie et al. (2019) 

displayed population homogeneity, but with small proportions of the population 

displaying distinct profiles. In the current research, the three groups are not truly 

distinct in terms of patterns within and across the profiles. Only 3 profiles were 

extracted in the current research—Emerging, Progressing and Competent capabilities 

profiles within a relatively homogeneous population. Moving forward, it would be 
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beneficial to expand the sample sizes, as larger samples may enable the detection and 

extraction of lower frequency profiles with a more distinct pattern of development.  

Fourth, the replicability and interpretability of the findings are limited in terms of 

sample, time, place, and analytical method. This study only looked at children aged 54 

months in the GUiNZs dataset, and the sample represents children born in the 

Auckland, Manukau, and Waikato District Health Boards in 2009-2010. Children today 

may display different patterns of characteristics in other samples, and children who 

participated in the GUiNZs may display different patterns of capabilities at different 

ages. Additionally, critiques have been raised concerning the person-centred analysis 

technique's replicability and interpretability due to its exploratory, data-driven nature. 

Specifically, the results generated in the current research may not be replicable in other 

samples, as the study is based on a cohort broadly representative of New Zealand 

children born between 2009 and 2010. Researchers determine the class enumeration 

and optimal solution based on fit indices and theoretical considerations. However, it is 

possible that different researchers, or those from other disciplines, might choose and 

report on models with 4- to 6-group or interpret the patterns of young children’s 

characteristics differently. Hence, caution is needed when generalising the results 

beyond the population examined in the research and this specific research purpose. 

Although this model has strengths in the examination of the invariance of individual 

indicators of development across children’s gender and ethnicity, a notable limitation 
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relates to the invariance of the model as a whole across these observed groups. This 

issue is explored in greater depth in later chapters.    

5.7 Conclusion 

Based on a combination of statistical and theoretical considerations, the first phase 

of the thesis has chosen a 3-group model of young children’s capabilities (prosocial 

behaviours, emotional symptoms, emotional knowledge, expressive language, receptive 

language, and executive function) in the GUiNZs 54-month dataset. These findings are 

informative for early childhood education practice and policy in the New Zealand 

context. Noticeably, caution is needed when generalising beyond the population 

examined in the study regarding the replicability of the person-centred analysis 

techniques to other samples or the similarities and differences between diverse groups 

in the cohort. Thus, the second phase of the thesis was to check the measurement 

invariance (MI) at the person-centred model level across the child’s gender and ethnic 

groups. Prior to that, the MI of the selected measures was assessed across the child’s 

gender and ethnicity. This was to ensure the examination of comparability on the 

person-centred model across the diverse groups (i.e., gender and ethnicity). The 

methods and results for the second phase are presented in Chapter 6.  
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Chapter 6 Phase 2: Methods and Findings 

The purpose of the present chapter is to address the second phase of my research, 

which focused on exploring the Differential Item Functioning (DIF) effects of the six 

profile factors across the child’s gender (i.e., boys and girls) and ethnicity (i.e., 

European, Māori, Pacific Peoples, Asian, Other) in the person-centred model. This is 

important to better understand the nature of the 3-group model generated in Phase 1 

and factors that may compromise its validity/generalisability, such as child gender and 

ethnicity. Recognising and addressing potential biases introduced by these factors is 

essential to ensure measurement quality and fairness in interpreting the results.  

To prepare for Phase 2, I first explored the potential biases by assessing the MI of 

each measure used as an indicator of young children’s social, emotional, language and 

executive function in the current research by the child’s gender and ethnicity group. As 

preparatory background work for the Phase 2 analysis, these analyses are presented in 

Appendices 3 through 7. For the primary analyses of Phase 2, the child’s gender and 

ethnicity were included in this chapter as covariates of the 3-group model and its six 

profile factors, to assess and model the DIF effects on latent profile factors through 

Multiple Indicators and Multiple Causes (MIMIC) modelling.  

DIF, a form of measurement non-invariance (MNI), addressed with an item 

response theory (IRT) framework, is a statistical method that detects item bias, 

compares respondent groups at the item level and identifies non-invariant items while 

accounting for differences in the latent construct of interest (Dorans & Holland, 1993; 
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Wallin et al., 2024). DIF arises when an item measures more than one latent construct 

across different observed groups. For example, an item demonstrates DIF if it functions 

differently for participants in two or more observed subgroups. This introduces 

construct-irrelevant variance into item scores, which is attributable to group 

membership rather than the intended construct (Nugent, 2017). There are several 

approaches to evaluate covariates as potential sources of DIF within the latent variable 

modelling. Among these, MIMIC modelling has been the most commonly employed 

approach, as it offers greater flexibility in accommodating various types of variables as 

potential sources of DIF than other methods (Bettencourt et al., 2022). Therefore, the 

current thesis chose the MIMIC modelling technique to analyse the DIF effects from 

covariates to the latent profile factors. 

The MIMIC modelling represents a novel stepwise approach for the DIF effects 

from covariates on both a latent variable and its indicators (Finch, 2005). Models tested 

in the MIMIC modelling framework include a measurement model, which assesses the 

relationship between a latent variable and its indicators, and a structural model, which 

examines the direct effect of a covariate (e.g., gender) that compromises the group 

membership on factor means and indicators (Tsaousis et al., 2020). These effects can be 

understood through two distinct types of DIFs: uniform and nonuniform DIFs. Uniform 

DIF occurs when the probability of responding correctly to an item is consistently 

higher for the reference group across all levels of ability, meaning the item is related to 

the group membership at every level of the latent trait (Finch, 2005; Tsaousis et al., 
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2020). In contrast, nonuniform DIF occurs when items discriminate differently across 

groups. It is important to detect DIF to ensure the assessments are fair and unbiased.  

This chapter includes a more detailed description of the methods, describing the 

findings, and brief discussions of Phase 2 implications and limitations. The chapter 

starts with a summary of MI in available measures at the construct level across the 

child’s gender and ethnicity, before moving into a detailed assessment of the DIF 

effects in the latent profile indicators within the LPA model. In addition to assessing the 

MI of indicators in the context of the latent model of child development, the 

assessment of DIF effects in the latent profile indicators allows for the examination of 

MI of the indicators that could not be evaluated at the construct level, specifically,  

receptive language measured by PPVT-III and executive function assessed by the Luria 

Hand Clap task in the current research.  

6.1 Summary of MI in Available Measures Across the Child’s Gender and Ethnic Groups 

As discussed in Chapter 4, MI at the construct level was tested for three of the 

available measures used as indicators of young children’s social, emotional and 

language capabilities in the current research. Appendices 3-5 provide detailed results 

of MI tests using MG-CFA, where applicable (i.e., prosocial behaviours and emotional 

symptoms in the SDQ, AKT, and PROL), across the child’s gender and ethnicity. 

Appendices 6 and 7 presented reports for PPVT-III and Luria Hand Clap tasks, for 

which MI could not be assessed at the construct level. Each appendix included 

introductions of the measurement, the purposes of the assessment of each measure in 
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current research, descriptions of the methods, and detailed results and conclusions. 

Results of the MI tests of the available measures have supported the evaluation of MI in 

the person-centred model by validating the constructs of each measure and providing 

an initial assessment of potential sources of MI in the mixture model. 

Results showed that across the child’s gender groups, partial MI of the prosocial 

behaviours and emotional symptoms factors of the SDQ (Appendix 3), full invariance of 

a one-factor model of the AKT (specifying a single factor model with an error 

covariance between children’s responses to the ‘AKT7’ yucky/disgusted face and ‘AKT6’ 

scared face, and between the ‘AKT6’ scared face and ‘AKT3’ surprised face: Appendix 4), 

and full invariance of the PROL (Appendix 5) were established. Across ethnicity, partial 

MI was established for the prosocial behaviours and emotional symptoms factors of the 

SDQ, the one-factor model of the AKT, and the PROL. Partial or full MI indicated that 

these measures displayed reasonable consistency in measuring constructs across the 

child’s gender and ethnic groups. However, the restrictive nature of MG-CFA may be 

overly sensitive to trivial non-invariance, potentially identifying insignificant differences 

as meaningful (Khademi et al., 2023). This may unnecessarily complicate the 

interpretation of results. Additionally, due to the restricted availability of the PPVT-III 

and the count data based nature of the Luria Hand Clap, it was not feasible to employ 

MG-CFA to assess MI for these two indicators. To supplement these findings, MI of the 

broader 3-group model was appropriately assessed across the child’s gender and 

ethnic groups. This remained viable even with partial invariance identified, as further 
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elaborated in the subsequent sections. 

6.2 Testing MI of the Person-Centred Model Across the Child’s Gender and Ethnic 

Groups 

Testing MI of the latent group solutions across observed groups is required when 

the research aims to determine whether these observed groups exhibit the same set of 

latent group solutions (Collins & Lanza, 2010; Finch, 2015). Once MI at the model level 

was established, the generated latent group solutions were understood equivalently 

across the observed groups. As such, researchers can be justified in making 

generalisations and comparisons across the groups in terms of the patterns and 

interpretation of the latent group solutions (Olivera-Aguilar & Rikoon, 2018). 

Compared to assessing MI for the measures, evaluating it in the person-centred model 

offers distinct advantages. It allows the identification of potential impacts of MI on the 

overall conclusions drawn from the model. Additionally, it enables the assessment of MI 

in cases where individual indicators could not be examined for the measures within the 

current research (i.e., PPVT-III, Luria Hand Clap task). This approach provides a broader, 

more flexible framework for ensuring valid and reliable comparisons across observed 

groups.  

Aligning with the literature on the comparability of the person-centred model in 

Chapter 3, ways of examining MI in the person-centred model across observed 

subgroups vary. Similarly to the approach to assess MI at the construct level, 

researchers may adopt a multi-group approach to the evaluation of MI in latent profile 
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models, assessing whether performance on the indicators (e.g. means of the latent 

profiles) is equivalent across groups (Collins & Lanza, 2010; Morin et al., 2016; Olivera-

Aguilar & Rikoon, 2018). This approach is particularly applicable where the source of 

invariance may be considered categorical. Furthermore, while MG-CFA models are 

constrained to the use of observed categorical sources of MI and require a sufficient 

sample size in each subgroup, the DIF approach through MIMIC modelling has 

frequently been used as an alternative method for testing MI, relaxing such limitations. 

The application of the DIF tests, such as the use of MIMIC modelling, includes 

covariates as predictors of the latent profile factor, providing insights into potential 

sources of MI (Masyn, 2017). Each of these approaches is described in more detail.   

One of the approaches to examining MI in the person-centred model is the 

multiple-group approach (Collins & Lanza, 2010; Morin et al., 2016; Olivera-Aguilar & 

Rikoon, 2018). Collins and Lanza (2010) recommended estimating a separate model for 

each group as the simplest way to conduct a multiple-group analysis. Morin et al. 

(2016) proposed a three-step process for comparing group similarities and differences 

in latent profile analysis (LPA). This involves first ensuring the identical number of latent 

profiles in each group, then testing the means and variances of continuous profile 

indicators within a specific profile, and finally confirming the consistency of latent 

profiles across groups. However, most studies using the multiple-group approach focus 

on adult participants in U.S. contexts and deficit-based characteristics (Brooks et al., 

2017; Chung & Anthony, 2013; Min et al., 2023). Also, limitations of the multiple-group 



224 

 

approach include issues common in MG-CFA. These include MI of the indicators that 

cannot be tested at the construct level, which may impact interpreting MI when full MI 

is not achieved, as well as model estimation. To address these challenges, the MIMIC 

approach has been proposed as an alternative methodological solution.    

Testing covariates as potential sources of DIF through MIMIC modelling can help 

validate the construct underlying the extracted latent group solutions and provide 

deeper insights into their characteristics. Masyn (2017) suggested using the latent class 

regression model, where the direct effects from latent class variable predictors to latent 

class indicators are considered in mixture models. As a part of the latent class model, 

these effects were examined using the MIMIC modelling technique, recommended as 

the 7-step procedure extending the 3-step approach from Masyn (2017). The 3-step 

approach involves identifying latent classes in an unconditional model using observed 

latent class indicators without incorporating covariates, estimating classification errors, 

and using latent group membership as an outcome variable to be predicted by 

covariates. The presence of the association represents that the covariates significantly 

predict the likelihood of individuals being assigned to a specific latent profile, indicating 

the differences in the profile compared to the reference group (Lanza et al., 2013). 

Conversely, the absence of association implies that the covariates do not significantly 

impact latent group membership, with no meaningful differences between the profile 

and the referral group (Collins & Lanza, 2010).  

The 3-step approach has been critiqued for its limitations in ensuring robustness, 
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particularly in mitigating misspecifications during the latent class enumeration process 

and producing accurate estimates of the covariates’ effects on latent class membership 

(Kim et al., 2016; Masyn, 2017). Specifically, the approach assumes that the direct 

effects representing the DIF effects from covariates to latent profile factors are null. This 

may result in a poorly fitting latent class regression model, thereby raising concerns 

about its adequacy in capturing complex associations within the data (Nylund-Gibson 

& Masyn, 2016). To support the detection of direct effects of covariates on latent profile 

factors in mixture models, Masyn (2017) developed the MIMIC approach to detecting 

and accounting for DIF effects through a 7-step procedure. These tests would help 

examine the covariates as potential sources of DIF and account for any significant direct 

effects of those covariates on the indicators within the latent group solutions (Masyn, 

2017). Therefore, the current study employed the MIMIC modelling technique to assess 

MI within the person-centred framework to enhance the robustness and validity of the 

analysis.  

6.3 Analysis  

Covariate analyses of the optimal 3-group model as described by Masyn (2017), 

were first evaluated using Mplus 8.10 to indicate proportional differences in covariates 

(i.e., the child’s gender and ethnic groups) between the profiles, followed by the MIMIC 

approach to test the direct effects of covariates on profile indicators. The child’s gender 

and ethnicity were used as covariates of the 3-group model. A significant direct effect 

of the child’s gender or ethnicity on profile membership suggests notable differences in 
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the likelihood of different groups being associated with different profiles. The 

magnitude of these differences can be assessed using the Odds Ratio (OR) in the 

covariate analyses, which quantifies the association between predictor and outcome 

variables and compares the relative odds of group membership to the largest group 

(Moser, 2010; Rudas, 1998). An OR of 1.0 suggests no effect, values > 1.0 indicate 

increased odds of the effects, and values < 1.0 represent decreased odds. However, the 

observed difference may be attributed to DIF, necessitating further investigations of DIF 

effects through MIMIC modelling. In the current work, the DIF effects were assessed 

using standardised coefficients for continuous factor scores, and unstandardised 

coefficients for count-based scores. According to (Cohen, 1988; Fey et al., 2023), effect 

sizes are: |β|<0.20 (small effect), 0.2≤|β|<0.50 (medium effect), |β|≥0.50 (large effect). 

A significant direct effect of either the child’s gender or ethnicity on the factor suggests 

a degree of the DIF effects associated with that factor, indicating the implications 

should be explored within the context of the broader LPA model. Non-significant direct 

effects may indicate MI, suggesting the model is equally valid across the sample and 

allowing meaningful interpretation of group differences (Harring & Hodis, 2016; Masyn, 

2017). The use of the two key analytical techniques in the thesis is detailed below.  

The covariate analyses tested the direct effects from the covariates to the 3-group 

model to assess proportional differences between the child’s gender and ethnic groups 

across the profiles through the 3-step approach. The unconditional 3-group model was 

initially estimated based on the preceding enumeration process. Individuals were then 
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classified into the most likely class membership and the classification error rates for the 

model class assignments were computed. Lastly, the child’s gender and ethnicity were 

used as covariates to examine the direct effects on the optional 3-group model. Here, 

variables representing the child’s gender and ethnicity were dummy-coded before 

assessing the association of gender and ethnicity with each of the 3 latent profiles using 

multinomial regression. The 3-group model was specified as a nominal variable with 3 

categories, class-specific measurement parameters were fixed for the nominal variable 

indicator to reflect the classification error rates, and regressions of the 3 categories on 

covariates (i.e., the child’s gender, ethnicity) were estimated.  

The second part was included to evaluate the direct covariate effects on the latent 

profile factors (prosocial behaviours, emotional symptoms, emotional knowledge, 

expressive language, receptive language and executive function). This part addresses 

the limitations in the previous covariate analyses, which did not account for the DIF 

effects across profiles and ignored the direct covariate effects on the latent profile 

factors. Specifically, the child’s gender and ethnicity were analysed separately as 

potential sources of DIF to latent profile factors of the 3-group model. A detailed 

description of assessing MI and DIF effects can be found in the supplemental material 

of the Masyn (2017) article. For each covariate, seven steps in the thesis were tested as 

outlined below.  

Step 1 started with an omnibus test comparing a null model (no-DIF model, M1.0) 

with no association of the latent profile factors with the covariates (the child’s gender or 
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ethnicity) and an alternative model with class-specific direct effects on the covariates 

(nonuniform DIF, M1.1). Based on the 3-group unconditional variances-constrained 

model (the optimal group solution in Phase 1), the null model M1.0 estimated a 

complete invariance model, indicating MI across the levels of the covariates. M1.0 

included regression of the 3-group model on the covariates (i.e., gender or ethnicity), 

assuming these covariates impact the latent profiles but have no direct effects on any 

latent profile factors. The alternative model was then tested, representing the 

nonuniform DIF model (M1.1). M1.1 added class-specific direct effects from the 

covariates to every latent profile factor, indicating that DIF effects differ for one or more 

profiles. The likelihood ratio of the omnibus test (M1.0 vs. M1.1) was subsequently 

compared. When the omnibus test was rejected, indicating there was evidence of DIF 

for at least one factor, and the covariates are sources of the DIF effect for at least one 

factor in at least one of the profiles. Then, a factor-by-factor sequential test proceeded 

to identify which of the factors functioned differently until a model with DIF that was 

not statistically significantly worse fitting than the full DIF model. 

Step 2 tested each factor for nonuniform DIF (i.e., DIF effects are different for each 

latent profile), assessing class-specific direct effects from the covariates to each model 

factor. This step tested each factor for nonuniform DIF with a stepwise procedure. 

Based on the 3-group unconditional variance-constrained model and the estimated 

average classification errors for the class assignment. Twelve models were tested and 

compared separately for gender and ethnicity. 
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Step 3 estimated all statistically significant nonuniform DIF effects found in Step 2. 

Step 4 tested nonuniform DIF versus uniform DIF for each factor identified in Step 2. 

Step 5 constrained all the nonuniform direct effects from Step 3 and not significantly 

nonuniform in Step 4 to uniform direct effects. Step 6 involved the evaluation of the 

practical and substantive impact of the DIF specified in the optimal model in Step 5. 

Step 7 involved an omnibus test of the association between the covariates and the 

latent profile. It compared the optimal model from Step 5 and the MIMIC model in Step 

7. This step displayed the results of the omnibus test of the association between the 

covariates and the group membership. If the MIMIC model was significantly worse than 

the optimal model from Step 5, it indicated that the covariates were related to the 

group membership. 

6.4 Results  

6.4.1 Multivariate Analysis of the Optimal 3-Group Model, When Not Accounting for the 

DIF Effects in Model Indicators 

This section describes the results of assessing associations of gender and ethnicity 

with group membership using multinomial regression without accounting for the DIF 

effects in factors of latent group membership. Full results are presented in Table 6-1. 

The Competent Profile (Profile 1, above the means), boys and European children were 

used as the reference groups for gender and ethnicity, respectively. Results show 

significant direct effects of the child’s gender on the Emerging profile (Profile 2, below 

the means) and the Progressing profile (Profile 3, close to the means). The four 
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ethnicities (Māori, Pacific, Asian, and Other ethnicities) had significant direct effects on 

the Emerging and Progressing profiles. These findings suggested that the child’s 

gender and ethnicity were important factors in determining the likelihood of being 

assigned to the Emerging and Progressing profiles. For example, gender significantly 

impacted the profile membership, indicating that girls were 0.56 times as likely as boys 

to be assigned to the Emerging profile and 0.77 times as likely as boys to be assigned 

to the Progressing profile.   

Table 6-1  

Models Assessing Associations of Gender and Five Ethnic Groups With Group Membership From Multinomial Regression 

Covariate Observed grouping 

variables 

Latent group solutions  

Competent Profile  

(Profile 1, 45.8%) 

Emerging Profile  

(Profile 2, 9.1%) 

Progressing Profile  

(Profile 3, 45.1%) 

  REF OR (95% CI) OR (95% CI) 

Gender Boy (REF) - - - 

Girl - 0.56 (0.45, 0.71) 0.77 (0.65, 0.90) 

Ethnicity European (REF) - - - 

Māori  - 3.39 (2.34, 4.91) 2.43 (1.72, 3.44) 

Pacific - 86.53 (26.81, 279.32) 24.02 (7.00, 82.48) 

Asian  - 7.72 (5.03, 11.85) 5.72 (3.70, 8.84) 

Other ethnicities - 0.39 (0.24, 0.64) 0.65 (0.50, 0.86) 

Note. OR values > 1.0 indicate increased odds, and values < 1.0 represent decreased odds. Ethnicity was prioritised from 

single/combination prioritisation, with the dual ethnicities group and single-ethnicity group prioritised as Māori > Pacific Peoples > 

Asian > Other ethnic groups except for European > European, detailed report in Appendix 2. Covariate analyses for the child’s 

gender and ethnicity were performed using Mplus v10.0 AUXILLARY multinomial logistic regression procedure in which auxiliary 

variables do not influence group formation during LPA analyses. Bolded estimates represented a significant direct effect of 

covariates on the latent group membership. REF represented that the Competent profile, boys, and  European children were used 

as the reference groups in the multinomial regression. Gender variables were dummy-coded (boys = 0 and girls = 1).  Ethnicity 

variables were dummy-coded and saved as a new variable, for instance, Māori = 1 and non-Māori = 0; this recode also applies to 

the European, Pacific, Asian, and Other ethnicities groups. 

However, these effects did not account for the potential sources of the DIF effects 
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on the latent profile factors, which were further assessed using the 7-step approach 

with the results of the direct covariate effects on each of the latent profile factors. These 

additional tests were completed by testing the child’s gender and ethnicity as separate 

sources of MNI.  

6.4.2 Testing Gender as a Source of the DIF Effects in the Latent Profile Model 

Table 6-2 presents model comparisons of DIF tests accounting for the child’s 

gender as a source of latent profile factors representing young children’s social, 

emotional, language, and executive function capabilities. The analyses in Table 6-2 

were conducted following the 7-step approach by Masyn (2017) and Bettencourt et al. 

(2022). The results were interpreted as follows: 

Step 1 compared the null, no-DIF model (M1.0), which included the regression of 

the 3-group model on gender (LL0= -37411.81, npar0=28), to the alternative model, 

nonuniform DIF model (M1.1) that added class-specific direct effects of gender on each 

latent profile factor (LL1= -37304.33, npar1=46). The likelihood ratio test of the omnibus 

test (M1.0 vs. M1.1) showed a rejection of M1.0 (LRTS =214.95, df =18, p< .001). This 

suggested that gender was a source of the DIF effects for at least one of the six latent 

profile factors in at least one of the three latent profiles. Therefore, Step 2 was 

proceeded. 

Step 2 identified which of the six factors function differently (nonuniform DIF 

effects) for boys and girls. This step compared no-DIF models to nonuniform DIF 

models for each of the six factors, and results showed that no-DIF models for executive 
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function (M2.0.1, LRTS=7.74, df =3, p> .05), emotional knowledge (M2.0.4, LRTS=3.83, 

df =3, p> .05), expressive language (M2.0.5, LRTS=6.13, df =3, p> .05), and receptive 

language (M2.0.6, LRTS=5.73, df =3, p> .05) were not significantly worse than the 

models allowing for nonuniform DIF. No-DIF models were significantly worse than 

nonuniform DIF models for prosocial behaviours (LRTS=135.1, df =3, p= .00) and 

emotional symptoms (LRTS=34.52, df =3, p= .00). Hence, models without DIF were 

rejected for prosocial behaviours and emotional symptoms, which suggested these 

models may function differently for each latent profile with respect to gender.  

Step 3 tested prosocial behaviours and emotional symptoms with the nonuniform 

DIF effects found in Step 2. M3.0, including the two nonuniform DIF effects from 

gender to prosocial behaviours and emotional symptoms, was compared to M1.0 and 

M1.1, respectively. Results showed that M3.0 is significantly better than M1.0 

(LRTS=173.92, df =6, p< .01) but significantly worse than M1.1 from Step 1 

(LRTS=41.03, df =12, p< .01). There was a significant improvement in model fit from 

model M1.0 to M3.0, but M1.1 was significantly better than M3.0. M3.0.1 to M3.0.4, 

then compared models with nonuniform DIF to models with and without uniform DIF. 

In addition to nonuniform DIF for prosocial behaviours and emotional symptoms, 

M3.0.1 to M3.0.4 sequentially added the nonuniform indicator executive function to 

M3.0.1, emotional knowledge to M3.0.2, expressive language to M3.0.3 and receptive 

language to M3.0.4. M3.0.1 to M3.0.4 were compared to M3.0 and M1.1. Results 

showed that M3.0 was significantly worse than M3.0.1, M3.0.3 and M3.0.4, but not 
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significantly worse than M3.0.2. M1.1 was significantly better than these four models. 

Therefore, M1.1 was retained as the final model to proceed to Step 4.  

Step 4 tested models with and without uniform DIF. Each of the six factors was 

estimated in six additional models. In M4.1.1, prosocial behaviours were specified as 

class-invariant, while the remaining five indicators were allowed to be class-varying. 

The same specification was applied sequentially in M4.1.2 to M4.1.6, such that each 

indicator—emotional symptoms, emotional knowledge, expressive language, receptive 

language, and executive function—was specified to be class-invariant in turn, with the 

other five indicators specified as class-varying. These models were then compared to 

M1.1, which added class-varying direct effects from gender to each of the six factors. 

The results indicated that M4.1.1 to M4.1.4 did not fit significantly worse than M1.1, 

whereas M4.1.5 and M4.1.6 showed significantly poorer fit. The DIF effects of gender 

on receptive language and executive function are nonuniform DIFs; prosocial 

behaviours, emotional symptoms, emotional knowledge, and expressive language are 

uniform DIFs. 

Based on results from previous steps, Step 5 specified the DIF effects of gender 

with nonuniform DIFs for receptive language and executive function, uniform DIFs for 

prosocial behaviours, emotional symptoms, emotional knowledge, and expressive 

language. M5.1 was compared with M1.1 in Step 5. Results found that M5.1, with the 

uniform and nonuniform DIFs constraints imposed, was not statistically worse fitting 

than M1.1. Hence, M5.1 was then used for Step 6 evaluation. 
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Figure 6-1 presented model-estimated latent profile indicator distribution by 

gender in Step 6, which assessed the practical and substantive impact of the DIF 

identified in M5.1. This step ultimately determined whether sufficient invariance existed 

across gender groups, allowing a valid comparison of the distribution of the latent 

group membership among boys and girls. The estimated standardised coefficients of 

the uniform DIF effects of gender on prosocial behaviours (β= 0.17), emotional 

symptoms (β= 0.05), and expressive language (β= 0.07) were significant (p< .05) across 

the three latent profiles. This means gender has a small effect on prosocial behaviours 

and considerably negligible effects on emotional symptoms and expressive language, 

with girls having higher scores on these three factors compared to boys. Uniform DIF 

effects from gender on emotional knowledge were non-significant. The nonuniform DIF 

effect of gender on receptive language was not significant (p> .05) across the three 

latent profiles, meaning gender is not significantly related to receptive language in the 

model. The unstandardised coefficients were statistically significant (p< .05) for both the 

Competent profile (unstandardised estimate=-0.33, SE=0.15) and the Progressing 

profile (unstandardised estimate=-0.10, SE=0.04). These findings may suggest a 

medium effect of gender on estimating the count-based scores for executive function 

in the Competent profile and a small effect in the Progressing profile. Visual inspection 

of the 3-group model across gender in Figure 6-1 suggested that the 3-group model 

was substantively comparable for boys and girls. The nonuniform DIF effects did not 

shift the separation or interpretation of the latent group solutions for boys and girls. 
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Based on the estimated DIF effects and the evaluation of the gender-specific 

distribution in Figure 6-1, I concluded that the 3-group model was comparable for 

boys and girls. Hence, Step 7 compared the distribution of the 3-group model across 

the child’s gender groups. 

Step 7 involved an omnibus test of the association between gender and latent 

group membership. This was achieved by comparing the final model from Step 5, 

relabelled as M7.1, where the multinomial logistic slope coefficients for the regression 

of the latent group membership on gender were freely estimated. This model was 

compared to M7.0 with multinomial logistic slope coefficients for the regression of the 

latent group membership solution on gender fixed at 0. M7.1 had a significantly better 

fit than M7.0, indicating gender was associated with latent group membership.
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Table 6-2  

Model Comparison for Stepwise DIF Tests for the Child’s Gender With the 3-Group Latent Profile Model of Young Children’s Capabilities  

Steps Models Model description LL #free parameters Model comparison LRTS dfLRTS p 

1 M1.0 No DIF  -37411.806 28 
    

M1.1 All DIF -37304.331 46 M1.0 vs M1.1 214.95 18 0.000 

2 M2.0.1 EF: No DIF -19024.686 8 
    

M2.1.1 EF: Nonuniform DIF -19020.814 11 M2.0.1 vs M2.1.1 7.744 3 0.052 

M2.0.2 Pro: No DIF -9688.119 8 
    

M2.1.2 Pro: Nonuniform DIF -9620.569 11 M2.0.2 vs M2.1.2 135.1 3 0.000 

M2.0.3 EM: No DIF -8268.668 8 
    

M2.1.3 EM: Nonuniform DIF -8251.408 11 M2.0.3 vs M2.1.3 34.52 3 0.000 

M2.0.4 EK: No DIF -9270.881 8 
    

M2.1.4 EK: Nonuniform DIF -9268.964 11 M2.0.4 vs M2.1.4 3.834 3 0.280 

M2.0.5 EL: No DIF -8514.682 8 
    

M2.1.5 EL: Nonuniform DIF -8511.615 11 M2.0.5 vs M2.1.5 6.134 3 0.105 

M2.0.6 RL: No DIF -10570.508 8 
    

M2.1.6 RL: Nonuniform DIF -10567.644 11 M2.0.6 vs M2.1.6 5.728 3 0.126 

3 M3.0 Pro and EM with nonuniform DIF  -37324.844 34 M1.0 vs M3.0 173.924 6 0.000 

    
M3.0 vs M1.1 41.026 12 0.000 

M3.0.1 nonuniform DIF: EF, Pro, EM symptoms  -37320.367 37 M3.0 vs M3.0.1 8.954 3 0.030 

    
M3.0.1 vs M1.1 32.072 9 0.000 

M3.0.2 nonuniform DIF: EK, Pro, EM symptoms  -37323.633 37 M3.0 vs M3.0.2 2.422 3 0.490 
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Steps Models Model description LL #free parameters Model comparison LRTS dfLRTS p 

    
M3.0.2 vs M1.1 38.604 9 0.000 

M3.0.3 nonuniform DIF: EL, Pro, EM symptoms  -37317.128 37 M3.0 vs M3.0.3 15.432 3 0.001 

    
M3.0.3 vs M1.1 25.594 9 0.002 

M3.0.4 nonuniform DIF: RL, Pro, EM symptoms  -37318.619 37 M3.0 vs M3.0.4 12.45 3 0.006 

    
M3.0.4 vs M1.1 28.576 9 0.001 

4 M4.1.1 all items nonuniform except Pro -37304.415 44  M4.1.1 vs M1.1   0.168 2 0.919 

M4.1.2 all items nonuniform except EM -37306.008 44  M4.1.2 vs M1.1   3.354 2 0.187 

M4.1.3 all items nonuniform except EK -37305.797 44  M4.1.3 vs M1.1   2.932 2 0.231 

M4.1.4 all items nonuniform except EL -37306.577 44  M4.1.4 vs M1.1   4.492 2 0.106 

M4.1.5 all items nonuniform except RL -37310.191 44  M4.1.5 vs M1.1   11.72 2 0.003 

M4.1.6 all items nonuniform except EF -37308.477 44  M4.1.6 vs M1.1   8.292 2 0.016 

5 M5.1 nonuniform DIF for RL and EF, and uniform DIF for Pro, EM, EK, EL  -37310.199 38 M5.1 vs M1.1 11.736 8 0.163 

6 
 

Evaluation of the practical and substantive impact of DIF in M5.1 

(Figure 6-1 ) 

      

7 M7.0 C on gender @0  -37314.411 36 
    

M7.1 C on gender free, same as M5.1 -37310.199 38 M7.0 vs M7.1 8.424 2 0.015 

Note. Pro = prosocial behaviours, EM= emotional symptoms, EK= emotional knowledge, EL= expressive language, RL= receptive language, EF= Executive function. LL= Log Likelihood. npar= Number of 

free parameters estimated in the model. LRTS = likelihood ratio test statistic. df= degrees of freedom. Nonuniform DIF indicates that DIF effects are different for one or more latent profiles. Uniform DIF 

indicates DIF effects are the same across the latent profiles. No DIF indicates there is no DIF effect.
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Figure 6-1  

Model-Estimated Latent Profile Factor Distribution by Gender for Factors With DIF Effects 
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Note. N = 5704,  3 cases missing on gender were not estimated. The figure showed the model-estimated mean of the five-factor 

scores (prosocial behaviours, emotional symptoms, emotional knowledge, expressive language, and receptive language). Scores 

above zero represented scores higher than the average, and scores below zero represented scores lower than the sample average. 

The figure also showed the median count scores of the executive function relative to its grand median count scores (13) in Chapter 

5. 

Figure 6-1 showed the model-estimated latent profile factor means and median 

distribution by gender. Results suggested that the child’s gender was related to latent 

group membership. Gender was a potential source of the DIF effects for at least one of 

the latent profile factors. Specifically, uniform DIFs were identified for prosocial 

behaviours, emotional symptoms, expressive language, and emotional knowledge, with 

nonuniform DIFs identified for receptive language and executive function. As noted in 

Table 6-2, significant uniform DIF effects were observed for prosocial behaviours, 

emotional symptoms, and expressive language across the three latent profiles, with 

gender having a small effect on prosocial behaviours and negligible effects on 

emotional symptoms and expressive language. Uniform DIF effects from gender on 

emotional knowledge were not significant. Nonuniform DIFs were identified for 

receptive language and executive function, suggesting gender was a source of 

nonuniform DIF effects for these two factors. The nonuniform DIF effects for receptive 

language were not significant. They were only significant for executive function in both 

the Competent and Progressing profiles, with a medium effect in the Competent profile 

and a small effect in the Progressing profile identified. In sum, despite the presence of 

both uniform and nonuniform DIF effects, the magnitude of these effects was small or 

negligible, providing sufficient invariance to support the comparability of the 3-group 

model for the boys and girls. 
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6.4.3 Testing Ethnicity as a Source of the DIF Effects in the Latent Profile Model 

Table 6-3 presented model comparisons for stepwise DIF testing for ethnicity as a 

source of latent profile factors representing young children’s social, emotional, 

language and executive function capabilities. The analyses in Table 6-3 were conducted 

following the 7-step approach by Masyn (2017) and Bettencourt et al. (2022). The 

results were interpreted as follows: 

Step 1 compared the null model (M1.0), which included regression of the 3-group 

model on ethnicity (LL0= -36882.86, npar0=34), to the alternative nonuniform DIF 

model (M1.1), which added class-specific direct effects on each latent factor regarding 

ethnicity (LL1= -36525.34, npar1=106). The likelihood ratio test of the omnibus test 

(M1.0 vs. M1.1) showed a rejection of M1.0 (LRTS =715.04, df =72, p< .001), suggesting 

that ethnicity is a source of the DIF effects for at least one of the six latent profile 

indicators in at least one of the three latent profiles.  

Step 2 assessed how these six factors function differently across different ethnic 

groups. This step compared no-DIF models to nonuniform DIF models for each factor. 

Results showed that no-DIF models for executive function (LRTS=194.36, df =12, 

p< .01), prosocial behaviours (LRTS=72.89, df =12, p< .01), emotional symptoms 

(LRTS=104.22, df =12, p< .01), emotional knowledge (LRTS=29.28, df =12, p< .01), 

expressive language (LRTS=85.48, df =12, p< .01), and receptive language 

(LRTS=164.00, df =12, p< .01) were significantly worse than the models allowing for 

nonuniform DIF. Hence, no-DIF models were rejected for all six factors, which might 
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function differently with respect to ethnicity.  

Based on the results from Step 2, Step 3 tested a model that included all six factors 

with nonuniform DIF effects (M3.0), and six models sequentially assessed one of the six 

factors with no-DIF effects while specifying the remaining five factors with nonuniform 

DIF effects (M3.0.1 to M3.0.6). M3.0, including the nonuniform DIF effects from ethnicity 

to the six factors, was the same as M1.1, with all DIF indicating class-varying direct 

effects from ethnicity to each of the six factors. M3.0 was then compared to M1.0 

(repeating the omnibus test of model invariance, M1.0 vs M1.1). The results indicated 

that M3.0 provided a significantly better fit to the data than M1.0 (LRTS=715.04, df =72, 

p< .01). M3.0.1 to M3.0.6 were then tested and compared to M3.0. Results indicated 

that M3.0.1 (model with all nonuniform DIF factors, except for executive function with 

no-DIF effects; LRTS=20.17, df =12, p= .06) and M3.0.2 (model with all nonuniform DIF 

factors, except for prosocial behaviours with no-DIF effects; LRTS=18.34, df =12, 

p= .11) displayed an improved model fit than M3.0. M3.0.3 through M3.0.6 had 

significantly worse fitting than M3.0. Based on the results from these steps, an 

additional model (M3.0.7) was tested. This model specified executive function and 

prosocial behaviours with no-DIF effects, while the remaining four factors were 

modelled with nonuniform effects. M3.0.7 showed improvements in model fit 

compared to M3.0.1 (LRTS=19.28, df =12, p= .08), but was significantly worse than 

M3.0 (LRTS=39.44, df =24, p< .05) and M3.0.2 (LRTS=21.10, df =12, p< .05). Therefore, 

M3.0.2 was retained as the final MIMIC model to proceed to Step 4.  
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Step 4 tested models for uniform DIF. Following M3.0.2, each of the factors 

(executive function, emotional symptoms, emotional knowledge, expressive language, 

and receptive language) identified in Steps 2 and 3 was estimated in five additional 

models: M4.1.1 and M4.3.1 to M4.6.1. These models sequentially specified all factors 

with nonuniform DIF, except uniform DIF for executive function, emotional symptoms, 

emotional knowledge, expressive language, and receptive language and all with no-DIF 

prosocial behaviours. Each of the models (M4.1.1, M4.3.1 through M4.6.1) was then 

compared to M3.0.2. The results showed that M4.3.1 provided an improved model fit 

compared to M3.0.2 (LRTS=14.31, df =8, p= .07), the other four models had 

significantly worse fitting than M3.0.2. Hence, M4.3.1 was retained as the model for 

Step 5.  

Step 5 specified a model M5.0.1, the same as M4.3.1 with no-DIF prosocial 

behaviours, uniform emotional symptoms, and nonuniform DIFs for executive function, 

emotional knowledge, expressive language, and receptive language. This model was 

retained as the model for Step 6, evaluating the practical and substantive impact of DIF. 

Figure 6-2 presents the model-estimated distribution of latent profile factors by 

ethnicity in Step 6. This step ultimately evaluated whether sufficient invariance existed 

across ethnicity, allowing for valid comparisons of their latent group membership. Step 

7, which involved the comparisons of the distribution of the 3-group model for 

ethnicity, did not proceed due to insufficient invariance for factors.
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Table 6-3  

Model Comparison for Stepwise DIF Testing for Ethnicity With the 3-Group Latent Profile Model of Young Children’s Capabilities  

steps  Models Model description  LL #free parameters  Model comparison LRTS dfLRTS p 

1 
M1.0 No DIF -36882.855 34 

    
M1.1 All DIF -36525.336 106 M1.0 vs M1.1 715.038 72 .000 

2 

M2.0.1 EF: No DIF -18731.954 14 
    

M2.1.1 EF: Nonuniform DIF -18634.773 26 M2.0.1 vs M2.1.1 194.362 12 .000 

M2.0.2 Pro: No DIF -9282.461 14 
    

M2.1.2 Pro: Nonuniform DIF -9246.017 26 M2.0.2 vs M2.1.2 72.888 12 .000 

M2.0.3 EM: No DIF -7786.158 14 
    

M2.1.3 EM: Nonuniform DIF -7734.049 26 M2.0.3 vs M2.1.3 104.218 12 .000 

M2.0.4 EK: No DIF -8858.487 14 
    

M2.1.4 EK: Nonuniform DIF -8843.849 26 M2.0.4 vs M2.1.4 29.276 12 .004 

M2.0.5 EL: No DIF -8130.366 14 
    

M2.1.5 EL: Nonuniform DIF -8087.626 26 M2.0.5 vs M2.1.5 85.480 12 .000 

M2.0.6 RL: No DIF -9995.703 14 
    

M2.1.6 RL: Nonuniform DIF -9913.703 26 M2.0.6 vs M2.1.6 164.000 12 .000 

3 

M3.0  All nonuniform DIF (same as M1.1) -36525.336 106 M1.0 vs M3.0 715.038 72 .000 

M3.0.1  All nonuniform except no-DIF EF -36535.419 94 M3.0.1 vs M3.0 20.166 12 .064 

M3.0.2  All nonuniform except no-DIF Pro -36534.508 94 M3.0.2 vs M3.0 18.344 12 .106 

M3.0.3  All nonuniform except no-DIF EM -36674.166 94 M3.0.3 vs M3.0 297.660 12 .000 

M3.0.4  All nonuniform except no-DIF EK -36578.995 94 M3.0.4 vs M3.0 107.318 12 .000 
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steps  Models Model description  LL #free parameters  Model comparison LRTS dfLRTS p 

M3.0.5  All nonuniform except no-DIF EL -36584.288 94 M3.0.5 vs M3.0 117.904 12 .000 

M3.0.6  All nonuniform except no-DIF RL -36680.028 94 M3.0.6 vs M3.0 309.384 12 .000 

M3.0.7 All nonuniform except no-DIF for both EF and Pro -36545.058 82 M3.0.7 vs M3.0 39.444 24 .025 

    M3.0.7 vs M3.0.1 19.278 12 .082 

    M3.0.7 vs M3.0.2 21.1 12 .049 

4 

M4.1.1  All items nonuniform except EF, and no-DIF Pro -36542.695 86 M4.1.1 vs M3.0.2 16.374 8 .037 

M4.3.1  All items nonuniform except EM, and no-DIF Pro  -36541.661 86 M4.3.1 vs M3.0.2 14.306 8 .074 

M4.4.1   All items nonuniform except EK, and no-DIF Pro  -36552.515 86 M4.4.1 vs M3.0.2 36.014 8 .000 

M4.5.1   All items nonuniform except EL, and no-DIF Pro  -36546.240 86 M4.5.1 vs M3.0.2 23.464 8 .003 

M4.6.1   All items nonuniform except RL, and no-DIF Pro  -36550.577 86 M4.6.1 vs M3.0.2 32.138 8 .000 

5 M5.0.1  
No-DIF Pro, uniform EM, nonuniform DIF for EF, EK, EL and RL  

(same as M4.3.1) 

-36541.661 86 M5.0.1 vs M3.0.2 14.306 8 .074 

6 
 

Evaluation of the practical and substantive impact of DIF in M5.0.1 (See 

Figure 6-2 and Table 6-4) 
      

7 - - - - - - - - 

Note. Ethnicity was prioritised from single/combination prioritisation, with the dual ethnicities group and single-ethnicity group prioritised as Māori > Pacific Peoples > Asian > Other ethnic groups except 

for European > European, detailed report in Appendix 2. Pro = prosocial behaviours, EM= emotional symptoms, EK= emotional knowledge, EL= expressive language, RL= receptive language, EF= 

Executive function. LL= Log Likelihood. npar= Number of free parameters estimated in the model. LRTS = likelihood ratio test statistic. df= degrees of freedom. Nonuniform DIF indicates that the DIF 

effects are different for one or more latent profiles. Uniform DIF indicates that the DIF effects are the same across latent profiles. No DIF indicates there is no MNI effect. Significant effects between models 

indicate that the baseline model is significantly better than the compared model. Non-significant effects between models indicate the new model is not worse than the baseline model, and the new model 

should be retained. 
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Figure 6-2  

Model-Estimated Latent Profile Factor Distribution by Ethnicity for Factors With DIF Effects 
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Note. N = 5704, missing 3 cases on gender variables. No-DIF prosocial behaviours were not graphed in the figure above due to 

limitations with graphing means of no-DIF factor within mixture models in Mplus output. The figure showed the model-based 

mean of the four-factor scores (emotional symptoms, emotional knowledge, expressive language, and receptive language) and the 

median count scores of the executive function. Scores above zero represented scores higher than the average, and scores below 

zero represented scores lower than the sample average. Executive function was charted as absolute median count scores relative to 

grand median count scores (13). 

The visualisations in Figure 6-2 presented model-estimated means or medians of 

the latent profile factor distribution by ethnicity. DIF effects were characterised as:  

Prosocial behaviours were identified with no-DIF effect, suggesting invariance 

across ethnicity. Significant differences in means were observed in the Competent and 

Emerging profiles. However, the means of prosocial behaviours in each ethnic group 

across the three profiles were not presented in Figure 6-2.   

Significant uniform DIF effects were found for emotional symptoms among Māori, 

Pacific, and Asian children across the three profiles, with small effect sizes observed for 

these ethnic groups on emotional symptoms (|β|<0.20). Non-significant DIF effects 

were identified for Children from Other ethnicities. These findings suggested ethnicity 

had no effect or only small effects on emotional symptoms. Specifically, Māori, Pacific 

and Asian children had slightly higher factor scores for emotional symptoms compared 

to the reference group, European children, across the three profiles.  

Significant nonuniform DIF effects were identified for emotional knowledge among 

Pacific and Asian children across the three profiles, and Māori children in the Emerging 

profile. Small effect sizes(|β|<0.20) were observed for Māori children in the Emerging 

profile and Pacific and Asian children in the Competent and Progressing profiles. 

Medium effect sizes (0.2≤|β|<0.50) were found for Pacific and Asian children in the 
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Emerging profile. Non-significant nonuniform DIF effects were observed in emotional 

knowledge among children from Other ethnicities.  

Significant nonuniform DIF effects were observed for expressive language. Pacific 

and Asian children showed small effect sizes in the Competent and Progressing profiles. 

Children from Other ethnicities exhibited a small effect size in the Emerging profile, 

while Māori children had a small effect size in the Progressing profile (|β|<0.20). 

Significant nonuniform DIF effects were identified for receptive language. Pacific 

children had medium effect sizes across the three profiles (0.2≤|β|<0.50). Māori 

children exhibited small effect sizes across the three profiles. Asian children showed 

small effect sizes in the Emerging and Progressing profiles (|β|<0.20) but a medium 

effect size in the Competent profile (0.2≤|β|<0.50).  

Unstandardised coefficients for executive function were only significant for Asian 

children in the Progressing profile (estimate=0.16, p< .01). These coefficients were non-

significant in the Competent and Emerging profiles across the ethnic groups.  

Since the DIF effects altered the separation and interpretation of the latent group 

solution, and there was insufficient full measurement invariance for factors like 

executive function, emotional knowledge, and expressive and receptive language, I 

concluded that the 3-group model was not comparable across ethnicity. 

6.5 Discussion 

The study aimed to explore whether the 3-group model was invariant across the 

child’s binary gender (i.e., boys and girls) and ethnicity (i.e., European, Māori, Pacific 
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Peoples, Asian, Other) using a DIF approach through MIMIC modelling to invariance 

testing (Bettencourt et al., 2022; Masyn, 2017). This approach used in the current work 

accounted for DIF effects on the latent profile factors of young children’s social, 

emotional, language and executive function capabilities, as ignoring these DIF effects 

may bias estimated parameters for the measure and structural model of the mixture 

models (Masyn, 2017). This inclusion of covariate effects on the latent profile factors 

could help identify whether the covariates (i.e., gender and ethnicity) were potential 

sources of DIF for the latent profile factors and mitigate the risks of introducing biases 

in the prediction model (Kim & Wang, 2019).  

The 7-step MIMIC modelling procedure was used to test gender and ethnicity as 

separate sources of DIF effects in latent profile factors, with results in Tables 6-2 and 6-

3. Table 6-4 summarised findings for uniform and nonuniform DIF effects associated 

with the six latent profile factors in each gender and ethnicity. 

Results suggested that the child’s gender was a source of the DIF effects for all six 

factors. Uniform DIF effects on prosocial behaviours, emotional symptoms, emotional 

knowledge, and expressive language were identified, indicating that the DIF effects are 

the same across the three latent profiles. Specifically, a small effect on prosocial 

behaviours and negligible effects on emotional symptoms and expressive language 

were found significant across profiles, with non-significant uniform DIF effects on 

emotional knowledge observed. In contrast, nonuniform DIF effects were observed for 

receptive language and executive function, indicating the DIF effects are different for at 
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least one or more of the latent profiles. Significant medium effects in the Competent 

profile and small effects in the Progressing profile for executive function were identified, 

with non-significant nonuniform DIF effects for receptive language observed. The effect 

sizes, together with visualisations of the model-estimated latent profile factor mean 

and median distribution by gender, indicated sufficient measurement invariance of the 

3-group model across the child’s gender groups. This finding is consistent with the 

hypothesis presented in Chapter 4, which hypothesised that a child’s gender (boys and 

girls) would have no direct effects on the latent developmental profile indicators. 

Ethnicity was a source of DIF effects for five latent profile factors in at least one of 

the three latent profiles, except for prosocial behaviours, with no-DIF effects observed. 

Specifically, uniform DIF effects with small effect sizes were found in emotional 

symptoms among Māori, Pacific, and Asian children across the three profiles. 

Nonuniform DIF effects on executive function, emotional knowledge, and receptive and 

expressive language were identified, with non-significant or small to medium effect 

sizes varying in one or more profiles. For example, significant nonuniform DIF effects 

for emotional knowledge were identified among Pacific and Asian children across the 

three profiles and Māori children in the Emerging profile, with small to medium effects. 

These small to medium effect sizes and visualisations of the model-estimated mean 

and median distribution of latent profile factors by ethnicity indicated insufficient 

measurement invariances of the 3-group model across ethnicity. Figure 6-2 

visualisations suggested that emotional symptoms may be comparable across ethnicity 
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across the latent profile. Emotional knowledge, and expressive and receptive language 

show varying degrees of comparability, with differences specific to individual profiles. 

Hence, the 3-group model was not comparable across ethnicity, even with the partial 

DIF effects. These findings are inconsistent with the hypothesis presented in Chapter 4, 

which posited that the mother-prioritised child’s ethnicity (Māori, Pacific, Asian, 

European, and Other ethnicities) would have no direct effect on the latent 

developmental profile indicators. 

Findings from the study underscore the importance of data due diligence. Ignoring 

or avoiding DIF effects in mixture models may jeopardise the results since it provides 

biased estimates for the classification process and the prediction model (Masyn, 2017). 

Applying the DIF approach was necessary for addressing unbiased estimates, as it 

identified DIF effects across the child’s gender and ethnicity. However, testing the direct 

effects of covariates on latent profile indicators through MIMIC modelling requires 

careful consideration, as the approach remains relatively new within mixture modelling 

and has been supported by a limited body of empirical evidence. The use of the DIF 

approach in the current work also highlighted the importance of acknowledging the 

limitations of the data, cautioning against the assumption that all latent profile 

indicators were equally interpreted across different levels of the child’s gender and 

ethnicity. By examining covariates as potential sources of DIF effects in the current 

research, this research established MI across gender groups in a 3-group model, 

allowing for equitable interpretation of indicators, with no comparability across 
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ethnicity concluded due to the lack of sufficient invariances. These findings reflected the 

importance of addressing DIF effects to ensure fairness in interpretation and robust 

results across diverse demographic groups. 
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Table 6-4  

Summary of Findings of Uniform and Nonuniform DIF Effects Using the Child’s Gender and Ethnicity as Covariates 

Factors Gender
1
  Profile 1 Profile 2 Profile 3 Ethnicity

2
  

Profile 1 Profile 2 Profile 3 

Māori  Pacific Asian Other Māori  Pacific Asian Other Māori  Pacific Asian Other 

Pro  uniform 0.168 0.166 0.168 no DIF - - - - - - - - - - - - 

EM uniform 0.045 0.045 0.045 uniform 0.068 0.204 0.075 -0.016 0.086 0.313 0.072 -0.018 0.078 0.246 0.065 -0.015 

EK uniform 0.015 0.014  0.015 nonuniform  -0.036 -0.105 -0.195 0.011 -0.231 -0.428 -0.331 0.064 -0.069 -0.151 -0.092 0.036 

EL uniform 0.074 0.073 0.074 nonuniform  0.007 -0.098 -0.130 0.008 0.111 -0.035 0.021 0.125 -0.096 -0.165 -0.112 0.045 

RL nonuniform -0.016 -0.046 0.092 nonuniform  -0.155 -0.322 -0.359 -0.023 -0.116 -0.327 -0.155 0.025 -0.248 -0.364 -0.265 0.050 

EF nonuniform -0.332 -0.018 -0.095 nonuniform  0.045 0.007 -0.110  0.091  -0.043 0.051 -0.141  -0.038 0.082 0.086 0.159 -0.038 

Conclusion 

The results indicated sufficient measurement 

invariance of the 3-group model across the child’s 

gender groups 

Conclusion 
even with the partial DIF effects, the results suggested that the 3-group model may not be comparable across the child’s 

ethnicity.  

Note. 1 represents that the group’ boys ‘ was used as the reference group for gender; 2 represents that the group’ European ‘ was used as the reference group for ethnic groups. Pro = prosocial 

behaviours, EM= emotional symptoms, EK= emotional knowledge, EL= expressive language, RL= receptive language, EF= Executive function. Standardised coefficients were generated for prosocial 

behaviours, emotional symptoms, emotional knowledge, expressive and receptive language; unstandardised coefficients were used for executive function. Nonuniform DIF indicates that the DIF effects are 

different in one or more profiles. Uniform DIF indicates that the DIF effects are the same across profiles. No DIF indicates there is no DIF effect. The abbreviation ns indicates not statistically significant. 
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6.6 Implications 

The second phase of the thesis focused on how best to understand measures that 

address young children’s social, emotional, language, and executive function 

capabilities. Results from the DIF approach using the MIMIC modelling to assess DIF 

effects could inform fairness in understanding measures and the interpretation of 

children’s capabilities. Accounting for the DIF effects may mitigate the risks of biased 

estimates of the associations between covariates and latent group solutions. The results 

of the DIF effects on latent profile factors may inform revisions to the existing factors or 

the addition of new factors. Specifically, nonuniform DIF was observed for receptive 

language and executive function by gender, and executive function, emotional 

knowledge, expressive language, and receptive language by ethnicity. This suggests 

that factor structure may require adjustment to ensure equivalent measurement across 

groups. 

By accounting for DIF effects on the latent group solution and factors associated 

with the child’s gender and ethnicity, this research can appropriately assess more 

complex models to understand latent profiles and better inform research and policy. 

Previous research in Chapter 3 explored gender and ethnic differences in individual 

domains. However, a holistic approach is needed to deepen the understanding of the 

complexity and interconnectedness of children’s capabilities. The current research 

integrated observed subgroup variation (i.e., gender and ethnicity) with the person-

centred model to ensure a robust understanding of children’s capabilities, highlighting 
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subgroup differences and emphasising the interconnectedness of these capabilities 

across different subgroup levels. 

 Acknowledging the complexity of the analytical approaches employed in the thesis 

is important. The thesis employed the DIF approach, recognising its advantages in 

assessing DIF effects on the latent profile factors. Specifically, this DIF approach 

assumed configural invariance across different levels of the covariates in the study, and 

that general class-specific patterns of item endorsement were consistent across 

covariate values (Bettencourt et al., 2022). This approach has been easily adapted for 

different metrics of covariates and latent group indicators (Masyn, 2017). This may 

necessitate empirical guidelines to judge the magnitude of DIF in the mixture models. 

Future research may require a thorough and systematic study design and population 

features that impact the DIF in mixture models with covariates. This may provide an 

opportunity to consider additional covariates for future studies. 

6.7 Limitations and Future Directions 

The ethnicity categorisation in the thesis may not provide the most representative 

depiction of the populations under study. The child’s ethnicity was used as a grouping 

variable to examine DIF effects in the DIF approach and generate results to support the 

potential utility of education policies for certain ethnicities. Although the research 

followed the single/combination ethnicity categorisation, including single-ethnicity 

groups did provide sufficient sample size for latent profile analysis and group 

comparisons. However, the complexities of ethnicity categorisation posed challenges 
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for statistical analysis among participants identified with dual- or multiple-ethnicities by 

their mother. The strengths and limitations of each ethnicity classification method, such 

as administrative prioritisation, single/combination, and self-prioritisation, were 

discussed by the GUiNZs researchers (Yao et al., 2021; Yao et al., 2022). Further, the 

current research did not include Dual ethnicities due to the complex nature of Dual 

ethnicities. Careful considerations for ethnicity categorisation are needed to avoid 

jeopardising research results. 

The thesis did not focus on the interaction effects of the child’s gender and 

ethnicity on the latent profile indicators, as the literature review in the current thesis did 

not provide sufficient coverage of the interaction effects on children’s capabilities 

according to the research purposes. This limitation can be addressed in future studies 

by exploring the combined sources of the child’s gender and ethnicity of the DIF effects 

on the latent profile indicators. Given the insufficient invariance across ethnic groups, it 

would be important for future studies to explore how ethnicity may impact the latent 

profiles differently across diverse ethnic and other demographic backgrounds. This 

could help uncover potential ethnic, cultural, or societal factors that contribute to 

variations in children’s capabilities, ultimately improving the generalisability of the 

findings. Additionally, this research did not explore the impact of other covariates on MI 

and the DIF effects due to the focus of the research, which may limit the understanding 

of the factors influencing children’s capabilities. 

The limitation in reporting the effect sizes may arise from an inconsistency in using 
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standardised and unstandardised coefficients as metrics for evaluating effect sizes. As 

the Mplus software does not generate standardised coefficients for count-based data 

in the MIMIC model in the current research, the unstandardised coefficients were used 

to assess the nonuniform DIF effect of gender on executive function. This may impact 

the interpretability of the results, whereas it addresses the appropriate data modelling 

and the research question (Pek & Flora, 2018).   

The DIF approach is a starting point for methodological research related to MI in 

mixture modelling (Masyn, 2017). Limitations in research design and the selection of 

covariates may provide a limited understanding of the distal outcomes influencing the 

mixture models. For instance, literature suggested changes in capabilities over time 

(Collins & Lanza, 2010), while the current study was a cross-sectional study that was 

unable to examine how DIF effects may impact the measures and latent group 

solutions across the child’s gender and ethnic groups over time.  

6.8 Conclusion  

Findings from the DIF approach concluded that the 3-group model demonstrated 

comparability across the child’s gender groups. However, insufficient invariance 

observed across ethnicity limited the comparability of the 3-group model. The findings 

offer a strong step forward and an example for future studies in understanding young 

children’s social, emotional, language, and executive function capabilities with 

advanced statistical analysis techniques. By exploring MI across diverse subpopulations 

and DIF effects using MG-CFA and the MIMIC modelling techniques, the thesis 
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emphasised the data due diligence, fairness in interpreting the constructs and model, 

and using data with care. The current work is important for the methodological 

exploration of reducing biases by incorporating DIF effects into the mixture models of 

young children’s social, emotional, language, and executive function capabilities.  
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Chapter 7 General Discussion  

The current chapter aims to provide a thorough synthesis of key findings in the 

current thesis, with critical discussions on both the consistencies and discrepancies with 

existing literature. It begins by presenting an overview of significant findings on the 

shared patterns of social, emotional, language, and executive function capabilities in 

young children. It then summarises the results of measurement invariance (MI) tests 

conducted for the available selected measures across the child’s gender and ethnicity. 

Furthermore, it includes a summary of MI tests at the person-centred model level and 

the comparability of the optimal group solution across the child’s gender and ethnicity. 

Findings are then discussed in an overall discussion section with a focus on the 

consistencies and variations in person-centred studies using the GUiNZs 54-month 

dataset. Key discussion points centre on the importance of holistic, strengths-based, 

and culturally connected ways to understand young children’s capabilities and fairness 

in assessment.  

Following the general discussion, the broader implications of the present research 

will address methodological, practical, research, and policy-related considerations. This 

includes the advantages of person-centred research compared to variable-centred 

studies to better understand children’s capabilities from a holistic lens. A closer look at 

fairness in assessment and the role of measurement invariance testing is highlighted as 

a way to test and mitigate potential bias. Findings may enhance the appropriate use of 

data in understanding children’s capabilities in early childhood practice, research, and 
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policy contexts, which contributes to equitable access to high-quality services in early 

childhood education in New Zealand. Limitations of the study are acknowledged, and 

recommendations for future research are proposed. This chapter concludes with a 

concise summary of the current thesis, underscoring the original contribution to 

advance the application of big data analysis that is holistic, strengths-based and 

responsive to children’s emerging identities.  

7.1 Overview and Summary of Significant Findings  

The overarching purpose of the thesis was to characterise shared patterns of social, 

emotional, language and executive function capabilities among New Zealand children 

in the year prior to school entry through a holistic and strengths-based approach in 

alignment with key principles of Te Whāriki (Ministry of Education, 2017). 

Acknowledging the importance of culture, language and identity, as highlighted in Te 

Whāriki, further underscores the need to recognise the potential for biases in 

measurement that may unequally—and thus unfairly—characterise performance and 

associated patterns for children from different genders and ethnic groups. A necessary 

step in this process was to estimate the potential bias from the child’s gender and 

ethnicity as the covariates to the latent profile factors and examine the comparability of 

the optimal group solution across the child’s gender and ethnic groups. Aligned with 

these purposes, the research was structured in two distinct phases, each addressing 

questions designed to advance knowledge of children’s learning and development 

using the data from the GUiNZs 54-month dataset. As children in New Zealand 
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generally enter formal schooling at 60 months (5 years) of age, this dataset provides 

information about young children’s capabilities, which include prosocial behaviours, 

emotional symptoms, emotional knowledge, expressive and receptive language, and 

executive function before school entry. The period of early childhood is a critical and 

formative phase of learning and development, and children’s early experiences and 

capabilities in this stage have the potential to shape life trajectories (Phillips & Shonkoff, 

2000). 

The research was conducted through secondary analyses of this GUiNZs dataset 

using confirmatory factor analysis (CFA), latent profile analysis (LPA), multiple group 

confirmatory factor analysis (MG-CFA), and Multiple Indicators Multiple Causes (MIMIC) 

modelling, aligned with the two phases of the thesis. Phase 1 confirmed the factor 

structure of the available selected measures (5-item prosocial behaviours and 

emotional symptoms subscales in the SDQ, the 6-item AKT, and the 5-item PROL) 

through CFA and supported the theoretical relevance and appropriateness of these 

constructs for the sample. Latent profile analysis was then used to examine how the 

capabilities clustered with and across groups of children. A 3-group latent profile of 

social, emotional, language, and executive function capabilities was identified. The three 

profiles, representing the Emerging, Progressing, and Competent capabilities, reflected 

overall differences in young children's capabilities.   

Phase 2 initially assessed the MI of the selected measures to ensure the consistency 

of interpreting the constructs across gender and ethnic groups. Due to the data 
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accessibility for PPVT and the nature of count data for the Luria Hand Clap Task, the 

MG-CFA tests were limited to the following measures: prosocial behaviour and 

emotional symptoms subscales in the SDQ, the AKT, and the PROL in the current 

sample. Results suggested partial MI was established for the prosocial behaviours and 

emotional symptoms factors of the SDQ (8.3 Appendix 3) across the child’s gender 

groups, with full invariance observed for the one-factor model of the AKT (8.4 

Appendix 4) and the PROL (8.5 Appendix 5). Similarly, partial MI was achieved across 

ethnicity for each of these measures.   

Phase 2 then treated the child’s gender and ethnicity as the covariates and 

estimated the DIF effects from the covariates to the latent profile factors using MIMIC 

modelling. These tests revealed potential non-invariance in specific measures and 

across profiles in the 3-group model, suggesting the need for caution in the 

comparability and interpretation of findings across diverse populations. Specifically, 

findings suggested sufficient invariance to support the comparability of the 3-group 

model across the child’s gender, but insufficient invariance across ethnic groups, 

indicating that directly comparing the 3-group model across ethnic groups would be 

inappropriate. Key insights from the research will contribute to the knowledge of the 

shared patterns of young children’s social, emotional, language, and executive function 

capabilities in strengths-based, holistic, and culturally connected ways. The sections 

below provide detailed summaries of the research findings.  
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7.1.1 Profiles Observed  

Given the nature of the sample and range of capabilities assessed (i.e., the existing 

interrelationships among social, emotional, language and executive function capabilities 

in young children), the current research hypothesised that subgroups within the sample 

would primarily reflect overall differences in children’s capabilities across the domains 

of development (i.e., a homogenous pattern of association among factors), rather than 

distinct or unique profiles characterised by specific capabilities (i.e., a heterogeneous 

pattern of association among factors). The hypothesis was then evaluated using the 

LPA to identify shared patterns of social, emotional, language, and executive function 

capabilities in young children in the sample overall. Due to the exploratory nature of 

the latent profile analyses, the optimal number of group solutions was not 

predetermined and required a rigorous evaluation of statistical criteria alongside 

theoretical justification.  

A 3-group model was chosen as the optimal solution due to its ability to provide a 

parsimonious yet meaningful representation of the data while capturing genuine 

heterogeneity within the population. The three groups, labelled as Emerging (9.1% 

capabilities lower than peers), Progressing (45.1% capabilities close to average), and 

Competent (45.8% capabilities higher than peers), reflected overall differences in young 

children's capabilities using the GUiNZs 54-month dataset. Specifically, children in the 

Emerging profile scored lowest across the factors (e.g., prosocial behaviours, emotional 

knowledge, language, executive function) and the highest in emotional symptoms. 
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Children in the Competent profile scored the highest in factors except for the lowest 

emotional symptoms, while the Progressing profile scored close to the mean or median 

across these six profile factors.  

Noticeably, the homogeneity in association among children’s capabilities was 

characterised by overall differences across all domains. The observation of profile 

homogeneity in the current work may be attributed to the sample sizes required to 

detect distinct profiles (i.e., a small subgroup of children for whom individual or groups 

of capabilities develop at different rates/degrees), as observed in previous studies such 

as the large Australian study by Collie et al. (2019). Of 100,776 participants in their 

study, 70% identified a homogeneous Social-Emotional (SE) prosocial profile, while 

smaller groups exhibited distinct profiles: SE-anxious (12%), SE-aggressive (13%), and 

SE-vulnerable (5%). In the current work, such distinct profiles may not be detectable in 

the smaller sample size of 5,707 participants, which is insufficient to capture nuances 

observed in larger datasets. Notably, the smallest profile identified in the Australian 

study required an estimated sample size of 7,460 to reliably detect distinct profiles, 

which is larger than the overall sample available in the GUiNZs dataset. The smallest 

Emerging profile identified in the thesis primarily differed in emotional symptoms, while 

other capabilities remained consistent, reflecting homogeneity in the association 

between children’s capabilities.  

The focus on identifying and understanding the pattern of associations among 

characteristics in the current thesis aligns with developmental theories that underscore 
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the holistic nature of children’s capabilities (Bronfenbrenner & Ceci, 1994; Fischer & 

Bidell, 2006; Piaget, 1948; Vygotsky, 1978). Fischer and Bidell (2006) conceptualised 

children’s development as evolving patterns that exhibit stability at any given point. 

Changes in areas of development are dynamic and holistic, contributing to the overall 

trend in patterns of child development (Magnusson, 1995, 2003; Magnusson & Allen, 

1983). The overall differences across domains observed from three profiles—Emerging, 

Progressing and Competent suggest general patterns in children’s capabilities, while 

variations among the three profiles are observed. For instance, children in the Emerging 

profile may require support across all six developmental domains rather than targeting 

a single domain. The holistic view of children’s capabilities compensates for the single-

lens view arising from variable-centred approaches by exploring the ways capabilities 

cluster together, contributing to children’s overall capabilities related to learning and 

development. The findings carry important implications for early childhood education 

in New Zealand, particularly the holistic nature of children’s capabilities implications 

related to the types and intensities of supports and services for young children (i.e., a 

multi-tiered service approach as presented in Te Tūāpapa o He Pikorua and discussed 

in Chapter 5).  

7.1.2 MG-CFA Approach   

In the current thesis, MI tests for prosocial behaviour and emotional symptoms 

subscales in the SDQ, AKT, and PROL through the MG-CFA approach aimed to ensure 

fairness in interpreting the constructs of the measures across gender and ethnic 



265 

 

groups. The partial or full invariance indicated that these measures display a reasonable 

degree of consistency in their measurement of constructs across children’s gender and 

ethnic groups. Children from different genders and ethnic groups respond to these 

measures in a similar and comparable fashion, confirming the robust use of the 

measure in diverse subpopulations.  

 The MG-CFA tests offer several strengths for establishing MI or partial MI, allowing 

for meaningful score comparisons of a measure between groups (Brown et al., 2017). 

MI results validated the constructs for each of the selected measures and provided an 

initial assessment of potential sources of DIF in the mixture model. This helps address 

group differences while guarding against the assumption of population homogeneity, 

where all individuals were drawn from a single population (Muthén, 1989). These results 

further support the evaluation of the comparability of the person-centred model across 

the observed subpopulation. Given the diversity of the early childhood populations, the 

tests also help minimise potential biases from item responses and in interpreting 

constructs (Vandenberg & Lance, 2000). 

While addressing its strengths, it is worth acknowledging the limitations of MG-CFA 

in the current sample and latent profile factors. These include data sparsity, limitations 

of criteria for models using ordered categorical methods and WLSMV estimators, and 

the limitation of potential over-sensitivity in MG-CFA tests. Data sparsity can 

significantly affect parameter estimates, particularly when subgroup sizes constitute less 

than 5% of the overall sample (Collins & Lanza, 2010). This may arise from overall or 
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group sample size and low endorsement of rating scale options, which may reduce the 

accuracy and reliability of the estimates from measurement models (Howe et al., 2024). 

Another limitation in the current thesis is inconsistencies in model fit criteria for models 

using ordered categorical methods and the WLSMV estimator. These inconsistencies 

may complicate invariance assessment due to shifting standards and evaluators, the 

inadequacy of a single criterion for all scenarios and the reliance on varied criteria, such 

as the significance of changes in CFI for nested models (Rutkowski & Svetina, 2014). 

Additionally, the restrictive nature of MG-CFA may be overly sensitive to trivial non-

invariance, potentially identifying insignificant differences as meaningful (Khademi et al., 

2023). However, this over-sensitivity may have a limited impact on the person-centred 

model, which necessitates the assessment of DIF effects on the latent profile factors 

through MIMIC modelling in the current thesis.  

7.1.3 DIF Approach to the LPA Model 

The DIF approach through MIMIC modelling estimated the substantial bias in the 

associations between the covariates (i.e., the child’s gender and ethnic groups) and the 

latent profile factors. This approach also examined whether the nature of the shared 

patterns of capabilities is comparable across the child’s gender and ethnic groups. The 

examination also helps mitigate the risks of introducing biases in the prediction model.  

Results suggested that the child’s gender was a source of DIF effects for all six 

profile factors, while ethnicity was identified as a source of DIF effects for five factors, 

except for prosocial behaviours. For gender, significant uniform DIF effects were 
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observed for prosocial behaviours, emotional symptoms, and expressive language, 

while non-significant uniform DIF effects were observed for emotional knowledge 

across profiles. Non-significant nonuniform effects for receptive language and 

executive function were observed. Despite the presence of these effects, their 

magnitudes were negligible or small, suggesting sufficient invariance allowing for the 

comparison of the 3-group model across gender groups. For example, a significant 

uniform DIF effect with a small magnitude was observed in prosocial behaviours across 

gender groups. This suggested that the DIF effects on prosocial behaviours were 

consistent across three latent profiles, allowing for meaningful comparisons across 

gender across and within the profiles.  

However, DIF effects varied within and across profiles for ethnicity. Except for no-

DIF prosocial behaviours, significant uniform DIF effects were found for emotional 

symptoms among Māori, Pacific, and Asian children across the three profiles. 

Nonuniform DIF effects were observed for executive function, emotional knowledge, 

and expressive and receptive language, with the significance of these effects varying 

across ethnic groups and profiles. For example, small effect sizes(|β|<0.20) were 

observed for Māori children (Emerging profile) and Pacific and Asian children 

(Competent and Progressing profiles). Medium effect sizes (0.2≤|β|<0.50) were found 

for Pacific and Asian children (Emerging profile). Non-significant nonuniform DIF effects 

appeared in emotional knowledge for Other ethnicities. These results highlight 

insufficient invariance to support the comparability of the 3-group model across ethnic 
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groups. Although the three latent profiles—Emerging, Progressing, and Competent-

were identified in the overall sample, along with the overall differences observed 

between factors, the shared patterns of capabilities do not remain consistent across 

ethnic groups. Hence, reporting the overall patterns of capabilities by ethnicity would 

be inappropriate.  

The DIF approach was key to addressing unbiased estimates of children’s 

capabilities across diverse populations. Research that ignores or avoids DIF effects in 

mixture models may introduce bias into model comparisons (Masyn, 2017). In the 

current work, assessing the 3-group model of children’s capabilities across ethnicities 

without accounting for DIF effects on latent profile factors may lead to inaccurate 

conclusions on the model comparisons. Such an approach may produce biased 

estimates for how ethnicity predicts the latent profile, potentially misinterpreting the 

true differences in profile factors across ethnic groups. The current work addressed the 

importance of acknowledging the limitations of the data by incorporating the DIF 

approach to account for DIF effects. The current work also cautioned against the 

assumption that all latent profile factors were presumably equally interpreted across 

gender and ethnicity among young children, thereby ensuring more rigour and 

avoiding biased interpretations.  

7.1.4 Overall Discussion  

The current research is supported by and extends on previous research that has 

used a holistic approach to examine children’s learning, development, and health using 
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the GUiNZs 54-month dataset (i.e., McLaughlin et al., 2024; Russell et al., 2022). Table 

7-1 presents an overarching summary of the McLaughlin et al. (2024) and Russell et al. 

(2022) research alongside the current research. Each study used the 54-month data, 

with variations in sample sizes likely related to study inclusion criteria and how each 

study addressed missing data. For example, my research included participants with data 

from at least one observational task completed in the 54-month dataset.  

The table presents aspects of the studies that were similar or different regarding 

the analysis methods used, domains of interest, and the GUiNZs measures that were 

selected. The table also shows the number of profiles identified in the optimal solution, 

any names or labels applied to each profile, along with the proportion of the sample 

and a description of key features.   
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Table 7-1  

Three Person-Centred Studies Using the GUiNZs 54-Month Dataset 

Citation Analysis methods Domains of interest Measures of profile indicators Numbers and labels of profiles  Percent of 
Sample 

Description 

Russell et 
al. (2022) 
 
n=6109  

latent profile analysis 
(LPA); 
multinomial regression 

physical health, motor 
development, 
socioemotional and 
behavioural 
development, 
communication, and 
learning 

(1) Strengths and Difficulties 
Questionnaire (SDQ)  

(1) healthy 52.6% better than average mean scores in six of the seven 
health and development variables 

(2) The Affect Knowledge Test  (2) early social skills flourishing 14.5% lowest mean scores for behavioural difficulties and 
highest mean scores for emotional knowledge skills 

(3) Hand Clap Task (3) early learning skills 
flourishing 

4.0% highest mean scores for executive function skills and early 
literacy skills 

(4) Dynamic Indicators of Basic Early 
Literacy Skills (DIBELS) 

(4) early learning difficulties; 19.5% mean scores for executive function skills and early 
literacy skills were lower than other profiles 

(5) Gross and motor skills scale (5) physical health difficulties 5.6% mean scores for acute health problems and chronic 
health problems were higher than other profiles 

(6) Number of chronic medical 
conditions and acute health problems 

(6) difficulties in development  3.7% low scores across all health and development variables 

Mclaughlin 
et al. 
(2024) 
 
n=5725 

confirmatory factor 
analysis (CFA); 
latent profile analysis 
(LPA); 
multinomial regression; 
Multiple group 
confirmatory analysis 
(MG-CFA) 

behavioural strengths 
and difficulties, oral 
language ability, 
executive function, 
pre-academic skills, 
gross motor 
functioning, receptive 
language ability 
 
 
 
 

(1) Prosocial behaviours and emotional 
symptoms subscales in the Strengths 
and Difficulties Questionnaire (SDQ)  

Profile 1 14.9% strengths in emotional security and preacademic skills, 
with relative needs in prosocial behaviour 

(2) Parent Rating of Oral Language 
(PROL) 

Profile 2 15.0% similarities to peers across all areas with relative needs in 
prosocial behaviour 

(3) Hand Clap Task 
(4) DIBELS Letter Naming Fluency task, 
Name and Numbers tasks 

Profile 3 37.2% strengths in receptive language and preacademic skills, 
with relative needs in gross motor and  
prosocial behaviour 

(5) Gross and motor skills scale Profile 4 17.3% below-average scores across all areas, with relative 
strengths in prosocial behaviour, emotional  
security, and gross motor functioning 

(6) Peabody Picture Vocabulary Test 3rd 
edition (PPVT-III) 

Profile 5 15.6% strengths above the sample means in all areas, 
particularly in prosocial behaviour and receptive language 

current 
work 
 
n=5707 

confirmatory factor 
analysis (CFA); 
latent profile analysis 
(LPA); 
multinomial regression; 
multiple group 
confirmatory analysis 
(MG-CFA); 
differential item 
functioning (DIF) 

prosocial behaviours, 
emotional symptoms, 
emotional knowledge, 
expressive language, 
executive function, 
receptive language 

(1) Prosocial behaviours and emotional 
symptoms subscales in the Strengths 
and Difficulties Questionnaire (SDQ)  

(1) emerging 9.1% capabilities that were lower than their peers in other 
profiles 

(2) The Affect Knowledge Test  (2) progressing 45.1% close to average capabilities 

(3) Parent Rating of Oral Language 
(PROL) 

(3) competent 45.8% the highest capabilities relative to peers 

(4) Hand Clap Task 
   

(5) Peabody Picture Vocabulary Test 3rd 
edition (PPVT-III) 

   



271 

 

Consistencies and differences between the current research and two other person-

centred studies within the GUiNZs provide a unique opportunity to explore key issues 

related to children’s learning and development in New Zealand. This includes the 

importance and insights gained from using a person-centred approach to child data, 

the different patterns of characteristics observed when different combinations of 

indicators are included, and differences in overall focus when research is presented 

from a deficit or strengths-based perspective. This also includes an opportunity to gain 

an overarching takeaway about children’s learning and development in New Zealand 

by drawing across the 3 studies. Finally, differences in the treatment and analysis of 

gender and ethnicity across the studies highlight the unique and important 

contribution of the present study to advance the methods used with children’s learning 

and development data to ensure the appropriate use of measures and fairness in 

assessment.  

First, all three studies are person-centred, adopting a holistic approach to explore 

how capabilities cluster together within a New Zealand preschool-aged cohort, 

differentiating from variable-centred studies. Prior to these three studies, research 

conducted with the GUiNZs 54-month data focused on specific aspects of children’s 

learning and development and key associations cross-sectionally or longitudinally (cf., 

Buckley et al., 2019; D'Souza et al., 2019; Jan et al., 2021; Neumann et al., 2019). The 

focus on single domains of importance often arises from variable-centred approaches 

to exploring child outcomes (Howard & Hoffman, 2018; Laursen & Hoff, 2006). A 
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variable-centred approach focuses on the associations between individual variables, 

whereas a person-centred approach integrates the interconnectedness of variables 

through a holistic lens (Howard & Hoffman, 2018). For example, the study McLaughlin 

et al. (2024) identified five profiles that represented a snapshot of holistic learning and 

development in young children. They argued for the need for a nuanced approach to 

measuring and assessing children’s data, one that is responsive to the holistic patterns 

of children’s learning and development. Similarly, Russell et al. (2022) generated six 

profile patterns of children’s health and development outcomes and highlighted the 

need to cluster children’s health and development outcomes on a continuum, and 

related that to socioeconomic and ethnic inequities in children's developmental health. 

Consistent with these two studies, the 3-group model in the current research viewed 

social, emotional, language and executive function capabilities in young children 

holistically, reflecting the integrated and multifaceted nature of child development. 

Taken together, these studies collectively addressed the importance of investigating key 

areas of development in a holistic lens within health and education services, rather than 

targeting single domains. 

Second, while all three studies focused on different combinations of indicators, only 

the two prior studies resulted in unique patterns. The current research identified overall 

differences in the patterns of children’s capabilities, rather than distinct patterns. 

Different combinations of selected indicators allow for specific distinctions, which can 

lead to variations across LPA models and impact the selection of optimal group 
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solutions in person-centred studies (Bauer, 2022). In Table 7-1, studies by McLaughlin 

et al. (2024) and Russell et al. (2022) show consistency in social, emotional, language, 

executive function and motor skills indicators, with differentiation primarily arising from 

their focus on health outcomes and pre-academic skills. The current research examined 

the capabilities common to the two studies, including social, emotional, language and 

executive function, but without the pre-academic, motor skills, and health indicators. 

Given the established interconnections among social, emotional, language and 

executive functions in the existing literature, it is not surprising that homogeneity was 

observed across the capabilities from the 3-group model in the current work, which 

exhibits overall differences in children’s capabilities. 

Third, across the three studies, the focus on a strength-based perspective, which is 

strongly advocated for in early education settings, differed. McLaughlin et al. (2024) 

and the current research specifically highlighted a strengths-based perspective, aligned 

with perspectives in Te Whāriki and early childhood research. For McLaughlin et al. 

(2024), this involved the decision of not labelling the profiles and describing them 

based on learning support needs. For the current study, the labelling of profiles worked 

from the position that all children have growing capabilities and are in different places 

along their unique journey. In contrast, the Russell et al. (2022) study occurred in the 

context of health research, which is often more focused on risk and prevention of 

negative health outcomes. Within early education, the type of labelling of profiles as 

having difficulties might be characterised by a deficit-focused perspective. Deficit-



274 

 

focused narratives provide insights into social, emotional, and academic development; 

however, such perspectives may overlook children’s strengths, growth, and 

developmental changes over time while disproportionately addressing atypical 

development (Albritton et al., 2023). This approach may also reinforce bias and create 

challenges for promoting inclusivity in education settings (Black-Hawkins, 2017). The 

strengths-based perspective and assessments, as reflected in Te Whāriki, support 

positive views of child development that understand the diverse capabilities and needs 

in children’s learning and development, rather than focusing on deficits or risks 

(Galloway et al., 2016; Madsen Sjö et al., 2021). Aligned with the strengths-based 

perspective in Te Whāriki, the selection of the measures to portray the latent groups in 

the current research centred on children’s strengths, such as prosocial behaviours and 

emotional knowledge. The inclusion of the SDQ and particularly the emotional 

symptoms subscale was an exception to this strengths-based focus and is further 

discussed in the limitations section of this chapter. Nonetheless, a strength-based 

approach to working with children’s learning and development data emphasises 

children’s strengths across domains of development. 

Fourth, a promising finding across all three studies is that the majority of children 

were identified as progressing well or with strengths in key areas of learning and 

development. Across all three studies, less than 20% of children were identified as 

needing more support for their health, learning or development. The study by 

McLaughlin et al. (2024) identified 17.3% of the children as below the average across all 
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areas of development, while the study by Russell et al. (2022) found 3.7% of children 

identified as having difficulties across the areas of development. Consistent with these 

studies (McLaughlin et al., 2024; Russell et al., 2022), the current research also suggests 

that most children demonstrate adequate capabilities, with only a small proportion 

(9.1%) of children in the Emerging profile identified as having lower capabilities than 

their peers across all areas of development. This provides implications for education 

services designed to accommodate the capabilities across areas and prioritise inclusivity 

for all children. Targeted services should be tailored to address the specific needs of a 

small proportion of children with lower capabilities, without neglecting the needs of the 

wider early childhood population. Related to this, McLaughlin et al. highlighted the 

multi-tiered system of support framework referred to as Te Tūāpapa o He Pikorua 

(Ministry of Education, 2020), which was also described in Chapter 5 of the present 

research, to highlight that it is typical and expected that different proportions of 

children will need varying levels of support within the context of high-quality early 

learning services.  

Fifth, and finally, all three studies used ethnicity and/or gender as key covariates 

but approached them differently through distinct analytical techniques. The study by 

Russell et al. (2022) explored the association between ethnicity and latent profiles to 

help explain the underlying factors contributing to the inequalities in children’s 

development and health. They reported the associations between optimal group 

solutions and ethnicity through multinomial regression analyses and compared the 
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group membership across ethnicities. They reported that children of Māori and Pacific 

ethnicity had increased odds of being classified with a sub-optimal health profile.  

Notably, they did not conduct MI tests to confirm that the measures were equitably 

understood and interpreted across ethnic groups. Instead, they highlighted the 

importance of using appropriate measures of fairness and equity in their discussion, but 

these were not systematically tested.  

McLaughlin et al. (2024) conceptualised gender and ethnicity as children’s 

emerging identities and explored MI before conducting latent profile analysis of 

children’s learning and development to address the diversity and inclusivity in early 

childhood settings, while highlighting the effectiveness of measurements. Their work 

also identified full and partial MI for some of the measures and included a range of 

measures in which MI could not be tested. Due to this, the authors acknowledged that 

comparative statements about the distribution of children’s learning and development 

profiles by gender and ethnicity without further tests to determine the comparability of 

profiles were not advisable.  

The present thesis advances these studies by employing a more comprehensive 

mixture model that accounts for the potential biases introduced by gender and 

ethnicity as covariates to the latent profile factors. Building on prior research testing MI 

in person-centred models (Bettencourt et al., 2022; Masyn, 2017; McLaughlin et al., 

2024; Tsaousis et al., 2020), the current research estimated the potential biases in the 

LPA using the DIF approach via MIMIC modelling, suggesting that the 3-group model 
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is comparable across gender groups but not across ethnicity. This means that 

participants from diverse backgrounds, such as gender and ethnic groups, may 

understand the constructs of the measures differently, which may pose biases in the 

responses. Given the impact of diverse identities on development capabilities, the 

effectiveness of measurements and the fairness in understanding children’s learning 

and development, it may be challenging to develop comparable measures that account 

for their diverse identities. These findings have significant implications for 

methodological, practice, research, and policy implications, as elaborated in the 

implications section. 

7.2 Implications 

7.2.1 Methodological and Practical Implications 

The current study highlights the need to characterise and quantify young children’s 

social, emotional, language and executive function capabilities in strength-based, 

holistic, and culturally responsive ways. The optimal 3-group model reflecting overall 

differences in young children’s capabilities across the domains of development, may be 

useful for early childhood educational research and practices, service design, and 

policy. 

7.2.1.1 Person-Centred vs Variable-Centred Approach.  

The holistic, person-centred approach reflects the shifting tide to explore 

methodologies to better understand and account for children’s capabilities in holistic 

and culturally responsive ways. A person-centred approach provides a more 
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comprehensive understanding of child development than a variable-centred approach 

(Bergman et al., 2015). The variable-centred approach assumes that participants’ 

characteristics are homogeneous, implying that participants belong to the same 

population (Ferguson et al., 2020). This approach often reflects a single-lens 

perspective, which may only capture information about the domains under 

investigation in a way that may not reflect the finer details of associations between 

domains (Bergman & Trost, 2006). In contrast, the person-centred approach considers 

domains holistically, rather than focusing solely on a specific domain. The approach 

allows for a broader yet more nuanced exploration of the association between domains 

and individual differences in child development (Bergman & Trost, 2006). Such holistic 

views of children’s capabilities recognise children as complete entities and underscore 

the dynamic interaction between various aspects of child development alongside 

influences that drive learning and development.  

The current research offers additional methodological and practical implications on 

fairness and MI and relevance to early childhood education, which are discussed 

separately in the following sections.  

7.2.1.2 Fairness and MI. 

A second methodological implication of this research concerns the fairness of 

assessments as a quality of inclusivity in the education context. Educational assessment 

is critical to informing educators about teaching and learning. Unbiased assessment is 

at the heart of upholding inclusivity and fairness in the education context, and 
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assessments must be conducted impartially (Tierney, 2017). First, the selection of 

measures must align with a rigorous and meaningful understanding of the capabilities 

of the diverse child population. The inability of the measures to accurately reflect the 

true characteristics of certain groups may undermine the transparency and reliability of 

information regarding children’s capabilities (Putnick & Bornstein, 2016). Specifically, 

measures that are broadly applicable to the overall child population may not capture 

the unique characteristics of specific subpopulations that are explicitly considered. 

When measures are not well-suited to certain observed groups, the resulting 

conclusions may potentially be biased, thereby compromising the validity of the 

findings. Second, the presence of measurement bias may result in inaccurate or 

misleading conclusions about children’s capabilities (Wu et al., 2017). For example, 

researchers may interpret differences observed as true differences in children’s 

capabilities. However, the differences observed may result from the measurement bias, 

potentially leading to the misinterpretation of the findings. Hence, it is important to 

actively attend to bias in assessment to help ensure fairness in using data and 

interpretation of the results. 

In the current work, MI tests through MG-CFA and the DIF approach via the MIMIC 

modelling technique provide insights into examining the presence of measurement 

bias. MI tests through MG-CFA assessed whether the constructs of the measures were 

understood equivalently across gender and ethnic groups. However, MG-CFA could 

not be applied to the PPVT-III due to data unavailability, nor to the Luria Hand Clap 
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tasks due to the nature of the count variable of the Luria Hand Clap task in the GUiNZs 

54-month dataset. The absence of invariance tests for these two measures may impact 

the invariance of the 3-group model. To address the limitation, the DIF analysis was 

employed as it compensates for the constraints of the MG-CFA by accounting for 

potential biases in measures at the model level, especially the two measures that could 

not be tested through MG-CFA. The DIF analysis also allows for estimating and 

comparing models that account for nonuniform and uniform DIF effects from the 

covariates to the latent profile factors (Bettencourt et al., 2022; Masyn, 2017; Tsaousis et 

al., 2020), which helps address issues in measurement, such as equivalency and biased 

responses across groups (Masyn, 2017). Therefore, the use of MG-CFA and the DIF 

approach in the current work serves as an example of how assessment can incorporate 

appropriate use of measures to support fair interpretation and comparisons in future 

research.  

Ensuring fairness in interpreting results through MI tests reflects a nuanced 

understanding of the diverse identities that may influence child development. 

Children’s diverse cultural backgrounds and characteristics, such as ethnicity, may 

impact the capabilities assessed (Ministry of Education, 2017). The thesis identified 

gender and ethnicity as key aspects of children’s emerging diverse identities and 

evaluated their educational relevance in development through MI tests, which offer 

insights into children’s diverse identities by treating these identities in a fair and 

equitable manner. By assessing the measurement invariance at the construct- and 
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model-levels across these subpopulations, the current work draws meaningful 

conclusions that support generalisations and comparisons of the findings associated 

with these identities. For instance, the comparison of the 3-group model across 

ethnicity did not proceed due to the lack of invariance in the factors of the 3-group 

model across ethnic groups, leading to the incomparability of the model observed in 

Chapter 6. This mitigates the risks of overlooking the heterogeneity in the 

subpopulations, which could potentially mislead conclusions. This approach highlights 

the importance of considering the indirect impact of children’s diverse identities on 

early learning services, local curricula, and assessments, which must be tailored to 

reflect the distinct cultures and ethnicities that shape children’s upbringing in New 

Zealand. Such insights may contribute to supporting equity and inclusive practice by 

acknowledging how children’s emerging identities impact their learning and the fair 

and unbiased assessment of their learning within the New Zealand context.  

7.2.1.3 Relevance to Early Learning. 

Children’s social, emotional, language, and executive function capabilities represent 

key areas of learning and development, necessitating a strengths-based, holistic view 

to effectively recognise the interconnectedness of these areas (Magnusson, 1995). Part 

of the intricacy and interconnectedness is reflected in the current early childhood 

curriculum—Te Whāriki, which views the child as a ‘whole learner’ (Ministry of 

Education, 2017). Building on these perspectives, Te Whāriki states that assessment 

makes valued learning visible. While the statement is intended for early childhood 
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teachers, it could equally be informative to researchers and policymakers. What we 

assess, how we assess, and how we analyse the assessment of children matter. This 

thesis aimed to be guided by values relevant to young children’s learning as identified 

in Te Whāriki. These included taking a holistic, strengths-based, and culturally 

responsive view of children.  

Early childhood teachers should develop a holistic understanding of children’s 

learning and development through assessments and evaluations. As highlighted in the 

Early Learning Action Plan (Ministry of Education, 2019b), high-quality early learning 

requires teaching staff to possess expertise and culturally responsive knowledge to 

support positive learning and development trajectories, ensuring children’s holistic 

development. The current thesis helps teachers gain insights into the unobserved latent 

subgroups, recognising that children’s learning and development generally follow a 

predictable sequence. The 3-group model with overall differences observed in young 

children’s capabilities and a small proportion of children having lower capabilities than 

their peers suggests that teachers must address these capabilities in an integrated 

manner. This means that understanding how children’s capabilities cluster together to 

support their daily function while also acknowledging individual variations in child 

development that some children may experience slower progress in certain areas and 

may require further assessment, targeted intervention and support (Ministry of 

Education, 2017). Teachers should recognise general development patterns in children’s 

developmental stages and provide children with developmentally appropriate services, 
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as these insights into the skills young children are likely to acquire at different stages of 

their early years. This holistic view of child development can optimise children’s learning 

outcomes and assure them of high-quality early learning experiences.  

The person-centred, holistic approach to understanding young children’s 

capabilities may have important implications for early childhood services. In the current 

thesis, the 3-group model revealed overall differences in young children’s capabilities, 

which did not result in distinct profiles. This aligns with the multi-tiered approach of 

support in Te Tūāpapa o He Pikorua (Ministry of Education, 2020), which is an 

evidence-informed, multi-tiered approach to supporting inclusive learning. The tiered 

support is dynamic and integrated, from universal (Tier 1) to targeted (Tier 2) and 

individualised (Tier 3), based on children's strengths, needs, and progress. Tier 1 

addresses the support for all children. Consistent with Tier 1, children whose individual 

profiles align with the Competent and Progressing profiles in the current work may 

require support to strengthen their strengths. Tier 2 provides targeted support to those 

who require additional adaptation. Children whose individual profiles align with the 

Progressing profile may need support for receptive language, executive function or 

other areas of development based on their unique capabilities at the local level. Tier 3 

offers individualised support for children with more learning support needs. Children 

whose individual profiles align with the Emerging profile may require support across all 

capabilities. Therefore, it is useful to consider the 3-group model in relation to Te 

Tūāpapa o He Pikorua in terms of the support children need for their capabilities and 
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development (McLaughlin et al., 2024). 

7.2.2 Research Implications  

The data processing and analytical procedures in the present study were designed 

to ensure the rigour of research findings, reflected by including factor scores as 

indicators of the LPA and the DIF approach to testing DIF effects in the current thesis. In 

the thesis, due to the unknown invariance of the PPVT and the Hand Clap Task scores, 

the use of factor scores representing latent profile factors may improve the 

convergence and reduce the impacts of using non-invariant indicators in the mixture 

models (Nylund-Gibson & Masyn, 2016; Wang et al., 2022). By implicitly controlling for 

measurement errors, the use of factor scores offers a more robust alternative than scale 

scores, thereby improving the validity of conclusions drawn from the data. Moreover, 

the DIF approach is flexible in accommodating various types of covariate variables and 

latent profile factors, enabling more accurate estimation and comparison of models 

than approaches such as MG-CFA (Masyn, 2017; Tsaousis et al., 2020). This method 

provides potential nuances and different perspectives on a phenomenon by identifying 

sources of non-invariance that may impact the comparability of the person-centred 

model. It reflects robust data processing and analysis, ensuring the rigour of research 

by providing a more comprehensive understanding of the data and findings. Based on 

the work presented in this thesis, it is recommended that future research focused on 

children’s learning and development should specifically address the advantages and 

limitations of the types of scores used for analysis and the specific analytical techniques 
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that accommodate the variables of interest.  

The measurement non-invariance across ethnic groups highlights the need for 

both developing culturally responsive assessment tools and critically evaluating existing 

measurement tools that validly capture capabilities across diverse populations (Padilla 

& Medina, 2001; Thomas et al., 2010). The development of such tools and the 

evaluation of the existing tools should emphasise participants’ identities and cultural 

backgrounds, recognising these as integral to the capabilities or constructs examined. 

This requires close collaboration with the ethnic communities to ensure the constructs 

being measured, the language used, and the overall design are meaningful and reflect 

culturally grounded values, norms, and perspectives. Additionally, adopting mixed 

methods may help address the limitations of existing tools. Such an approach allows for 

a better understanding of the socially and culturally situated capabilities that may relate 

to being viewed as competent within a given domain. In doing so, it helps mitigate 

potential sources of bias and provides a more comprehensive account of contextually 

grounded insights into children’s capabilities. This perspective highlights the need for 

ongoing critique and refinement of existing measures. 

7.2.3 Policy Implications 

The findings of the current thesis have potential policy implications for how 

capabilities are understood and supported through policy initiatives and teaching and 

learning services. Government funding initiatives and programmes are designed to 

address health, social, educational, and economic challenges in ECE, to bridge gaps 
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between diverse populations and to improve outcomes. Evidence-based policy must 

address both technical and normative constraints in measuring outcomes, with 

particular attention to the quality of the measures used for policy purposes. Current 

education frameworks, such as the Te Tūāpapa o He Pikorua and Te Whāriki, consider 

various aspects of children’s strengths and needs, reflecting a holistic approach to 

supporting children’s learning and development. A focus on flexible, tailored and tiered 

support programmes in ECE may enhance lifelong outcomes by considering aspects of 

children’s learning and development through a holistic lens by focusing on all domains 

of learning and development within a population-based model. Tailored support, 

including universal, targeted, and individualised support, identifies both similarities and 

differences in young children’s capabilities. This is important for advancing modern 

policy development by incorporating and prioritising person-centred methods to 

examine children’s learning and development holistically. Policies in designing initiatives 

should prioritise children’s diverse capabilities and identities to support children’s 

learning holistically and from a strengths-based perspective that addresses children’s 

unique identity, language, and culture.  

7.2.4 Theoretical Implications 

The findings of homogeneous profiles—characterised by generally high, medium, 

or low levels across all domains—may suggest important theoretical considerations 

about the uniformity and interconnection of children’s capabilities. Specifically, the 

homogeneous patterns suggest that children’s capabilities are interconnected and tend 
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to co-develop in an integrated manner at 54 months, reflecting developmental theories 

that involve developmental mechanisms and environmental contexts. According to 

Piaget, children at this age are in the preoperational stage, during which social, 

emotional, language and cognitive abilities develop simultaneously, leading to parallel 

growth across domains (Piaget, 1983). Moreover, the interdependence of cognitive 

functions and active knowledge construction through environmental interaction 

reinforces the uniformity of capabilities. Similarly, the dynamic system theory views 

children’s capabilities and development as an integrated process where multiple 

capabilities emerge together over time (Eynde & Turner, 2006; Fischer & Bidell, 1998; 

Lewis, 2000). Sameroff’s transactional model of development explains the continuous 

and reciprocal interactions between the child and their environment (Sameroff, 2010). 

Early experiences in one domain can influence other domains, creating mutually 

reinforcing growth that contributes to the uniformity.  

The homogenous patterns may also suggest that, in the early childhood stage, 

individual differences are more quantitative, with children’s capabilities varying in 

overall level—generally high, medium, or low in each profile—rather than qualitative, 

where patterns of capabilities across domains would be distinguishable from others 

(e.g., high-low-high, or high-medium-medium within each profile). The identified 

overall differences in level resonated with the broader notion of stage-based 

development from Vygotsky's theories, which highlight that children tend to show 

similar levels of abilities across multiple domains at similar stages (Vygotsky, 1962). 
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Additionally, the domains selected and the measures used in research may shape 

the patterns observed in children’s capabilities, influencing both the theoretical 

implications drawn from the findings and the guidance available for instructional 

support. In the thesis, the domains examined provide an overview of children’s social, 

emotional, language and executive function capabilities, while an in-depth exploration 

of subdomains using appropriate measures may result in distinct patterns that inform 

targeted instructional strategies. For instance, within emotional capabilities, measures of 

emotional knowledge, emotional recognition, emotional expression, and emotional 

regulation can provide more targeted insights into children’s emotional capabilities, 

enabling educators to plan instructional support that is both precise and holistic 

(Denham et al., 2012). Moreover, the inclusion of academic measures addresses both 

children’s capabilities and exposure to learning experiences, underscoring the 

importance of considering both developmental and contextual factors when planning 

support (McLaughlin et al., 2024).  

7.3 Limitations of the Research and Future Directions       

The thesis advances knowledge of shared patterns of young children’s social, 

emotional, language, and executive function capabilities; it is essential to acknowledge 

the overarching limitations associated with this research overall. In addition to the 

limitations specific to each study addressed in their respective chapters, this section 

offers a brief overview of the limitations. Building on the discussions and limitations, this 

section also provides a clear understanding of the challenges encountered throughout 
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the research process and suggests potential directions for future studies.  

7.3.1 Summary of Limitations 

The limitations discussed in the previous chapters primarily stem from the choices 

of the research design, measures, and the restricted sample. The following is a 

summary of the limitations identified in the current study. Some of these limitations are 

phase-specific and have been previously discussed in Chapters 5 and 6, while others 

are overarching in nature and identified across the phases of the research. 

Although the research design and decisions—such as the selection of variables—

were made thoughtfully to align with the research aims and the available data in the 

GUiNZs 54-month dataset, the lack of external validity and absence of longitudinal 

analysis represent key methodological limitations. The absence of validation regarding 

how the 3-group solution of children’s capabilities relates to subsequent outcome 

variables may limit the ability to assess the predictive utility and meaningfulness of the 

profiles. The cross-sectional design does not allow for the examination of 

developmental trajectories or causal relationships between the 3-group solution and 

outcome variables over time. With such limitations, it remains unclear whether the 

identified profiles can reliably inform the developmental trajectories of children’s 

capabilities or apply the conclusions to broader populations of young children. 

Together, these limitations highlight the need to incorporate longitudinal designs and 

validation against outcome variables to enhance the robustness of the findings. 

The selected measures reflect a limited understanding of children’s capabilities. For 
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example, there are limitations in child observation tasks, such as the Affect Knowledge 

Test (AKT) and the Luria Hand Clap Task, which may not fully align with children’s day-

to-day experiences and cultural backgrounds. These tasks may be unfamiliar or less 

relevant to some children, which may impact their performance. Furthermore, the 

current research could not validate the raw scores of PPVT-III through CFA due to 

restricted data access. Similarly, the Hand Clap Task could not be validated as its 

scoring is based solely on count variables, limiting the precision of performance 

evaluation. While including single-ethnicity categories for analysis ensured adequate 

sample sizes for the analytical methods in both phases, this approach overlooked dual- 

or multiple-ethnicity groups, which limits the understanding of the diverse population. 

Moreover, the child’s gender was measured by the birth sex, which may not be able to 

capture the contemporary identities of gender. The complexities and fluidity of 

children’s identities can create challenges for the operational definitions of variables 

that have a sufficient sample size for analytic purposes. The ways these identities were 

measured and understood have important implications and limitations for assessing 

children’s developmental outcomes and addressing inequities.  

The current research did not report the profiles fully from a strengths-based lens, 

particularly in terms of emotional symptoms, which were framed as difficulties or 

problems in the SDQ subscales. Given the complexity of child development and 

assessment, it is challenging to use perfect data that captures all potential sources of 

information about child development in ways aligned with the current research. 
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Specifically, the nature and quality of measures used in New Zealand associated with 

children’s capabilities are often deficit-focused and tend to be applied to the overall 

population rather than considering the diversity within the population and testing the 

invariance of the measure before use (Carr, 2001; Niles, 2015). The current study used 

what was available in the GUiNZs 54-month dataset to gather information that reflects 

children’s strengths. In the current research, the strengths-based approach sees 

‘problems’ or ‘difficulties’ as areas of potential growth and learning support in a 

broader context of child development rather than areas that need to be fixed and as 

characteristics of individual children, which is a more common perspective in a deficit-

based approach (McMillen et al., 2004).  

Although the secondary datasets the GUINZs are broadly representative of the 54-

month-old children in New Zealand, the sample was gathered in limited geographical 

regions and time, including the Auckland, Manukau, and Waikato District Health 

Boards, where children aged 54 months were born between 2009 and 2010. This means 

that the capability profiles generated in the current work may be limited to time and 

space, and may not fully reflect the reality of 5-year-olds today. Today’s 5-year-olds 

grew up during the COVID-19 lockdowns, and their childhood experiences may display 

variations in the patterns of capabilities compared to children born and raised in the 

pre-COVID era. The COVID-19 pandemic has had significant indirect impacts on 

children’s socialisation skills, physical and mental health, and educational attainment 

(Mulkey et al., 2023). Emerging research has shown that children who grew up during 
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the pandemic had reduced social interaction associated with children’s early language 

and social development (Putnick et al., 2023), more opportunities for e-learning, which 

may relate to behavioural problems, lower vocabulary knowledge and delayed 

developmental milestones (McArthur et al., 2022). Parents, practitioners, and educators 

must consider the child’s ‘COVID-19 pandemic experience’ as an important factor 

influencing their current development. With this in mind, children’s development and 

their needs may differ from those of previous generations. Therefore, findings from the 

current work may not fully reflect children’s capabilities today due to the population-

specific nature of the data. It is important to contextualise findings with respective 

timeframes and ensure the most up-to-date information is used to inform policy 

decisions. 

Finally, the data analytical procedures in the current research may present several 

methodological constraints that may impact the interpretation of the findings. 

Methodological decisions, including approaches to handling missing data, ethnicity 

prioritisation, and parameter specifications, were carefully made based on the 

researcher’s knowledge and interpretations, informed by child development theories 

and statistical justifications for assessing model fit. Such decisions may inherently 

involve subjective elements that may result in variations in the interpretation of findings 

if approached differently by other researchers. For example, the interpretation of the 3-

group model (Emerging, Progressing, and Competent ) of young children’s social, 

emotional, language, and executive function capabilities was guided by the 
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perspectives in early childhood education, especially Te Whāriki. Other researchers may 

interpret these group solutions in different ways, such as low, medium, and high 

achievement in these capabilities. Therefore, it is important to exercise caution in 

methodological decisions, as distinctions in interpretations may arise.  

7.3.2 Future Directions  

Future research may pursue alternative directions. 

First, additional areas of development may be considered to broaden the scope of 

young children’s capabilities as outlined by Te Whāriki, such as children’s physical or 

motor development. Although physical and motor development are important aspects 

of early childhood, they were excluded from the present study, which prioritised 

domains aligned with the researcher’s expertise and allowed for in-depth analysis of 

the key areas within the defined scope.  

Second, future research may benefit from examining more diverse samples of 

young children and incorporating additional variables related to their social, emotional, 

language, and executive function capabilities. Notably, children with neurodivergence 

or disability were not explicitly identified in the current dataset and represent only a 

small proportion of the population. As such, they were not included in the latent profile 

analysis. However, these factors may influence both children's engagement with 

assessment tools and their representation across latent profiles. Accounting for the 

diverse ways in which neurodivergent or disabled children process information, 

communicate, and regulate behaviour could help mitigate measurement bias and more 
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accurately reflect their underlying capabilities. Furthermore, previous research suggests 

that disability classifications may not reliably capture children's functional abilities and 

may therefore have limited utility in the formation of latent profiles (McLaughlin et al., 

2015). Further investigation into the intersection of young children’s capabilities, 

disability classifications, and the utility of latent profiles is warranted. 

Third, selecting statistical analysis techniques that align with the research objectives 

is essential for ensuring the transparency and rigour of the research design. 

Researchers’ methodological decisions significantly shape research outcomes and their 

broader implications. While no single method can be deemed universally superior, as 

each technique has its strengths and limitations, the selection process should be guided 

by the specific research aims, questions, and contextual factors of the study (Opoku et 

al., 2016). In the current work, compared to other clustering methods, mixture 

modelling techniques offer the advantage of rigorously generating profiles of young 

children’s capabilities. These techniques allow researchers to examine differences in the 

population in two ways: qualitative, by capturing heterogeneous patterns of 

associations within a population, and quantitative, by identifying homogeneous 

patterns within a population. This approach provides a nuanced understanding of the 

diverse characteristics of the populations (Collins & Lanza, 2010).  

Fourth, methodological refinements, such as the use of other advanced statistical 

techniques, may be needed. The current thesis employed a cross-sectional rather than 

a longitudinal design. Research investigating whether or how the shared patterns of 
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young children’s social, emotional, language and executive function capabilities change 

over time may adopt a longitudinal design and use analytical techniques appropriate to 

such a design. One such technique is known as latent transition analysis (LTA), which 

analyses the changes in individual developmental trajectories over time by identifying 

distinct latent states and observing how individuals transition between these states 

(Collins & Lanza, 2010). Additionally, future research may consider alternative 

methodological approaches to examining MI at the construct or person-centred model 

level across diverse observed groups. For instance, the alignment method offers 

advantages for testing MI at the construct level, as it allows for a nuanced examination 

of MI through the selective alignment of parameters (Ioannis & Fathima, 2023). This 

method is especially effective when analysing MI across multiple groups, particularly 

when the number of groups being compared is substantial (Asparouhov & Muthén, 

2014b). Further, researchers may incorporate additional observed grouping variables, 

such as socioeconomic status (SES) and different age groups, to explore whether and 

how these factors impact the latent profile factors. 

7.4 Conclusion 

Given the importance of young children’s capabilities, it is important to unpack 

these capabilities holistically and ensure fairness in assessment across diverse 

subpopulations (i.e., gender and ethnic groups). The thesis was conducted in two 

sequential phases to explore latent subgroups with shared patterns of children’s 

capabilities in the 54-month dataset in GUiNZs; and to examine the comparability of 
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these shared patterns of capabilities across each of the observed groups (i.e., the child’s 

gender and ethnicity).  

Phase 1 involved a latent profile analysis to generate up to six subgroups of 

possible latent profiles following a prior check of the validity of the selected measures 

through confirmatory factor analyses (CFA). The 3-group model was chosen as the 

optimal group model because it provided a more parsimonious yet meaningful 

representation of the data while capturing genuine heterogeneity within the 

population. These profiles—Emerging (9.1% below average), Progressing (45.1% 

average), and Competent (45.8% above average)—reflected overall differences in young 

children's capabilities based on the GUiNZs 54-month dataset. These findings suggest 

that only a small proportion of children may require additional support across the areas 

of development. Rather than distinct patterns, the observed overall differences in the 3-

group model of children’s capabilities were supported by developmental theories that 

addressed the interconnections between these capabilities. These findings from the 

current work offer a broader understanding of general trends in child development, 

thereby contributing to teaching and learning policies and practices in early childhood 

education in New Zealand.  

Phase 2 included the MG-CFA of the selected measures to ensure the constructs of 

the available measures are understood equivalently across the child’s gender and 

ethnic groups. Due to the data accessibility and count data nature of the Luria Hand 

Clap Task, the MG-CFA tests were limited to the available measures (prosocial 
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behaviour and emotional symptoms subscale in the SDQ, the AKT, and the PROL) in the 

current sample. This necessitates the tests of estimating the substantial bias in the 

associations between the covariates (i.e., the child’s gender and ethnic groups) and the 

latent profile factors. The DIF approach through the MIMIC modelling was used to 

estimate the potential bias from the covariates to latent profile factors and to examine 

the comparability of latent subgroup solutions across gender and ethnic groups. 

Findings showed negligible or small uniform and nonuniform differential item 

functioning effects by gender, which supported the comparability of the 3-group 

model across gender groups. More substantial uniform and nonuniform differential 

item functioning effects by ethnicity were found, which did not support the 

comparability of the 3-group model across ethnic groups.  

These analyses and findings contribute to fairness in the interpretation of child 

development data. Tests of measurement invariance for the constructs of the measures 

and person-centred model seek to ensure unbiased assessments in understanding the 

diversity and inclusivity of the population characteristics, which have implications for 

teaching and learning policies and practices in the early childhood context in New 

Zealand. When non-invariance is identified, appropriate cautions and restrictions on 

comparative statements can be made explicitly. This is important to advance research 

that is fair, equitable and rigorous in early childhood.    

The current thesis makes an original and significant contribution to the holistic 

understanding of young children’s social, emotional, language, and executive function 
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capabilities, emphasising strengths-based, holistic, and culturally relevant approaches 

to research about children’s learning and development. Additionally, it highlights the 

importance of fairness in assessing and interpreting the diversity within the population 

of young children. The findings support the holistic development outlined in Te 

Whāriki, offering valuable insights for guiding early childhood teaching and learning 

policies and practices. The present study demonstrates research methods to describe 

and quantify children’s capabilities with a focus on strengths-based, holistic, and 

culturally responsive approaches to inform early childhood programmes and services, 

ultimately fostering children’s growth as competent and confident learners.  
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8.2 Appendix 2. Ethnicity Prioritisation in Current Research 

The use of the multi-faceted indicators of a child's ethnicity data in the current 

research, based on the GUiNZs 54-month dataset, requires a thoughtful examination of 

ethnicity classification and prioritisation. This appendix discusses disparities associated 

with ethnicity, issues in ethnicity classification and prioritisation, common ethnicity 

prioritisation methods and the prioritisation of ethnicity data in the current research 

before using the available ethnicity data for the examination of children’s capabilities 

across ethnicities in the thesis. 

8.2.1 Introduction  

As noted in the 3.4.2.1 ‘Ethnicity’ literature review section, ethnicity refers to a 

group of people who share a common ancestry, history, traditions, and cultural traits 

such as values, beliefs, language, food, music, and other aspects of life (Cokley, 2007; 

Phinney, 1990; Statistics New Zealand, 2005). Ethnicity disparities, shaped by social, 

political, and historical contexts (Carr et al., 2017; Cokley, 2007; Khawaja et al., 2007; 

Yao et al., 2021), remain strongly linked to health and educational outcomes in New 

Zealand (Boven et al., 2020; Cameron & Poot, 2019; The Education Review Office, 

2023). The origins of some of these disparities associated with ethnicity can be traced 

back to New Zealand’s history. Specifically, the literature highlighted historical barriers, 

including social, policy and education system issues, that have led to inequities in 

accessing health and education services and underachieved education outcomes for 

Māori (Bishop et al., 2009; Scott, 2014; Smith, 2000). The disparities continue to shape 



301 

 

the inequities observed today (e.g., Lim et al., 2017; O'Sullivan, 2012; The Education 

Review Office, 2023).   

Moreover, the use of ethnicity data, including its measurement, classification and 

prioritisation, has the potential to help or hinder social inequities (Cokley, 2007). 

Measuring and classifying ethnicity data is important for monitoring health and 

educational outcomes, assessing discrimination and disadvantage, understanding 

community burdens and interventions, and improving outcomes and equity (Carr et al., 

2017). However, the approach to ethnicity classification and prioritisation requires 

careful consideration.  

Ethnicity prioritisation is a classification method that assigns individuals identified 

with more than one ethnic group to a single, mutually exclusive group according to a 

pre-determined hierarchy (Cormack & Robson, 2010). From the work by Cormack and 

Robson (2010), common methods of classifying ethnicity are total response, prioritised 

responses, and single/combination. Total response is a classification method that 

assigns individuals to each ethnic group they reported, which may result in 

‘overlapping’ responses. Prioritised responses assign individuals to one ethnic group 

using priority criteria, including administrative-prioritisation prioritised by researchers 

and self-prioritisation prioritised by participants. The single/combination approach 

classifies individuals into either a single group if they are identified with only one ethnic 

group or a combination ethnic group if they are identified with multiple ethnic groups. 

These methods offer advantages and disadvantages concerning statistical 
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appropriateness, ethical considerations, and general usability (Boven et al., 2020; Yao et 

al., 2021; Yao et al., 2022). For example, the total response captures individuals’ 

ethnicity identification more comprehensively than other methods by counting all 

identified ethnic groups. However, this non-mutually exclusive classification method 

often results in a total count of ethnic groups that exceeds the actual sample size, 

which introduces challenges for conducting statistical analysis. Additionally, there is a 

lack of guidelines on appropriately incorporating the total response method into 

statistical modelling (Boven et al., 2020; Ministry of Health, 2017). In sum, the use of 

each ethnicity classification and prioritisation method requires careful consideration 

from the researchers.  

The issues of classifying ethnic responses in ways that facilitate data description and 

data analysis have challenged quantitative researchers, that include the high frequency 

of multiple ethnic affiliations in the population and the implication of categorising 

ethnicity for equity of policies, funding, research, and services (Aspinall, 2018; Callister 

et al., 2007; Mays et al., 2003; Perez & Hirschman, 2009). Regarding access to education 

and other resources, the classification of ethnicity data needs to be accurate, ethical, 

and consistent with affirmative action and anti-discrimination agendas (Carr et al., 

2017; Kukutai & Callister, 2009; Yao et al., 2021). Additionally, ethnicity categorisation 

may impact the interpretations of education and health outcomes associated with 

ethnicity (Boven et al., 2020; Pomeroy, 2020; Rutkowski et al., 2017). A study by Boven 

et al. (2020) assessed the impact of three main ethnic groups’ categorisation methods 
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on health outcomes in New Zealand and suggests that prioritised ethnicity 

categorisation may not be appropriate for policy-relevant research concerned with 

children, and a single/combination ethic categorisation may be considered of greater 

use when describing and interpreting associations between ethnicity and outcomes.  

Among mutually exclusive categorisations of ethnicity, administrative-prioritisation 

and single/combination ethnic classification are most commonly used in research 

(Education Counts, 2021; Ministry of Health, 2017; Yao et al., 2021). Administrative-

prioritisation assigns individuals to mutually exclusive ethnic groups based on a 

prioritised hierarchy framework in the six ethnicity categories in Level 1 category level 

outlined by the Department of Statistics (1993): Māori, followed by Pacific Peoples, 

Asian, MELAA (Middle Eastern / Latin American / African) and Other ethnic groups 

except for European, and European. This approach is commonly used in education and 

health sections, likely due to the recognition of Māori rights as Treaty partners and the 

need to reduce groups with small sample sizes and large numbers of ethnicity 

categories (Yao et al., 2021). However, this approach may not provide the best indicator 

of respondents’ self-identity where individuals are asked to select a single-ethnicity 

group or to self-prioritise their ethnic affiliation (Leather, 2009). A single/combination 

approach to ethnic classification may provide a more nuanced representation of 

overlapping ethnic groups, while still generating mutually exclusive groups suitable for 

statistical models (Cormack & Robson, 2010; Didham, 2005). According to Cormack and 

Robson (2010), the single/combination approach classifies respondents with one 
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ethnicity under that ethnic group, and those with multiple ethnicities into a 

combination group. It proves valuable for analysing the associations between ethnicity 

and outcomes. However, using a single/combination ethnicity approach with caution is 

advised due to potential limitations in sample size for certain combination ethnicities, 

leading to less informative outcomes, particularly with smaller datasets.   

 The ethnicity categorisation approach employed in research should be aligned 

with the research question and sociocultural context to ensure the accuracy, relevance, 

and authenticity of research outcomes (Carr et al., 2017). This is evident in the GUiNZs 

research. For example, the study from Jeffreys et al. (2022) did not strictly follow the 

three conventional ethnicity prioritisation methods but prioritised the child’s ethnicity as 

Māori, Pacific Peoples and NZ European/Other (including New Zealanders) to align with 

the research purposes. This approach emphasised inequities in access to primary health 

care for children among different ethnic groups while ensuring Māori children, as the 

indigenous people in New Zealand, were meaningfully represented in the prioritisation. 

Other GUiNZs research has employed administrative-prioritisation of ethnicities to 

classify fathers’, mothers’, and mother-prioritised children’s ethnicity by Statistic New 

Zealand prioritised-ethnicity guidelines (Jan et al., 2021; Neumann et al., 2021b; Reese 

et al., 2016; Rusten et al., 2019). Overall, researchers choose a tailored approach to 

prioritise ethnicities for the specific purposes of the research.  

8.2.2 Current Research 

In the current research, indicators of child ethnicity are used as an observed 
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grouping variable to examine the measurement invariance of indicators of social, 

emotional, language, and executive function capabilities at both the individual 

construct level and in developing a model of children’s capabilities in which the 

interrelationship of these constructs is identified and described. To ensure due diligence 

in the research, it is important to assess whether the measures at the construct level 

and the model across ethnicities are equitably understood and reflect the population 

characteristics. By addressing the measurement invariance across ethnicity, the research 

can better account for fairness in assessment across ethnicities, which further helps 

inform equitable early childhood educational services in New Zealand. 

In the current research, I propose to use administrative-prioritisation to re-classify 

mother-prioritised child’s main ethnicities into broad ethnic groups, using the Statistics 

New Zealand (2005, updated 2023) Level 1 six ethnic categories. Notably, the selected 

MELAA with low responses (n= 69, less than 5% of the sample) observed are re-

classified into ‘Other ethnicities’ in line with ethnicity classification references (e.g., 

Ministry of Health, 2017; Statistics New Zealand, 2005). I will then explore the potential 

to use single-ethnicity and single/combination categorisation of ethnic identities in the 

current analyses with reference to the available data. The question ‘Which is the main 

ethnic group that the child identifies with?’ in the GUiNZs 54-month data collection 

wave asked mothers to prioritise one to two of their child’s main ethnicities from a list 

of thirty-three ethnicity options, corresponding to the 33 categories of ethnicities in 

Statistics New Zealand ‘Level 3’ ethnic level categories (Statistics New Zealand, 2005). 
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Following the re-classification of responses into the Stats NZ Level 1 categories, total 

responses were described, and both administrative-prioritised and single/combination 

classifications were applied.  

Ethnicity prioritisation methods and associated cell counts for categories as 

observed in the 54-month data wave are reported in Appendix 2 Table 1. Unlike the 

administrative-prioritised method, the single/combination approach generates a ‘dual 

ethnicities’ group (i.e., comprising any child whose mother nominated the child as 

having two main ethnic groups that were classified into separate Statistics New Zealand 

Level 1 ethnicity classifications) and five single-ethnicity groups: Māori, followed by 

Pacific Peoples, then Asian, then Other ethnic groups besides European, and followed 

by European. The current research includes the group ‘Other ethnicities’ in 

measurement invariance tests at the construct- or model-levels, as it represents a 

group of ethnicities, enabling a broader representation of ethnic diversity without 

necessitating detailed analysis for each ethnic group. Additionally, the group ‘dual 

ethnicities’ is reported as a single group due to low numbers of observations of unique 

dual ethnicities combinations, with the largest unique group being children with dual 

Māori and European identities (n = 246). The combination of dual ethnicities is 

important for understanding New Zealand’s bicultural society; however, it is unlikely to 

represent meaningful variables due to the lack of data for the detailed analysis. 

Therefore, the dual ethnicity group will not be included in tests of measurement 

invariance at the construct- or model-levels, and its omission may limit the 
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interpretation of the bicultural or multicultural backgrounds.  

Appendix 2 Table 1  

Ethnicity Categorisation Based on Mother-Prioritised Child’s Ethnicity in the Current Research (n) 

Classification methods Statistic New Zealand Level 1 ethnic groups  Frequency Sum 

Total responses  Māori 810 6625* 

Pacific Peoples 866 

Asian 746 

Other ethnicities  764 

European 3338 

Administrative-prioritisation  Māori 810 6156* 

Pacific Peoples 796 

Asian 732 

Other ethnicities  706 

European 3008 

Single/combination Dual ethnicities 466 6156*
 

Single-ethnicity Māori only 518 

Pacific Peoples only 729 

Asian only 670 

Other ethnicities only 661 

European only 3008 

Note. * with 104 cases with missing values, including system missing, user missing, and residual categories (DK and References). 

Other ethnicities include MELAA, and Other ethnicities, including ‘New Zealander’. As mother-prioritised ethnicity allowed up to 

two responses, Total responses represent a count of Level 1 ethnic groups that exceed the respondent sample size. Administrative-

prioritisation assigns individuals into one ethnic group following a prioritised sequence: Māori > Pacific Peoples > Asian > Other 

ethnic groups (including MELAA) except for European > European; the outcomes are mutually exclusive, and so the summed count 

aligns with the respondent sample size. The single/combination approach involves constructing mutually exclusive groups, with 

each category comprising either a single-ethnicity group label (such as Māori only) or a combination of dual ethnicities; the 

outcomes are mutually exclusive, and so the summed count aligns with the respondent sample size. 

The approach to specifying the child’s ethnicity for the research has been selected 

because of the potential utility for education policies, the research’s ethical 

considerations, and the requirements of statistical analysis, including sample size. The 

advantage of this approach is that categorisation will facilitate statistical modelling. This 

approach may also support the accuracy of comparisons generated with national and 

cohort study datasets, which include ethnicity variables. However, the key limitation of 
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not employing dual ethnicities for statistical analysis may be overlooking the diversity 

that arises from dual ethnicities’ affiliation. The impacts of this approach on the 

interpretation of results will be explored and discussed throughout the research 

process.  
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8.3 Appendix 3. Assessing Young Children’s Social and Emotional Characteristics using 

the Prosocial Behaviour and Emotional Symptoms Subscales of Strengths and Difficulties 

Questionnaire 

8.3.1 Introduction 

Goodman (1997) designed the Strengths and Difficulties Questionnaire (SDQ) to 

support the investigation of mental, behavioural, and social functioning and 

development in childhood. Today, this measure is widely used as a behavioural 

screening tool among children 4-17 years of age (Goodman & Goodman, 2009; Stone 

et al., 2010). Versions of the SDQ vary with the age of children to be assessed, including 

parent/teacher-reported forms for children aged 4-17 and self-reported forms for 

children aged 11-17 (Goodman, 1997; Goodman et al., 2003). Importantly, in New 

Zealand, the parent-reported SDQ is part of the Before School Check (B4SC), with 

item-weighted total and subscale scores used to indicate children’s emotional and  

behavioural strengths and difficulties (Richards et al., 2019). In addition, SDQ total and 

subscale scores have been applied to predict behavioural and psychosocial outcomes 

of general and clinical cohorts in New Zealand contexts (Clark et al., 2014; Cornforth et 

al., 2012; D'Souza et al., 2019b; Lambie & Krynen, 2017; Thompson et al., 2021). 

The 25-item SDQ consists of five subscales, with four assessing behavioural 

Difficulties (i.e., conduct problems, hyperactivity, emotional symptoms, and peer 

problems) and one assessing behavioural Strengths (prosocial behaviour). Each SDQ 

item is endorsed by the respondent on a 3-point ordinal scale (‘not true’, ‘somewhat 
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true’, ‘certainly true’), scored 0-2, with five positively-worded items among the 

Difficulties subscales reverse-scored such that higher scores indicate more significant 

behavioural difficulties. Items of each of the five subscales are summed, with total 

scores ranging from 0-10. The four Difficulties subscales may be combined to create a 

‘Difficulties’ total score ranging from 0-40. Receiver Operating Characteristic (ROC) 

curves, assessing the sensitivity and specificity of parent-rated and teacher-rated 

Difficulties total scores, have indicated that SDQ scores may effectively discriminate 

between psychiatric and nonpsychiatric samples (Goodman, 1997).  

While the SDQ is widely used for research and administrative purposes, its 

construct and predictive validity have long been debated. At a measurement level, 

concerns about the SDQ’s construct validity arise from observations of weaker reliability 

and validity in its subscales compared to the total score, its unstable factor structure 

between samples, and a low structural consistency indicated by loading of ‘peer 

problems’ subscale items with both ‘emotional symptoms’ and ‘prosocial’ subscale 

items (Santiago, 2021; Stone et al., 2010). Given these concerns, evaluating the 

construct validity of these factors is important. Additionally, the labelling of ‘Difficulties’ 

can be problematic, as it may stigmatise children who score higher on these domains, 

potentially impacting their social functioning. Because the screening efficiency of SDQ 

varies across diagnostic groups, research has suggested that diagnostic conclusions 

based on SDQ should be avoided (Goodman et al., 2003; Goodman et al., 2000; Sanne 

et al., 2009). Moreover, it is essential to establish and use age-appropriate cut-off 



311 

 

values, as the SDQ cut-off scores established by Goodman (1997) for school-aged 

children disproportionately led to high numbers of preschoolers classified as in the 

borderline category, categorised by the total difficulties scores of 14-16 (Downs et al., 

2012; Koglen et al., 2007). Hence, the current study addresses the key measurement 

issue of evaluating the appropriate factor structure of the parent-report SDQ among 

the current sample of children prior to school entry.   

8.3.2 Validity of the Five-Factor Structure of the SDQ 

Recent research into the factor structure of the 25-item SDQ has supported the 

five-factor model of the SDQ, which comprises the originally hypothesised/designed 

factors reflecting emotional symptoms, conduct problems, hyperactivity, peer problems 

and prosocial behaviours (Karlsson et al., 2022; Van Leeuwen et al., 2006; Van Roy et al., 

2008). Van Leeuwen et al. (2006) supported five-factor solutions for parent- and 

teacher-reported SDQ in a community sample of children aged 4-8 years, although 

some studies show that confirmatory models additionally indicate the presence of 

method effects associated with the ten positively worded items (the five indicators of 

the prosocial behaviour subscale, and the five positively worded Difficulties items) 

(D'Souza et al., 2019c; Ellis et al., 2014; Karlsson et al., 2022; Kersten et al., 2014; 

McAloney-Kocaman & McPherson, 2017; Van Roy et al., 2008; Vugteveen et al., 2020). 

As noted by Kersten et al. (2018), the five subscales do not fit the Rasch model (a 

confirmatory approach to examining whether items belong to the subscales under 

investigation) among 51,251 preschoolers from the 2011 B4SC SDQ dataset in New 
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Zealand. Therefore, it is necessary to confirm the fit of individual factors and the overall 

factor structure of the SDQ.  

8.3.3 Validation of the Parent-Reported SDQ in the GUiNZs 

The SDQ is a key measure of children’s behaviour in the Growing Up in New 

Zealand study (GUiNZs), with the parent-reported version administered at both 24- 

and 54-month assessment waves (D'Souza et al., 2019b). Using data from the 24-

month assessment, the five-factor model of the SDQ was tested using confirmatory 

factor analysis (CFA) with robust diagonal weighted least squares estimation to account 

for the ordinal nature of indicators. A modified five-factor model (D'Souza et al., 2017; 

D'Souza et al., 2019c), incorporating a positive construal method effect (allowing all five 

positively-worded items in the Difficulties subscales to cross-load onto the 

Strengths/Prosocial subscale), was assessed for improvements in model fit. Results 

indicated that the modified five-factor model displayed an acceptable fit to the data 

(D'Souza et al., 2019b; Van de Looij-Jansen et al., 2011). Van de Looij-Jansen et al. 

(2011) also observed evidence for a 'positive construal' effect via cross-loading 

positively worded Difficulties items onto the Prosocial factor. This finding supports the 

validity of a modified five-factor model of the SDQ. However, it has yet to be 

established whether these results are also borne out in the 54-month dataset.  

Within a CFA framework, the method effect indicated by D’Souza et al. (2019a) can 

be modelled in two additional ways. Researchers may acknowledge the systematic error 

associated with method effects by allowing correlation of the error terms associated 
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with affected indicators (i.e., positively worded items loading on Difficulties subscales). 

In this approach, error terms reflect measurement and systematic method-related error 

variance. Alternatively, where a greater understanding of these effects and the reliability 

of items as indicators are desired, researchers may obtain a more explicit assessment of 

method effects and better represent the co-variance structure by specifying a separate 

latent residual methods factor (Eid, 2000) as influencing all positively-worded indicator 

items and uncorrelated with any of the five theorised SDQ subscales. Specifying this 

latent methods factor allows researchers to explicitly model the residual variance 

associated with positively worded items that are variously explained by the subscale of 

interest, the methods factor, and residual error. This allows researchers to estimate the 

reliability of items as indicators of SDQ subscales, separate the error and method 

variance components, and calculate coefficients that refer to different proportions of 

explained variance.  

8.3.4 Current Research  

The current research aims to examine young children’s social-emotional 

competence through a strengths-based lens to support a holistic view of child 

development prior to school entry in New Zealand. To support this aim, this report uses 

confirmatory models to assess the factor structure and measurement invariance of SDQ 

subscales among the sample of children participating in the GUiNZs 54-month 

assessment wave. Due to GUiNZs data availability (i.e., timing related to verifying 

reverse-scored items with the GUiNZs team), the present analyses focused on two 



314 

 

subscales of the SDQ that do not include positively worded Difficulties items. The 

current research focused on the prosocial behaviours and emotional symptoms 

subscales. Specifically, the factor structure of the prosocial behaviours and emotional 

symptoms subscales in SDQ in the current sample were confirmed to 1) examine the fit 

of the one-factor models of the prosocial behaviour and emotional symptoms 

subscales, 2) derive a more precise assessment of young children’s social and emotional 

characteristics in the current sample rather than those implied by the measure’s 

summed item-weighted scores (i.e., tau-equivalent models, in which all responses and 

items are considered equal indicators of a factor), and 3) enable assessment of 

measurement invariance across gender and ethnic subgroups. As prior evidence 

supports the discriminant validity of the prosocial behaviours and emotional symptoms 

factors (e.g., weak factor covariance, lack of cross-loading items, no shared methods 

effects), and the SDQ is typically scored as summed (item-weighed) scores for each 

subscale, the current study utilised one-factor congeneric models to test construct 

validity and derive factor scores for the prosocial behaviours and emotional symptoms 

subscales of the SDQ in the GUiNZs 54-month datasets. This also enables the 

assessment of the multi-group invariance of each of the two factors using congeneric 

models (i.e., the fit of all items as indicators of their hypothesised latent factor in 

isolation from other scale items or factors).  
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8.3.5 Method 

8.3.5.1 Sample and Inclusion Criteria. 

The ‘standard’ parent-reported SDQ (Goodman, 1997) was administered at the 54-

month mother interviews. Parents were asked to report on the child’s behaviour over 

the last six months. Children whose mothers participated in the parent-reported SDQ 

and responded to at least one item from the test were included in the current analysis. 

8.3.5.2 Analysis Plan. 

Item wording and number of responses endorsing each response option for the 

prosocial behaviours and emotional symptoms subscale item are presented in 

Appendix 3 Table 1. Descriptive analyses were conducted using SPSS version 28.0.1.1, 

and inferential models were generated using Mplus version 8.10. Initial descriptive 

statistics and checks were conducted to confirm that responses displayed adequate 

variability across response options for each item in the analysis sample. A minimum of 

n >= 5 cases endorsing each response option was required for a response option to be 

included in the analysis. Where n < 5 cases endorsing a given item response were 

observed, cases endorsing this option were excluded from analysis, and the item was 

treated as dichotomous among the remaining cases. For brevity, item-level statistics 

are presented for the overall sample, with conclusions regarding response coverage for 

gender and ethnic groups reported in the text. Missing data in inferential models was 

handled using Maximum Likelihood Estimation.  



316 

 

Confirmatory Factor Analyses (CFA) were used to assess one-factor congeneric 

models of the prosocial behaviours and emotional symptoms subscales of the SDQ. 

Models were estimated using ordered categorical variable methodology, weighted least 

squares means-variance (WLSMV) estimation, and the Theta parameterisation as 

implemented in Mplus version 8.10. Acceptable fit was suggested by the combination 

rules with SRMR values less than or equal to 0.08 and CFI close to or greater than 0.95, 

or with an RMSEA less than or equal to 0.06 (Hu & Bentler, 1999).  

Once an optimal factor structure for each subscale was identified in the sample 

overall, CFA was fitted for each group, and multi-group confirmatory factor analyses 

(MG-CFA) were used to assess the measurement invariance of these models across 

gender and ethnic groups. The current assessment of invariance tests includes 

configural and threshold invariance for ordered categorical variables, and the metric 

invariance could not be assessed due to issues of model identification with categorical 

indicators (Millsap, 2011). Multi-group invariance tests assessed the relative fit of 

nested models with increasingly restrictive equality constraints on the factor structure 

(configural/weak invariance) and on the factor loadings and item thresholds 

(threshold/strong invariance) across groups. Decrements in model fit were assessed 

with reference to changes (∆) in fit indices with increasingly restrictive models, with 

critical values of ∆CFI |0.01|, SRMR (Δ < 0.02 for configural vs. metric; Δ < 0.01 metric vs. 

threshold), and RMSEA (Δ < 0.015) used to evaluate whether model fit was significantly 

reduced as factor structure and item thresholds were constrained to be equal across 
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the gender and ethnic groups (Chen, 2007; Wang & Wang, 2019). Noticeably, these 

values are based on models with continuous indicators and associated estimators and 

are used due to limited criteria for assessing invariance for models employing ordinal 

indicators and the WLSMV estimator. Due to its sensitivity to sample size, changes in 

chi-square for increasingly restricted models, assessed using the DIFFTEST function, are 

reported but not considered in the current evaluation of model fit. 

The configural invariance of each factor was assessed by constraining the factor 

structure to be consistent across groups, while the factor loadings and thresholds were 

freely estimated across groups. For identification, residual variances were fixed to one 

in the reference groups for gender and ethnic model comparisons (respectively, ‘boys’ 

and ‘European’), with factor means fixed to zero across groups and factor variances 

freely estimated. The threshold invariance model was estimated by constraining factor 

loadings and thresholds to be equal across groups. For model identification, residual 

variances were fixed at one, and factor means were fixed at zero in the reference group, 

while factor means were freely estimated in the remaining groups. Where model 

evaluation indicated a lack of threshold invariance, nested partial invariance models 

were assessed. In this process, a backward approach to partial exact invariance testing 

was used by sequentially releasing parameters and re-testing model fit. Partial 

invariance was identified if acceptable levels of decline in model fit could be achieved 

where 25% of parameters (i.e., of the total number of thresholds/intercepts and factor 
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loadings) to be invariant across groups overall for reliably unbiased estimates to be 

obtained were considered invariant across groups (Asparouhov & Muthén, 2014a). 

8.3.6 Results 

6156 children whose mothers participated in the parent-reported SDQ and 

responded to at least one item from the test were included in the current analysis. 

Proportions of observed data by item and response option among the included sample 

are presented in Appendix 3 Table 1. There were very low proportions of missing data 

for any item (range 0.0-1.2% missing), likely reflecting the interview-based mode of 

data collection. The lowest endorsement for any response option within scale items was 

1.5% (n = 89) of respondents who indicated it was ‘not true’ that their child was 

generally kind to younger children (SDQ17). Based on this observation, it was 

determined that there was adequate data to conduct CFA in the overall sample, 

modelling all items and response options. 

Appendix 3 Table 1  

Items of the Prosocial and Emotional Subscales in the SDQ With the Number of Response Endorsements by Item (n = 6156) 

SDQ 

subscales 

item# Item stem Missing 

  

0 = Not 

true 

1 = Somewhat 

true 

2 = Certainly 

true 

Prosocial 

behaviour  

SDQ1 Considerate of other people’s feelings 12 173 2633 3338 

SDQ4 Shares readily with other children (treats, toys, pencils, etc.) <10 223 3438 2486 

SDQ9 Helpful if someone is hurt, upset, or feeling ill 15 142 1880 4119 

SDQ17 Kind to younger children 22 89 1638 4407 

SDQ20 
Often volunteers to help others (parents, teachers, other 

children) 24 
225 2484 3423 

Emotional  

problems 

 

SDQ3 Often complains of headaches, stomach-aches, or sickness <10 4555 1274 319 

SDQ8 Many worries or often seems worried 13 4732 1233 178 

SDQ13 Often unhappy, down-hearted or tearful <10 5246 791 110 

SDQ16 Nervous or clingy in new situations, easily loses confidence 18 2046 3059 1033 

SDQ24 Many fears, easily scared 12 3915 1928 301 
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Note. Items are administered in ascending order of SDQ item number.  

Appendix 3 Figure 1 presents measurement models for the one-factor prosocial 

behaviours and emotional symptoms subscales in the sample overall. Appendix 3 Table 

3 summarises model fit and associated modification indices.  

Appendix 3 Figure 1  

Measurement Models for Parent-Report Prosocial and Emotional Symptoms SDQ Items in the GUiNZs 54-Month Dataset 

Panel A: CFA model for prosocial behaviours (S) Panel B: CFA model for emotional symptoms (D / Int)  

 

 

 

 

Note. Panel A represents the standardised estimates in the CFA model of the five-item prosocial behaviours subscale. Panel B 

represents the standardised estimates in the CFA model of the five-item emotional symptoms subscale in the SDQ.  

Appendix 3 Table 2 presents the unstandardised coefficients for the factor models 

of the prosocial behaviours and emotional symptoms subscales. SDQ 1 ‘Considerate of 

other people’s feelings’ and SDQ 3 ‘Often complains of headaches, stomach-aches, or 

sickness’ were used as the reference items in the prosocial behaviours and emotional 

symptoms subscales, respectively.   
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Appendix 3 Table 2  

Unstandardised Coefficients and Items of the Five Items One-Factor Models of the SDQ Prosocial Behaviour and Emotional Symptoms Subscales 

  

Model 1 Model 1 Gender 

 

Model 1 Ethnic groups 

  

Overall Boys Girls 

 

European Māori Pacific Asian Others 

 

n 6150 3161 2984 

 

3007 518 729 669 661 

Variables Items 

         
Prosocial Behaviour (S) B(se) B(se) B(se) 

 
B(se) B(se) B(se) B(se) B(se) 

SDQ1  Considerate of other people’s feelings  1.000(0.000) 1.000(0.000) 1.000(0.000) 

 

1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 

SDQ4  Shares readily with other children (treats, toys, pencils, etc.)  0.795(0.025) 0.665(0.045) 0.697(0.053) 

 

0.682(0.048) 0.816(0.149) 0.821(0.130) 0.687(0.107) 0.697(0.111) 

SDQ9  Helpful if someone is hurt, upset, or feeling ill  1.139(0.027) 1.354(0.099) 1.252(0.096) 

 

1.366(0.103) 1.596(0.296) 1.419(0.209) 1.096(0.166) 1.196(0.202) 

SDQ17  Kind to younger children  0.989(0.026) 0.882(0.060) 1.075(0.083) 

 

0.915(0.064) 1.076(0.199) 1.440(0.222) 0.949(0.142) 0.925(0.144) 

SDQ20  Often volunteers to help others (parents, teachers, other children)  0.976(0.025) 0.879(0.055) 1.011(0.075) 

 

0.937(0.063) 1.196(0.202) 1.339(0.207) 0.797(0.116) 0.928(0.147) 

Emotional Symptoms (D / Int) 

         
SDQ3  Often complains of headaches, stomach-aches, or sickness  1.000(0.000) 1.000(0.000) 1.000(0.000) 

 

1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 

SDQ8  Many worries or often seems worried  1.289(0.045) 1.491(0.129) 1.673(0.145) 

 

2.473(0.263) 1.298(0.246) 1.369(0.204) 1.266(0.270) 1.628(0.349) 

SDQ13  Often unhappy, down-hearted or tearful  1.301(0.046) 1.503(0.135) 1.711(0.159) 

 

1.785(0.196) 2.304(0.515) 1.585(0.258) 2.817(0.951) 1.045(0.213) 

SDQ16  Nervous or clingy in new situations, easily loses confidence  0.847(0.036) 0.755(0.063) 0.831(0.072) 

 

1.241(0.123) 0.935(0.176) 0.566(0.091) 0.600(0.158) 0.566(0.116) 

SDQ24  Many fears, easily scared  1.209(0.043) 1.327(0.109) 1.422(0.118) 

 

2.285(0.243) 1.482(0.275) 0.809(0.113) 1.004(0.206) 1.080(0.201) 

Note. B represented the unstandardised beta coefficient, and se represented standard error. Model 1 confirms the original factor structure of the prosocial behaviour and emotional symptoms subscales. 
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Appendix 3 Table 3  

Model Fit Indices for CFA and MG-CFA of the SDQ Prosocial Behaviour Subscale 

Analysis  Model Chi-Square Free parameters CFI SRMR RMSEA (90% C.I.), p DIFFTEST 

 CFA Overall (n =6150) 96.289(5), p< .001 15 0.988 0.023 0.054 (0.045, 0.064), p= .204 - 

CFA by gender 

Boys (n =3161) 71.591(5), p< .001 15 0.984 0.026 0.065 (0.052, 0.079), p< .05 - 

 

Girls (n =2984) 40.362(5), p< .001 15 0.988 0.024 0.049 (0.035, 0.063), p= .531 - 

MG-CFA by gender Configural 110.128(10), p< .001 30 0.986 0.025 0.057 (0.048, 0.067), p= .104 - 

 Scalar 102.510(18), p< .001 22 0.988 0.026 0.039 (0.032, 0.047), p= .992 14.131(8), p= .078 

CFA by ethnicity 

European (n =3007) 47.196(5), p< .001 15 0.991 0.022 0.053 (0.040, 0.067), p= .334 - 

 

Māori (n =518) 13.548(5), p< .05 15 0.984 0.033 0.057(0.021, 0.095), p= .316 - 

 

Pacific (n =729) 36.800(5), p< .001 15 0.944 0.041 0.093(0.067, 0.123), p< .01 - 

 

Asian (n =669) 13.872(5), p< .05 15 0.986 0.029 0.052(0.020, 0.085), p= .414 - 

  Other (n =661) 15.951(5), p< .01 15 0.987 0.030 0.058(0.027, 0.090), p= .300 - 

MG-CFA by ethnicity Configural 122.758(25), p< .001 75 0.987 0.028 0.059(0.049, 0.070), p= .069  

 Scalar 229.181(57), p< .001 43 0.977 0.035 0.052 (0.045, 0.059), p= .308 118.199(32), p< .001 

 1Partial scalar 182.762(55), p< .001 45 0.983 0.033 0.046(0.038, 0.053), p= .831 77.305(30), p< .001 

Note. Confirmatory Factor Analyses (CFA) and Multi-group confirmatory factor analyses (MG-CFA) were conducted using ordered categorical variable methodology using the Theta parameterisation and 

weighted least squares means-variance (WLSMV) estimation as implemented in Mplus v8.10; SRMR = standardised root mean squared residual; RMSEA = root mean square error of approximation; CFI = 

comparative fit index; DIFFTEST = Chi-Square difference test for nested models. 1 represents freeing the 2nd threshold in ‘SDQ20 Often volunteers to help others (parents, teachers, other children)’ for both 

European and Pacific People’s groups.
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Appendix 3 Table 4  

Model Fit Indices for CFA and MG-CFA of the SDQ Emotional Symptoms Subscale 

Analysis  Model Chi-Square Free parameters CFI SRMR RMSEA (90% C.I.), p DIFFTEST 

 CFA Overall (n =6150) 143.421(5), p< .001 15 0.974 0.032 0.067(0.058, 0.077), p< .01 - 

CFA by gender 
Boys (n =3161) 58.915(5), p< .001 15 0.980 0.029 0.058(0.046, 0.072), p= .135 - 

 
Girls (n =2984) 90.990(5), p< .001 15 0.967 0.036 0.076(0.063, 0.090), p< .01 - 

MG-CFA by gender Configural 149.766(10), p< .001 30 0.974 0.032 0.067(0.058, 0.077), p< .01 - 

 Scalar 136.170(18), p< .001 22 0.978 0.033 0.046(0.039, 0.054), p= .793 12.998(8), p= .11 

CFA by ethnicity 
European (n =3007) 60.031(5), p<.001 15 0.971 0.036 0.060(0.047, 0.075), p= .092 - 

 
Māori (n =518) 6.688(5), p= .24 15 0.997 0.022 0.026(0.000, 0.070), p= .775 - 

 
Pacific (n =729) 29.039(5), p< .001 15 0.973 0.035 0.081(0.054, 0.111), p< .05 - 

 
Asian (n =669) 27.479(5), p<.001 15 0.926 0.048 0.082(0.054, 0.113), p< .05 - 

  Other (n =661) 7.748(5), p= .170 15 0.993 0.026 0.029(0.000, 0.066), p= .792 - 

MG-CFA by ethnicity Configural 131.817(25), p< .001 75 0.974 0.036 0.062(0.052, 0.072), p< .05 - 

 Scalar 324.142(57), p< .001 43 0.935 0.054 0.065(0.058, 0.072), p< .001 194.170(32), p< .001 

 1Partial scalar 271.152(57), p< .001 43 0.948 0.051 0.058(0.051, 0.065), p< .05 147.623(32), p< .001 

 2Partial scalar 243.686(56), p< .001 44 0.954 0.049 0.055(0.048, 0.062), p= .126 122.930(31), p< .001 

 3Partial scalar 204.183(55), p< .001 45 0.964 0.044 0.049(0.042, 0.057), p= .551 88.020(30), p< .001 

 4Partial scalar 184.525(54), p< .001 46 0.968 0.042 0.047(0.039, 0.054), p= .772 69.921(29), p< .01 

Note. Confirmatory Factor Analyses (CFA) and Multi-group confirmatory factor analyses (MG-CFA) were conducted using ordered categorical variable methodology using the Theta parameterisation and 

weighted least squares means-variance (WLSMV) estimation as implemented in Mplus v8.10; SRMR = standardised root mean squared residual; RMSEA = root mean square error of approximation; CFI = 

comparative fit index; DIFFTEST = Chi-Square difference test for nested models. 1 represents freeing factor loading of SDQ3 for the Pacific group. 2 represents freeing factor loading of SDQ3 and SDQ13 

for the Pacific group. 3 represents the freeing factor loading of SDQ3 for the Pacific group, and SDQ13 for both the Pacific and Asian groups. 4 represents the freeing factor loading of SDQ3 for the Pacific 

group, SDQ13 for both the Pacific and Asian groups and SDQ8 for the Māori group.  
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8.3.6.1 Prosocial Behaviours. 

As indicated in Appendix 3 Table 3, the one-factor CFA model of the Prosocial 

Behaviours provided a good fit to the data for the sample overall, as well as the groups 

by gender. When conducting MG-CFA, the configural model similarly provided a good 

fit. Compared to the configural invariance model, constraining thresholds to be equal 

across groups did not significantly decrease model fit on indicators of CFI, SRMR or 

RMSEA [∆CFI = 0.002; ∆SRMR = 0.001]. Overall, indicators suggest the congeneric 

Prosocial factor displayed strong invariance across gender groups. Examining CFAs by 

ethnicity, results in Appendix 3 Table 3 also show that the one-factor model fit the data 

well for five single-ethnicity groups, but less than optimal model fit for children 

identified as being of Pacific ethnicity in the 54-month dataset, for whom values of 

SRMR, and CFI were acceptable; however, RMSEA was above the cut-off. When 

assessing the MG-CFA of the one-factor model across all single-ethnicity groups, the 

initial configural model provided an acceptable fit (CFI = 0.974, SRMR = 0.036, 

RMSEA=0.062). Compared to the configural invariance model, full-threshold invariance 

of the prosocial behaviour factor by child ethnicity was not supported. Investigating 

partial invariance models using a backward stepwise strategy, results indicated that 

freeing the 2nd threshold in ‘SDQ20 Often volunteers to help others (parents, teachers, 

other children)’ for both European and Pacific People’s groups, resulted in a nested 

partial threshold invariance model, which did not significantly decrease indicators of 
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model fit compared to the configural model: ∆CFI = -0.004; ∆SRMR = 0.005; ∆RMSEA 

= -0.013.  

8.3.6.2 Emotional Symptoms. 

As indicated in Appendix 3 Table 4, the one-factor model for the Emotional 

Symptoms provided a good fit for the data overall. Inspection of CFA models by 

gender group similarly indicated good model fit. Assessing measurement invariance 

models, the configural model provided a good fit across gender groups. Further, 

compared to the configural invariance model, constraining thresholds to be equal 

across gender groups did not significantly decrease model fit on indicators of CFI, 

SRMR or RMSEA: ∆CFI = 0.004; ∆SRMR = 0.001]. Overall, indicators suggest the 

congeneric emotional symptoms factor displayed strong invariance across gender 

groups.  

Model fit indicators in Appendix 3 Table 4 for CFA models by child ethnicity 

suggest acceptable model fit indices for four of the single-ethnicity groups except 

Asian children, with CFI = 0.926, lower than 0.95 and RMSEA = 0.082, above 0.06. 

Model modification indices (M.I.) indicate specification of the correlation errors 

between SDQ24 with SDQ16 =17.176  may improve the model fit. However, an MG-

CFA assessing a model of configural invariance provided an acceptable fit to the data. 

The scalar model did not provide a good fit for the data (CFI=0.935, SRMR=0.054, 

RMSEA=0.065). Decrements in model fit indices showed that Δ CFI=-0.029, Δ 

SRMR=0.010, and Δ RMSEA=0.000, indicating a partial threshold invariance across 
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children’s single-ethnicity groups. A partial threshold invariance test was conducted 

based on the acceptable fit of the configural model. Assessing models of partial 

threshold invariance indicated 4 steps specifications based on M.I. by first assessing the 

partial threshold invariance model freeing factor loading of SDQ3 for the Pacific group, 

second model freeing factor loading of SDQ3 and SDQ13 for the Pacific group, third 

model freeing factor loading of SDQ3 for the Pacific group, and SDQ13 for both the 

Pacific and Asian groups, and last model specification was freeing factor loading of 

SDQ3 for the Pacific group, SDQ13 for both the Pacific and Asian groups and SDQ8 for 

the Māori group. Compared to the configural invariance model, the partial invariance 

model did not significantly decrease model fit on indicators of CFI, SRMR or RMSEA 

[∆CFI = -0.006; ∆SRMR = 0.006; ∆RMSEA = -0.015]. Overall, given that 4% of model 

parameters were observed non-invariant within all ethnic groups in this model, we 

concluded that the emotional symptoms factor displayed partial threshold invariance 

across five single-ethnicity groups. 

8.3.7 Conclusion  

Results suggest partial invariance of the prosocial behaviours and emotional 

symptoms factors of the SDQ across the child’s gender and ethnic groups at the 54-

month assessment wave. The high reliability of items within each latent subscale factor 

score may individually provide interpretable representations of child strengths and 

difficulties. MG-CFA of the two one-factor models evaluated whether items of the SDQ 

and associated item-weighted or factor-weighted scores may equally represent the 
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same underlying constructs across gender and ethnic groups in this population. The 

use of factor scores provides a more robust alternative to scale scores by giving more 

weight to items with lower measurement errors, thus offering partial implicit control for 

measurement errors (Morin et al., 2016; Morin & Marsh, 2015). Furthermore, the 

limitations of the MG-CFA approach, such as the detection of potentially trivial 

differences and impact on power when considering more than one intersection group,  

have driven the use and development of approximation methods, such as the 

Alignment method. Methods, such as the covariate approach, specifically support the 

examination of MI for model indicators at the model level, which helps assess the 

impact of measurement non-invariance on model indicators. 
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8.4 Appendix 4. Factor Structure of the Affect Knowledge Test (AKT): Application to 

Young Children’s Emotion Knowledge and Emotional Expression in the New Zealand 

Context 

8.4.1 Introduction 

The Affect Knowledge Test (AKT), designed to assess preschoolers’ expressive and 

receptive emotional knowledge (Denham, 1986), is widely used as an age-appropriate 

measurement tool to assess 2.5- to 5-year-old children’s recognition of emotions (i.e., 

happy, sad, angry, and afraid) and understanding of situational emotion knowledge 

(Bassett et al., 2012; Sette et al., 2015). The AKT includes both a shortened version 

(AKT-S) with 4-item expressive/verbal emotion recognition tasks (happy, sad, angry, 

and afraid) and a full version assessing 8-item emotion recognition tasks and 20-

vignette situational emotional knowledge (8 vignettes for stereotypical and 12 vignettes 

for non-stereotypical) (Denham, 1986; Denham et al., 2015). Strengths of the AKT 

include its acknowledgement of young children’s emotional knowledge and its ability to 

predict social-emotional learning and relevant skills (Domitrovich et al., 2007; Shields et 

al., 2001). Additionally, the test is relatively easy and quick to administer, compared to 

other tests of emotion recognition, including the Pearlman Emotional Knowledge Task 

and the Test of Emotion Comprehension (Pons et al., 2004) and the Emotion Matching 

Task (Morgan et al., 2010), due to little verbalisation and its play-based characteristics.  
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The full AKT consists of two subtests: emotion recognition and situational 

emotional knowledge. The 8-item tasks testing recognition of four emotions (happy, 

sad, angry and afraid) — verbally naming these four facial expressions (expressive 

knowledge) and then pointing to the four emotions non-verbally (receptive knowledge) 

– aims to measure young children’s understanding of emotions by nonverbally 

identifying facial expressions depicted on puppets and verbally naming the emotion 

(Denham, 2006; Machado et al., 2012). The expressive emotion recognition subscale is 

administered in-person only so that children’s verbal reactions to expressive stimuli can 

be recorded (Denham et al., 2020). Situational emotional knowledge is examined 

through vignettes presented in two subtests: stereotypical and non-stereotypical 

situation knowledge. The stereotypical situation knowledge test consists of 8 vignettes 

illustrating standard facial and vocal expressions of emotions, such as feeling afraid 

during a nightmare, in which the child is asked to place a facial expression on the 

puppet to reflect the puppet’s feeling (Denham et al., 1994). The non-stereotypical 

situational knowledge test comprises 12 vignettes – divided into two sets of 6 vignettes 

each. One set focuses on positive versus negative emotions (e.g., happy, or sad when 

attending preschool), while the other set deals with both negative emotions (e.g., anger 

at or fear of a sibling’s aggression). This test evaluates children’s situational emotional 

knowledge in identifying the feelings of others that may differ from their own (Denham, 

1986, 2006). Children received two points for correctly identifying emotion in any 
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section of the measure and one for identifying the correct valence but not the correct 

emotion (e.g., sad for afraid).  

Previous studies have shown acceptable internal consistency, test-retest validity, 

and concurrent and predictive reliabilities of the AKT (Cutting & Dunn, 2002; Denham 

et al., 2003; Denham et al., 2002; Denham & Couchoud, 1990a). For example, a study 

by Cutting and Dunn (2002) indicated the sum scores of the stereotypical situation 

knowledge with Cronbach's alpha equal to .73, representing moderate to good internal 

consistency of the AKT among 141 preschoolers, with children scoring higher on the 

AKT being more sensitive to teacher criticism. Shields et al. (2001) used the AKT to 

assess emotional understanding in 49 children who attended a Head Start school in 

New England in a short-term longitudinal study. The study found that children’s 

emotional competence, measured by emotion regulation early in the school year (Time 

1) and emotion understanding during the winter months (Time 2), predicted school 

adjustment at the end of the school year (Time 3) after controlling for the potential 

confounds of behaviour problems and verbal abilities.  

Emotions are sometimes classified as positive or negative related to desired states 

of being, although this type of classification is not universally accepted. Nonetheless, 

previous research has shown that children understand positive emotions like happiness 

earlier than negative emotions like fear and surprise (Izard, 1994). Analyses of 

responses to the six emotions (happy, sad, angry, fear, surprise, and disgust) revealed 

that the frequency of incorrect identification of both positive (e.g., happiness) and 
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negative emotions exhibited consistent patterns (Widen & Russell, 2003). This reflects 

lower task difficulty associated with discriminating between positive emotions (which 

comprise relatively distinct feature configurations) and negative emotions (which share 

more features), seen in all ages, from children to adults (Lawrence et al., 2015; Serrat et 

al., 2020).  

8.4.2 Construct Validity of the AKT 

Despite emotion knowledge encompassing two distinct dimensions (i.e., emotion 

recognition and situational emotional knowledge) and the variation of emotion 

knowledge development at different ages, research commonly focuses on one domain 

or a unidimensional construct of emotion knowledge (Izard et al., 2001; Miller et al., 

2005). Research using the AKT as a unidimensional construct typically aggregates 

emotion recognition and situational knowledge subscale scores to create an overall 

index of total emotion knowledge.  

To examine preschoolers' emotional recognition at 54-month assessment, the 

Growing Up in New Zealand study (GUiNZs) adapted the shortened version of AKT 

(AKT-S) to assess young children’s emotional knowledge. To avoid previously observed 

ceiling effects among children aged 54 months Denham (2006), additional face stimuli 

expressing ‘negative’ emotions of disgust and surprise were added to the emotion 

recognition task. It is important to note that some researchers have asserted that 

surprise encompasses both positive and negative aspects and is differentiated by the 

degree of alignment between the surprising event and its conduciveness to one's goals 
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(Noordewier & Breugelmans, 2013). In the adapted AKT-S in the GUiNZs, the six facial 

expressions of emotions (happy, surprise, sad, angry, scared, and disgusted/yucky) were 

adapted from the Ekman et al. (1969) stimulus set. Responses were scored concerning 

accuracy and emotional valence, with ‘0’  indicating the child’s response was an 

incorrect emotion with the opposite emotional valence from the correct response, ‘1’ 

an incorrect emotion within the same emotional valence, and ‘2’ the correct emotion or 

acceptable synonym. A total score from the task responses was calculated as a summed 

score representing the child’s performance on the modified AKT-S.  

8.4.3 Current Research  

The current study aims to assess the factor structure of the adapted/modified AKT-

S in the GUiNZs 54-month dataset. It aims to validate the scoring methods employed, 

enhance the interpretive value of the results, and explore whether the factor model of 

emotion knowledge in preschoolers remains consistent across gender and major ethnic 

groups in the New Zealand population. Initial Confirmatory Factor Analyses were 

conducted using the AKT data to investigate the one-factor model of emotion 

recognition in the sample overall and by observed sub-group (i.e., gender, ethnicity). 

Multi-Group Confirmatory Factor Analysis (MG-CFA) was employed to assess the 

measurement invariance of the optimal model across the observed groups.  
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8.4.4 Method  

8.4.4.1 Sample and Inclusion Criteria. 

The AKT was administered at the 54-month mother interviews. Children’s 

responses to the randomly presented face cards (happy, sad, scared, angry, surprised, 

and disgusted) are based on their emotional knowledge. The children who participated 

in the adopted version of AKT and responded to at least one item from the test were 

included in the current analysis. 

8.4.4.2 Analysis Plan.  

Confirmatory factor analyses and measurement invariance analyses were 

conducted using ordered categorical variable methodology and weighted least squares 

means-variance (WLSMV) estimation as implemented in Mplus version 8.10. A one-

factor CFA model based on theory and prior research was evaluated with reference to 

indicators of model fit, and to modification indices, where model fit was deemed 

inadequate. An acceptable fit was suggested with reference to Hu & Bentler (1999) 

combination rules with SRMR values less than or equal to 0.08 and CFI close to or 

greater than 0.95 or with an RMSEA less than or equal to 0.06.  

Once an acceptable model of the observed data was identified, nested MG-CFA 

were used to assess whether model fit was significantly reduced as the factor structure 

and the factor loadings (λ) and item thresholds (τ) were constrained to be equal across 

the child’s gender and ethnic groups (Chen, 2007; Wang & Wang, 2019; Wu & 

Estabrook, 2016). Decrements in model fit were assessed regarding changes (∆) in fit 



333 

 

indices with increasingly restrictive models. Changes in model fit indices indicating 

measurement non-invariance from studies using Maximum Likelihood (ML) estimators 

and continuous indicators for unequal samples with group N > 300 suggest a decline in 

CFI greater than -0.010, accompanied by ∆RMSEA ≥ 0.015 or ∆SRMR ≥ 0.030, 

indicating non-invariance of measures (Chen, 2007). Noticeably, these values are based 

on models with continuous indicators and associated estimators and are used due to 

limited criteria for assessing invariance for models employing ordinal indicators and the 

WLSMV estimator. Due to its sensitivity to sample size (Bollen, 1989; Tucker & Lewis, 

1973), changes in chi-square with increasingly restricted models, assessed using the 

DIFFTEST function, are reported but not considered in the current evaluation of model 

fit. 

8.4.5 Results  

8.4.5.1 Item Endorsement.  

5605 children who participated in the AKT and responded to at least one item from 

the test were included in the current analysis. Proportions of the observed data by item 

and response option among the included sample are presented in Appendix 4 Table 1. 

The proportion of missing data for any item was low, with only 2 missing data points 

observed among the included sample. The lowest observed response score for any AKT 

item was displayed by 3.9% (n=221) of respondents, who responded with an incorrect 

emotion of the opposite emotional valence when identifying the ‘happy’ face. Based on 
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these observations, a CFA model of all items and response options among participants 

who responded to the AKT was conducted.  

Appendix 4 Table 1  

Items and the Number of Responses Endorsements by Item in the Included Sample (n = 5605) 

item# 
Emotion 

displayed 
Missing 

(0 = incorrect emotion with the 

opposite emotional valence) 

(1 = incorrect emotion within 

the same emotional valence) 

(2= correct emotions or 

acceptable synonyms) 

AKT2 Happy  <10 221 304 5080 

AKT3 Surprised <10 2159 2460 986 

AKT4 Sad  <10 401 427 4777 

AKT5 Angry  <10 241 842 4522 

AKT6 Scared  <10 1764 2953 886 

AKT7 Yucky/disgusted  <10 2143 2086 1376 

8.4.5.2 Confirmatory Factor Analysis.  

Appendix 4 Table 2 presents unstandardised parameter estimates of factor 

loadings and standard errors (M1 to M3) and M3 for each gender and single-ethnicity 

group for the AKT. Model fit indices for the CFA results are summarised in Appendix 4 

Table 3. The model fit indicators for the one-factor model (M1) did not indicate a good 

fit to the data for the sample overall, as the RMSEA was greater than 0.06, and the CFI 

fell below 0.95. Additionally, M1 did not demonstrate a good fit for subgroups, 

including girls and single-ethnicity groups such as Pacific and European. Inspections of 

modification indices suggested that allowing a residual covariance between two items, 

AKT7 ‘Yucky/Disgusted’ and AKT6 ‘Scared’, may improve model fit for the overall 

sample (M.I.= 86.739) and specific subgroups, including girls (M.I. = 62.323), Pacific 

(M.I.=17.796) and European (M.I.= 20.943). Re-estimation of the revised model (M2) 
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improved model fit, whereas M2 did not provide a good fit to the Māori and Asian 

children, with the RMSEA greater than 0.06 and CFI below 0.95. Allowing an additional 

residual covariance between two items, AKT6 ‘Scared’ and AKT3 ‘Surprised’ for Māori 

(M.I.= 24.694) and Asian (M.I.= 32.356), may provide a better fit to these two 

subgroups. Estimation of the revised model (M3), accounting for the residual 

covariances between items AKT7 ‘Yucky/Disgusted’ and AKT6 ‘Scared’, AKT6 

‘Scared‘ and AKT3 ‘Surprised’, indicated a better fit to models for the overall sample 

and all subgroups, especially Māori and Asian. Hence, Model 3 was selected as the 

baseline model for testing MG-CFA across the children’s gender and single-ethnicity 

groups.  

8.4.5.3 Multi-Group Confirmatory Factor Analysis. 

Appendix 4 Table 4 demonstrates the measurement invariance results of M3 across 

the children’s gender and single-ethnicity groups. 

Gender. Results indicated that the configural invariance model provided a good fit 

to the data when held constant across gender groups, and the scalar invariance model 

also provided a good fit. Compared to the configural invariance model, constraining 

factor loadings and thresholds to be equal across groups did not significantly decrease 

model fit on any indicator [∆CFI = -0.002; ∆SRMR = 0.001; ∆RMSEA = -0.01]. Overall, 

indicators suggest this model (M3) displayed strong invariance across children’s gender 

groups. 
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Single-ethnicity groups. Model fit indices indicated that the configural model 

provided a good fit to the data for comparisons by children’s single-ethnicity groups. 

The scalar model also provided a good fit of the data, whereas decrements in model fit 

indices showed that Δ CFI=-0.029, Δ SRMR=0.010 and Δ RMSEA=0.000, indicating a 

partial threshold invariance across children’s single-ethnicity groups. To assess whether 

a partial threshold invariance of categorical AKT indicators, a forward estimation 

approach was adopted, with each of the six-factor indicators fixed to be equal by using 

the European as a reference group and testing ‘one-item at a time’ and the associated 

decline in model fit assessed against the configural model. Based on the inspection of 

model fit indices, scalar model fit indices improved by freeing the first threshold for 

AKT5 in Pacific children (M.I. = 11.322). Assessment of decrements in the partial 

threshold invariance model [∆CFI = -0.014; ∆SRMR = 0.008; ∆RMSEA = -0.07] indicated 

a significant decline in model fit compared to the configural model by children’s single-

ethnicity groups. 
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Appendix 4 Table 2  

Items and Factor Loadings of the One-Factor CFA Models of the 6 Interviewer-Observed AKT Items in the GUiNZs 54-Month Dataset 

 
Model M1 M2 M3 M3 Gender 

 
M3 Ethnic Groups 

  
Overall Overall Overall Boys Girls 

 
European Māori Pacific Asian Others 

 
n  5605 5605 5605 2851 2751 

 
2849 461 650 567 555 

item# Emotion displayed B(se) B(se) B(se) B(se) B(se) 
 

B(se) B(se) B(se) B(se) B(se) 

AKT2 Happy  1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 
 

1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 

AKT3 Surprised 0.58(0.02) 0.58(0.02) 0.51(0.02) 0.31(0.04) 0.24(0.05) 
 

0.45(0.09) 0.29(0.08) 0.27(0.06) 0.38(0.08) 0.43(0.16) 

AKT4 Sad  0.88(0.03) 0.88(0.03) 0.88(0.03) 0.74(0.11) 0.58(0.13) 
 

0.71(0.16) 0.82(0.23) 0.58(0.14) 0.94(0.23) 0.88(0.40) 

AKT5 Angry  0.72(0.03) 0.72(0.03) 0.73(0.03) 0.52(0.07) 0.39(0.08) 
 

0.45(0.09) 0.73(0.22) 0.70(0.19) 0.73(0.15) 0.45(0.17) 

AKT6 Scared  0.58(0.02) 0.51(0.02) 0.42(0.02) 0.26(0.04) 0.18(0.04) 
 

0.26(0.06) 0.26(0.08) 0.27(0.06) 0.35(0.08) 0.40(0.15) 

AKT7 Yucky/disgusted  0.56(0.02) 0.49(0.02) 0.48(0.02) 0.28(0.04) 0.23(0.04) 
 

0.40(0.07) 0.35(0.09) 0.25(0.06) 0.32(0.07) 0.29(0.12) 

 
AKT6<-> AKT7 - 0.14(0.02) 0.17(0.02) 0.16(0.03) 0.24(0.03) 

 
0.18(0.03) 0.26(0.06) 0.23(0.05) 0.18(0.06) 0.15(0.06) 

 
AKT3<->AKT6 - - 0.15(0.02) 0.18(0.03) 0.18(0.03) 

 
0.17(0.03) 0.29(0.06) 0.10(0.06) 0.33(0.05) 0.01(0.07) 

Note. The overall sample includes children with at least one item in the AKT observation task. B represented the unstandardised beta coefficient, and se represented the standard error. M1 CFA of one-

factor model; M2 one-factor model indicates additional covariance between AKT7 Yucky/Disgusted and AKT6 Scared; M3 one-factor model indicates additional covariance between AKT6 Scared face and 

AKT3 Surprised based on M2. 
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Appendix 4 Table 3  

Model Fit Indices for One-Factor Models of the Six-Item AKT Administered in the GUiNZs 54-Month Dataset 

Model Chi-Square N of free parameters  CFI SRMR RMSEA 

M1 Overall (n = 5605) 276.243 (9), p < .001 18 0.945 0.047 0.073 (0.066, 0.08), p < .001 

 Boys (n = 2851)  118.723 (9), p < .001 18  0.958  0.042  0.065 (0.055, 0.076), p < .01 

 Girls (n = 2751)  162.487 (9), p <.001  18  0.930  0.056  0.079 (0.068, 0.090), p < .001 

 European (2849) 75.167 (9), p < .001 18  0.918  0.049  0.051 (0.041, 0.062), p = .428 

 Māori (461) 50.397 (9), p < .001 18  0.914  0.069  0.10 (0.074, 0.128), p = .001 

 Pacific (650) 59.061 (9), p < .001 18  0.965  0.053  0.093 (0.071, 0.116), p = .001 

 Asian (567) 71.491 (9), p < .001 18  0.929  0.068  0.111 (0.088, 0.135), p < .001 

 Other (555) 14.697(9). p= .100 18 0.981 0.038 0.034(0.000,0.064), p= .787 

M2 Overall (n = 5605) 193.871 (8), p < .001 19 0.962 0.038 0.064 (0.057, 0.072), p <.001 

 Boys (n = 2851)  94.93 (8), p < .001 19  0.967  0.036  0.062 (0.051, 0.073), p < .01 

 Girls (n = 2751)  103.497(8), p <.001  19  0.956  0.042  0.066 (0.055, 0.077), p < .001 

 European (2849) 55.08 (8), p < .001 19  0.941  0.04  0.045 (0.035, 0.057), p = .724 

 Māori (461) 41.37 (8), p < .001 19  0.93  0.06  0.095 (0.068, 0.125), p = .004 

 Pacific (650) 43.12 (8), p < .001 19  0.975  0.044  0.082 (0.059, 0.107), p = .012 

 Asian (567) 67.89 (8), p < .001 19  0.932  0.066  0.115 (0.091, 0.141), p < .001 

 Other (555) 8.959(8), p= .345 19 0.997 0.030 0.015(0.000,0.053), p= .928 

M3 Overall (n = 5605) 100.713(7), p < .001 20 0.981 0.026 0.049 (0.041,0.058), p= .567 

 Boys (n = 2851)  47.598 (7), p < .001 20  0.985  0.025  0.045 (0.033, 0.058), p = .724 
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Model Chi-Square N of free parameters  CFI SRMR RMSEA 

M3 Girls (n = 2751)  57.763 (7), p <.001  20  0.977  0.029  0.051 (0.040, 0.064), p = .402 

 European (2849) 25.374 (7), p < .001 20  0.977  0.023  0.030 (0.018, 0.043), p = .994 

 Māori (461) 18.09 (7), p < .012 20  0.977  0.038  0.059 (0.026,0.093), p = .291 

 Pacific (650) 41.688 (7), p < .001 20  0.976  0.041  0.087 (0.063, 0.114), p = .007 

 Asian (567) 36.787 (7), p < .001 20  0.966  0.048  0.087 (0.060, 0.115), p = .013 

 Other (555) 8.977 (7), p= .254 20  0.993  0.030  0.023(0.000, 0.06), p = .868 

Note. The overall sample includes children with one or more items in the AKT observation task. CFA = Confirmatory Factor Analysis; SRMR = Standardised root mean squared residual; RMSEA = root 

mean square error of approximation; CFI = comparative fit index. M1 CFA of one-factor model; M2 one-factor model indicates additional covariance between AKT7 Yucky/Disgusted and AKT6 Scared 

would improve model fit (M.I. =86.739; revised model fit: SRMR=0.038, CFI=0.962, RMSEA= 0.064 (0.057, 0.072), p< .001); M3 one-factor model indicates additional covariance between AKT6 Scared face 

and AKT3 Surprised based on M2 (M.I. =96.144; revised model fit: SRMR=0.026, CFI=0.981, RMSEA= 0.049 (0.041, 0.058),p= .567). 
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Appendix 4 Table 4  

Model Fit Indices for the One-factor AKT (M3) with Multi-Group Invariance Comparison by Children’s Gender and Ethnicity 

Subgroup Model  Chi-Square  Free parameters  CFI  SRMR  RMSEA (90% CI)  Chi-Square DIFFTEST 

Gender  Configural  105.472 (14), p < .001 40  0.981  0.027  0.048 (0.040, 0.057), p = 0.609 - 

 Scalar 123.088 (24), p < .001 30  0.979  0.028  0.038 (0.032, 0.045), p = 0.998 25.263(10), p= .005 

Single-ethnicity groups Configural  130.477 (35), p < .001 100  0.975  0.032  0.052(0.042, 0.061), p = 0.360 - 

 Metric*  168.377(55), p < .001 80 0.971 0.037 0.045(0.037, 0.053), p=0.847 43.047 (20), p= .002 

 Scalar  283.574 (75), p < .001 60  0.946  0.042  0.052 (0.046, 0.059), p = 0.69 158.274 (40), p < .001 

 Partial scalar (AKT5 1st thresholds 

free for European only) 

226.814(74), p < .001 61  0.961  0.040  0.045 (0.038, 0.052), p = 0.883 105.631(39), p < .001 

 Partial scalar (AKT5 1st thresholds 

free for European, Pacific only) 

223.646(73), p < .001 62  0.961  0.040  0.045 (0.038, 0.052), p = 0.882 102.554 (38), p < .001 

Note. Multi-group confirmatory factor analyses (MG-CFA) were conducted using ordered categorical variable methodology using the Theta parameterisation and weighted least squares means-variance 

(WLSMV) estimation as implemented in Mplus v8.10; SRMR = standardised root mean squared residual; RMSEA = root mean square error of approximation; CFI = comparative fit index; DIFFTEST = Chi-

Square difference test for nested models; M3 one-factor AKT model with residual covariance for AKT7 Yucky/Disgusted and AKT6 Scared, AKT6 Scared face and AKT3 Surprised. 
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8.4.6 Conclusion  

Findings reassured the AKT as a reliable tool for measuring young children’s 

emotional knowledge. CFA results indicate that Model 3 (M3), which accounts for the 

residual covariances between items AKT7 ‘Yucky/Disgusted’ and AKT6 ‘Scared’, and 

between AKT6 ‘Scared’ and AKT3 ‘Surprised’, provided a good fit for the overall sample 

data, each gender and single-ethnicity group. MG-CFA of M3 across children’s gender 

and single-ethnicity groups demonstrated full MI by the children’s gender and partial 

MI by single-ethnicity groups in the 54-month dataset. Therefore, M3 was chosen as 

the key construct of young children’s emotional knowledge in the current research. 

Confusion among ambiguous negative faces was observed from the covariance 

between AKT7 ‘Yucky/Disgusted’ and AKT6 ‘Scared’, and AKT6 ‘Scared’ and AKT3 

‘Surprised’. The results align with previous studies indicating fear and disgust, heavily 

reliant on shape-oriented characteristics, share many similarities, like negative valence, 

high arousal levels, and association with withdrawal-related emotions (Woody & 

Teachman, 2000), making their identification less precise (Martinez & Du, 2012). 

Additionally, the visual configuration and muscle movements with surprise also 

complicate recognition of fear, leading to lower accuracy compared to surprise 

(Chamberland et al., 2017; Roy-Charland et al., 2014). Gagnon et al. (2010) found that 

children aged 5 and 10 struggled more with discerning fear-surprise than other 

emotional pairs involving fear.  



 342 

Based on these results, factor scores generated for the overall sample from the CFA 

model 3 of the 6-item AKT are used in the LPA and testing MI at the person-centred 

model level. It is important to note that factor scores were estimated by weighted least 

squares, which did not explicitly control for measurement errors like latent variables 

(Kam et al., 2016; Morin et al., 2016; Skrondal & Laake, 2001). Item covariances included 

in factor scores were given more weight to items presenting lower levels of 

measurement errors (Skrondal & Laake, 2001). This provides a partial implicit control 

for measurement errors, making them a stronger alternative than scale scores. 
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8.5 Appendix 5. The Parent Rating of Oral Language (PROL): Application to Young 

Children’s Expressive Communication 

8.5.1 Introduction  

Within the context of the Growing Up in New Zealand study (GUiNZs), the Parent 

Rating of Oral Language (PROL) is an assessment tool derived from the Teacher Rating 

of Oral Language and Literacy (TROLL: Dickinson & McCabe, 2001; Dickinson et al., 

2003), which has been internationally validated as an evaluation of early language and 

literacy development in classroom settings. Scoring of the TROLL assigns equal weight 

to each item, with higher scores given to responses indicating greater language skills, 

and scores are aggregated to generate an overall oral language and literacy proficiency 

score. Unlike its classroom-based counterpart, the PROL relies on parental reports of 

the child’s proficiency in communicating in their primary language. The measure 

comprises parent ratings of five items on a four-point ordinal scale tailored for each 

item, as presented in Appendix 5 Table 1.   

Although the PROL has not undergone extensive validation or widespread 

adoption, its items have been examined regarding their frequency of endorsement 

within the GUiNZs 54-month dataset (i.e., Morton et al., 2017) and, consistent with the 

scoring of the TROLL, conceptualised as reflecting a single factor representing a child's 

oral language abilities (Meissel et al., 2019). Consequently, the current research aims to 

confirm the single-factor model of the PROL using Confirmatory Factor Analysis (CFA) 

followed by an examination of measurement invariance (MI) across child gender and 



 344 

ethnicity for this tool. 

8.5.2 Method 

8.5.2.1 Sample and Inclusion Criteria. 

The PROL was administered at the 54-month mother interviews. Parents were 

asked to respond to items based on the child’s overall oral language and 

communication proficiency in the child’s main language. Children whose mothers 

participated in the parent-reported PROL and responded to at least one item from the 

test were included in the current analysis. 

8.5.2.2 Analysis Plan. 

Confirmatory Factor Analyses (CFA) of the entire sample data and in each gender 

and ethnicity group were obtained from 54-month mother interviews in the GUiNZs. 

Consistent with previous conceptualisation and scoring methods utilised in the TROLL 

and the PROL, a one-factor model was assessed for model fit. Analyses were 

performed using Mean- and Variance-adjusted Weighted Least Squares (WLSMV) 

estimation in Mplus version 8.10. Model fit was evaluated using the comparative fit 

index (CFI), root mean square error of approximation (RMSEA), and standardised root 

mean squared residual (SRMR).  

Multi-group analyses of MI for the one-factor model of the PROL were conducted 

as an initial assessment of MI by gender and ethnicity. MI of the one-factor model of 

the PROL was assessed by the relative fit of nested models with increasingly restrictive 

constraints on the factor structure and the factor loadings (λ) and item thresholds (τ). 
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Decrements in model fit were assessed regarding changes (∆) in fit indices with 

increasingly restrictive models. Changes in model fit indices indicating measurement 

non-invariance from studies using Maximum Likelihood (ML) estimators and 

continuous indicators for unequal samples with group N > 300 suggest a decline in CFI 

greater than -.010, accompanied by ∆RMSEA ≥ .015 or ∆SRMR ≥ .030, indicating 

non-invariance of measures (Chen, 2007). Sources of model non-invariance were 

tested with reference to estimates in the configural model and model modification 

indices. Noticeably, these values are based on models with continuous indicators and 

associated estimators and are used due to limited criteria for assessing invariance for 

models employing ordinal indicators and the WLSMV estimator. Due to its sensitivity to 

sample size (Bollen, 1989; Tucker & Lewis, 1973), changes in chi-square with 

increasingly restricted models, assessed using the DIFFTEST function, are reported but 

not considered in the current evaluation of model fit. Tests for full and partial MI of the 

PROL are presented in Appendix 5 Table 2. 

The invariance of the configural model was initially examined, evaluating whether a 

one-factor structural model held an equally good fit across groups. Subsequently, the 

threshold model was assessed, wherein all factor loadings and thresholds were 

constrained to be equal across groups (i.e., full MI). In cases where the tests for scalar 

invariance were not supported, a backward approach to partial invariance testing was 

adopted, with parameters sequentially released and model fit reassessed. 
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8.5.3 Results  

8.5.3.1 Item Endorsement.  

Appendix 5 Table 1  

Items and Response Options for the Parent Rating of Oral Language (PROL) With the Proportion and Number of Endorsements by 

Item Response Option in the Included Sample (n = 6133) 

Label Item wording Response options Endorsement (n) 

LD35 Which of the following best 

describes [NAME]'s pattern of 

asking questions? 

a) never or rarely asks adults questions 76 

b) occasionally asks adults questions 501 

c) sometimes asks adults interesting questions 1536 

d) often asks adults long questions 4015 

missing  < 10 

LD36 How often does [NAME] try 

out new words? 

a) never < 10 

b) rarely 117 

c) sometimes 1853 

d) often 4141 

missing  14 

LD34 Which of the following best 

describes [NAME]'s ability to 

communicate personal 

experiences in a clear and 

logical way? Think of a time if 

{NAME] was telling you about 

something that happened 

when you were not present. 

a) is very tentative, only offers a few words and requires you to 

ask questions 

210 

b) offers some information, but needs you to prompt for key 

parts of the story 

1376 

c) offers information and includes the necessary information to 

really understand the event 

2197 

d) offers information and tells experiences in a way that is 

nearly always complete, logical, and understandable 

2332 

missing 18 

LD37 How often is [NAME] 

understandable when speaking 

to adults other than you or 

other family members? 

a) never < 10 

b) rarely 83 

c) sometimes 1129 

d) often 4910 

missing < 10 

LD33 Which of the following best 

describes [NAME]'s ability to 

communicate when [HE/SHE] 

is not first understood? 

a) never continues to try to be understood 89 

b) often gives up trying to be understood 345 

c) often keeps trying to be understood 2819 

d) will work hard to be understood 2867 

missing  13 

Note. The numbering of item labels refers to the order in which analogous items appear in the Teacher Rating of Oral Language 

and Literacy. Low-response items where cell size < 10 were recoded for the following analyses, as noted in the footnotes in Tables 

2 and 3. Cases with missing values were excluded from the following CFA and MG-CFA analyses.  
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8.5.3.2 Confirmatory Factor Analyses (CFA). 

Before conducting CFA, response options with low-frequency (cell counts <5) were 

merged with the adjacent response option. All items displayed moderate positive 

loadings on the latent PROL construct for the entire sample (Appendix 5 Figure 1). 

Appendix 5 Table 2 showed items and factor loadings of the five items one-factor 

PROL. Indicators of model fit in Appendix 5 Table 3 suggested that the one-factor 

model provided a good fit to the data for the overall sample. Appendix 5 Table 3 also 

validated the structure of the overall model across specific demographic cohorts. CFA 

was conducted separately for boys and girls, and children in each ethnic group. Results 

suggested that the one-factor CFA model fit the data for gender and ethnic groups. 

Appendix 5 Figure 1  

Structure and Standardised Factor Loadings for A One-Factor Model of the PROL in the Growing Up in New Zealand Study 54-

Month Dataset 

 

Note. n = 6133. This measurement model predicts children’s expressive language and communication using five items included in 
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the PROL. Standardised scores of factor loadings (standard errors) are in the middle.  

8.5.3.3 Multi-Group Confirmatory Factor Analyses (MG-CFA). 

Appendix 5 Table 3 provides MI results across the child’s gender and ethnicity. 

Gender. Results indicated that the configural invariance model provided a good fit 

to the data when held constant across gender groups, and the threshold invariance 

model also provided a good fit. Assessment of decrements in model fit indices between 

these models showed that Δ CFI=0.006, Δ SRMR=0.005 and Δ RMSEA=0.002. 

suggesting that the PROL demonstrated full MI by gender.  

Ethnicity. Results indicated that the configural model provided a good fit to the 

data for comparisons by ethnicity. The scalar model provided a good fit for the data; 

however, assessment of decrements in model fit indices between these models showed 

that Δ CFI=0.045, Δ SRMR=0.012 and Δ RMSEA=0.021, indicating measurement non-

invariance of the PROL by ethnicity. Inspection of configural model estimates and 

model modification indices suggested that model fit may be improved by freeing the 

2nd threshold of LD37 (MI = 33.920) for Europeans, then freeing the 2nd threshold of 

LD37  (MI = 6.528) for the Pacific group. Based on inspection of model fit indices, 

threshold specifications for freeing the 2nd thresholds of LD34 for European (MI = 7.226) 

and Pacific children (MI = 3.861) and the 3rd threshold for item LD33 (MI = 6.788) in the 

Asian group sequentially increase model fit. The partial invariance model resulted in 

decrements in model fit indices between these models, showing that Δ CFI=0.007, Δ 

SRMR=0.005 and Δ RMSEA=0.023 compared to the configural model by ethnic groups. 

Results suggest the PROL demonstrated partial MI by the child’s ethnicity. 
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Appendix 5 Table 2  

Items and Factor Loadings of the Five Items One-Factor Model of the PROL 

  
Model 1 Model 1 Gender 

 
Model 1 Ethnic Groups 

  
Overall 1Boys 1Girls 

 

1European 2Māori 1Pacific 3Asian Others 

  
n = 6133 (n = 3149) (n = 2979) 

 
(n = 3002) (n = 517) (n = 729) (n = 666) (n = 659) 

Label Items 
B(se) B(se) B(se)  B(se) B(se) B(se) B(se) B(se) 

LD35 Which of the following best describes [NAME]'s pattern of asking 

questions? 
1.000(0.000) 1.000(0.000) 1.000(0.000)  1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 

LD36 How often does [NAME] try out new words? 0.857(0.034) 0.662(0.055) 0.978(0.089)  0.886(0.054) 0.659(0.086) 0.846(0.098) 0.956(0.136) 1.050(0.108) 

LD34 Which of the following best describes [NAME]'s ability to communicate 

personal experiences in a clear and logical way? Think of a time if 

{NAME] was telling you about something that happened when you were 

not present. 

0.976(0.033) 0.821(0.064) 1.132(0.098)  1.018(0.051) 0.858(0.087) 1.097(0.114) 0.994(0.141) 1.127(0.099) 

LD37 How often is [NAME] understandable when speaking to adults other 

than you or other family members? 
0.946(0.035) 0.834(0.068) 0.997(0.094)  0.995(0.059) 0.688(0.086) 0.962(0.103) 1.039(0.144) 0.970(0.108) 

LD33 Which of the following best describes [NAME]'s ability to communicate 

when [HE/SHE] is not first understood? 
0.834(0.032) 0.668(0.053) 0.858(0.075)  0.871(0.048) 0.569(0.079) 0.785(0.096) 0.930(0.132) 0.879(0.094) 

Note. B represented the unstandardised beta coefficient, and se represented standard error. 1 Low-frequency observations for LD36 and LD37 response ‘never’ (n < 5) for group(s) meant that responses 

of 0 (‘never’) were re-coded to be equal to 1 (i.e., combined responses with ‘Rarely’); 2 Low-frequency observations for LD35 response ‘never or rarely asks adults questions’ (n < 5) for group(s) meant that 

responses of 1 (‘never or rarely asks adults questions’) were re-coded to be equal to 2 (i.e., combined responses with ‘Occasionally’); 3 Low-frequency observations for LD36 response for group(s) meant 

that responses of 0 (‘Never’) were re-coded to be equal to 1 (i.e., combined responses with ‘Rarely’). 
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Appendix 5 Table 3  

Model Fit Indices for the One-Factor Model of the PROL Items Administered in the GUiNZs 54-Month Maternal-Report Assessment  

Analysis Model Chi-Square 
Free 

parameters 
CFI SRMR RMSEA (90% CI) DIFFTEST 

CFA by gender Overall (n = 6133) 22.82(5), p < .001 20 0.996 0.012 0.024 (0.015, 0.035), p = 1.000 - 

 1 Boys (n = 3149) 15.66(5), p = .008 18 0.995 0.014 0.026 (0.012, 0.041), p =  .997 - 

 1 Girls (n = 2979)   9.07(5), p = .106 18 0.998 0.012 0.017 (0.000, 0.033), p = 1.000 - 

1 MG-CFA by gender Configural 24.06(10), p = .006 36 0.997 0.013 0.022 (0.011, 0.033), p = 1.000 - 

 Scalar 58.01(21), p < .001 25 0.991 0.018 0.024 (0.017, 0.031), p = 1.000 33.01(11), p = .001 

CFA by ethnicity 1 European (n = 3002) 22.51(5), p <.001 18 0.991 0.019 0.034 (0.021, 0.049), p = .960   

 2 Māori (n = 517) 9.45(5), p = .077 17 0.988 0.028 0.044 (0.000, 0.084), p = .542   

 1 Pacific (n = 729) 6.16(5), p = .291 18 0.997 0.017 0.018 (0.000, 0.057), p = .900  

 3 Asian (n = 666) 7.45(5), p = .189 18 0.991 0.022 0.027 (0.000, 0.065), p = .811  

  Other (n = 659) 5.61(5), p = .346 18 0.999 0.020 0.014 (0.000, 0.057), p = .901  

4 MG-CFA by ethnicity Configural 50.79(25), p < .01 85 0.993 0.021 0.030 (0.018, 0.042), p = .997   

 Scalar 252.96(65), p < .001 45 0.948 0.033 0.051 (0.044, 0.058), p = .396 191.98(40), p < .001 

 Partial scalar (LD34 2nd+ LD37 2nd thresholds free for 

European and Pacific, and  LD33 3rd free for Asian) 
111.730 (60), p < .001 50 0.986 0.028 0.028 (0.020, 0.036), p = 1.000 63.01 (35), p < .01 

Note. Confirmatory Factor Analyses (CFA) and Multi-group confirmatory factor analyses (MG-CFA) were conducted using ordered categorical variable methodology using the Theta parameterization and 

weighted least squares means-variance (WLSMV) estimation as implemented in Mplus v8.10; SRMR = standardised root mean squared residual; RMSEA = root mean square error of approximation; CFI = 

comparative fit index; DIFFTEST = Chi-Square difference test for nested models;  1 Low-frequency observations for LD36 and LD37 response ‘never’ (n < 5) for group(s) meant that responses of 0 (‘never’) 

were re-coded to be equal to 1 (i.e., combined responses with ‘Rarely’); 2 Low-frequency observations for LD35 response ‘never or rarely asks adults questions’ (n < 5) for group(s) meant that responses of 

1 (‘never or rarely asks adults questions’) were re-coded to be equal to 2 (i.e., combined responses with ‘Occasionally’); 3 Low-frequency observations for LD36 response for group(s) meant that responses 

of 0 (‘Never’) were re-coded to be equal to 1 (i.e., combined responses with ‘Rarely’); 4 Low-frequency observations for LD35‘never or rarely asks adults questions ‘were re-coded to be equal to 2 (i.e., 

combined responses with ‘Occasionally’, LD36 and LD37‘Never’ (n < 5)  responses of 0 (‘never’) were re-coded to be equal to 1 (i.e., combined responses with ‘Rarely’) across groups ; gender missing for n 

= 5 case
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8.5.4 Conclusion 

Results in the current research confirmed that the one-factor model of the PROL 

provided a good fit to the data overall, as well as within each gender and ethnicity 

group. These findings provide clearer insight into the validity and reliability of the PROL 

as administered in the GUiNZs, reassuring its use as a reliable tool for measuring young 

children’s expressive language. Invariance testing results further showed that the PROL 

functions consistently across children’s gender groups, and are partially equivalent 

across their ethnic groups, demonstrating suitability for a diverse young children’s 

sample and supporting its generalisability in capturing the intended construct across 

different demographic subgroups. When assessing the invariance of its model across 

groups, results of MCGFA indicate that the PROL demonstrated full MI by the child’s 

gender and partial MI by ethnicity in the 54-month GUiNZs dataset. These full and 

partial invariance models may be used to generate unbiased factor estimates for oral 

language as assessed by the PROL. Using these factors, researchers can proceed with 

substantive analyses combining PROL scores within the population or comparing group 

means.  
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8.6 Appendix 6. The adapted Peabody Picture Vocabulary Test-Third Edition (PPVT-III): 

Application to Young Children’s Receptive Vocabulary and Communication in the New 

Zealand Context 

8.6.1 Introduction 

The Peabody Picture Vocabulary Test (PPVT) was developed to evaluate receptive 

vocabulary and verbal ability in standard American English among individuals aged 2 to 

90+ years (Dunn, 2021; Dunn, 1959; Dunn & Dunn, 2007; Dunn & Dunn, 1981; Dunn & 

Dunn, 1997). Since its inception in 1959, the PPVT has undergone several revisions, with 

the latest edition available being the PPVT-5th (Dunn, 2021; Dunn, 1959). Each version 

differs in terms of the stimulus words, illustrations and the samples used to obtain 

normative scores. This assessment offers several advantageous features: 1) ease of 

administration; 2) no requirement for reading or writing; 3) appropriate for a wide 

range of ages, and 4) its broad applicability. The PPVT-III test administration involves 

presenting examinees with a series of black-and-white line drawings and prompting 

them to select the drawing that best corresponds to a stimulus word spoken by the 

examiner. Examinees are not required to read or write during the test, making it 

accessible to individuals with various literacy levels. As such, the test is suitable for 

administration across a broad spectrum of ages and diverse educational backgrounds, 

enhancing its versatility in various testing environments. However, the PPVT-III is not 

suitable for use with individuals who have significant visual or auditory impairments. In 

light of these qualities, the PPVT-III was adapted for administration as part of the 
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Longitudinal Study of Australian Children (LSAC) and GUiNZs (Ly et al., 2020; Rothman, 

2005). This current report views the content as evidence for the validity of the PPVT-III 

and describes its adaptation for the research purposes of the LSAC and GUiNZs. 

8.6.2 Format and scoring of the PPVT-III 

The PPVT-III assessment is a stand-alone test designed to measure receptive 

vocabulary, comprising four practice items and a set of 204 test items. These 204 test 

items are organised into 17 sets, each containing 12 items of increasing difficulty. Four 

simple black-and-white illustrations (plates) are presented in each test item. During the 

assessment, the examiner says a word, and the examinee’s task is to select the picture 

that they believe best represents the meaning of the word (Dunn & Dunn, 1997). For 

each plate, the interviewer verbally presented a word and asked the child to point to 

the corresponding image or to indicate “don’t know”. The total raw PPVT score is 

computed by tallying the number of correct responses on items with the highest 

discriminatory power for individuals of similar ability. These raw scores can then be 

transformed into standard scores with a mean of 100 and a standard deviation of 15. 

Additionally, age/mental age equivalents, stanines, and percentiles can be derived from 

the raw scores to comprehensively evaluate the examinee’s performance (McKinlay, 

2011). 

8.6.3 Validity of the PPVT-III as an Assessment of Vocabulary Among Children 

Previous research has explored the PPVT-III’s validity, consistency and reliabilities in 

evaluations of children’s English vocabulary skills, establishing its utility as both a tool 
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for evaluating English vocabulary acquisition, and a screening instrument for identifying 

potential underachievement (Campbell et al., 2001; Dollaghan & Campbell, 2009; Gerde 

& Powell, 2009; McKinlay, 2011; Phillips et al., 2004). Previous research by Culbert et al. 

(1989) indicated a one-factor structure of the PPVT first version in a psychiatric sample 

aged from 6 to 16 through a principal axis factor analysis using varimax rotation. The 

subsequent PPVT-III has also been identified as an evidence-based assessment 

instrument for use with paediatric populations and typically developing children 

(Campbell et al., 2008). Research from the US shows the PPVT-III is a culturally valid test 

for use with African American children, as well as children in ethnic minorities (Dunn & 

Dunn, 1997). For example, the study by Campbell et al. (2001) examining the 

concurrent validity of the PPVT-III found that a receiver operating characteristic analysis 

supported the PPVT-III as a valid intellectual and achievement screener for children. In 

the research, the area under the curve (AUC) was used as the index of the ROC to 

interpret the probability of a screening test score correctly classifying a pair of 

participants. 0.7 to 0.9 denotes moderate test accuracy and 0.9 to 1.0 high test accuracy 

(Swets, 1988, 1992). Results of the ROC analysis indicated that using standard scores, 

the PPVT-III yielded an AUC of 0.909, with a standard error of 0.051 used as an 

intellectual screener, and an AUC of 0.823 with a standard error of 0.031 as an 

achievement screener. Longitudinal investigations in New Zealand have found that 

antenatal and perinatal risk factors in mothers, such as antenatal anxiety, pre-

pregnancy smoking, or lack of folic acid intake during pregnancy, are associated with 
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below-average receptive English language skills in preschool children at 54 months, as 

assessed by PPVT-III (Galvin et al., 2020; Neumann et al., 2019).  

8.6.4 Cultural Biases on PPVT-III 

While research findings support the validity and reliability of the PPVT-III for the 

populations for which it was originally developed, caution is needed when applying this 

assessment to individuals from different cultural and linguistic backgrounds (Haitana et 

al., 2010; Stockman, 2000). Stockman (2000) raised concerns regarding the equitable 

nature of standardised vocabulary measures and the need to re-evaluate potential test 

biases, especially considering that children from culturally, linguistically, and 

socioeconomically diverse backgrounds may have varying understandings of English 

word meanings compared to monolingual children due to their distinct cultural and 

linguistic experiences. Indeed, a subsequent study by Champion et al. (2003) indicated 

that the PPVT-III tended to assign lower scores disproportionately to African American 

children from low-income backgrounds. Children’s receptive language performance on 

the measure does not reflect receptive language development per se but is 

confounded by environmental exposures to the English language. For instance, 

research suggests that the support for children’s access to vocabulary learning 

resources available at home and within the community can have positive effects on 

children’s proficiency in their ethnic language vocabulary (Dixon et al., 2012). However, 

due to prior research supporting the fairness of the PPVT-III for children from diverse 

cultural, linguistic and socioeconomic backgrounds, the PPVT-III version appears more 
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suitable for individuals from diverse racial and income groups compared to earlier 

versions (Wood & Schatschneider, 2019).   

Even though research indicated minimal biases in the PPVT test (Argulewicz & Abel, 

1984; Halpin et al., 1990), there remains relatively less attention investigating potentially 

culturally biased items of the PPVT-III  in the New Zealand context (Haitana et al., 

2010). For example, a controversy arose over whether lower maternal education shows 

greater predictive validity of the NZ Communicative Development Inventories: Words 

and Sentences in relation to the PPVT-III, compared to those with higher maternal 

education in New Zealand contexts (Reese & Read, 2000). Possible reasons for the 

inconsistency of such findings may relate to differences in maternal reporting 

strategies. Additionally, variances in the methodologies used or true differences in 

vocabulary could contribute to the observed ethnic group disparities in PPVT-III scores. 

Research by Haitana et al. (2010) within the New Zealand context, suggests that the 

PPVT-III can serve as an appropriate assessment of English vocabulary for Māori 

children aged 5-11, but it may not be suitable for measuring overall language ability. 

The research assured the PPVT-III to be a relatively unbiased test for Māori children, 

and culture can impact the ways people respond to standardised assessments. 

Concepts and ideas valued by one culture may not be interpreted equally by 

another. Ensuring the fairness of a test requires the incorporation of culturally 

appropriate knowledge and testing methods that are suitable for individuals from 

diverse cultural backgrounds (Palmer, 2004). Further, ECE education and interventions 
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that address the social, emotional, language and cognitive needs of young children are 

requested to be culturally sensitive. Therefore, the following sections present an 

examination of the validity and predictability of the adapted PPVT-III used as an 

indicator of young children’s receptive language in the current research.   

8.6.5 The Adapted PPVT-III in the GUiNZs 

To assess receptive vocabulary and verbal ability among 54-month preschoolers, 

the Growing Up in New Zealand study (GUiNZs) employed an adapted version of the 

original PPVT-III comprising a selection of 40 plates/items. This approach aligns with 

the methodology utilised in the Longitudinal Study of Australian Children (LSAC), noted 

by Rothman (2005), in which the adapted PPVT-III overall score was created through 

the Rasch Modelling technique within the LSAC dataset (Australian Bureau of Statistics, 

2020). These stimuli were selected from the full PPVT-III battery based on the position 

of items in the original PPVT-III, and the administration purpose of the test, especially 

regarding the number of correct items required for the basal/ceiling sets (Rothman, 

2005). The adapted version of the PPVT-III provided similar results to the full version, 

with a robust correlation between the adapted and full test scores of 0.93 for all 

children and 0.91 for children aged 4.  

The adapted version of the PPVT-III has predominantly been used in  Australia and 

New Zealand (Christensen et al., 2017; Feeney et al., 2015; Walker & Berthelsen, 2017). 

Research by Hammersley et al. (2022) using LSAC data found that a healthier dietary 

intake measured by the frequency of children's consumption of seven types of food at 
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age 2-3 was longitudinally associated with better verbal cognitive skills at ages 4-5, as 

measured by the adapted PPVT-III. Longitudinal research from Chong et al. (2019) 

found that temperament at 2-3 years of age is associated with verbal cognitive skills at 

6-7 years of age. Significant differences shown in the adapted PPVT-III were observed 

between children with multilingual backgrounds living in Australia compared to 

children with monolingual backgrounds (McLeod et al., 2016). In the New Zealand 

context, lower PPVT-III receptive language scores among children participating in the 

54-month assessment wave from the GUiNZs are associated with delayed executive 

function. Further analysis of the GUiNZs data indicated that maternal smoking before 

pregnancy, folate intake during the first trimester and antenatal anxiety 

were significantly highly associated with children’s receptive language measured by the 

adapted PPVT-III at 54 months (Neumann et al., 2021a). Overall, the adapted PPVT-III 

has supported the research regarding children’s vocabulary or receptive language 

development in Australia and the New Zealand context.  

8.6.5.1 Administration of the Adapted PPVT-III.  

The administration of the adapted PPVT-III begins by presenting the child with two 

training items/plates, each displaying four distinct images, and asking them to point to 

the image that matches the given word or respond with ‘don’t know’. The actual test 

phase begins if the child responds correctly to both items/plates. The test phase begins 

with the presentation of Set 1 (Core Set), comprising a sequence of 20 plates/items, 

each displaying four distinct images. If the child made 15-20 errors in the Core set, they 
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were presented with Set 2 (Basal set), comprising 10 additional items/plates. If a child 

made 7-14 errors on the Core set, they were assumed to have answered all 10 items in 

the Basal set correctly, and the test was concluded. If the child made 0-6 errors in the 

Core set, they were assumed to have answered all 10 items in the Basal set correctly 

and were presented with Set 3 (Ceiling set), comprising 10 new items. If the child 

declined to continue at any point during the test, the test was concluded, and no total 

score was calculated.  

8.6.5.2 Scoring the Adapted PPVT-III. 

In the GUiNZs PPVT-III technical report Ly et al. (2020), three potential approaches 

to scoring responses to the adapted PPVT-III were evaluated, based on similar work 

from the LSCA (Rothman, 2005). The first was equal weighting raw score summation, in 

which scores were calculated by summing the number of correct answers 

given/assumed, with each item carrying an equal weighting of ‘1’. This resulted in a tri-

modal distribution of scores for the sample, reflecting the range of total scores 

achievable with completion of Set 1 and Set 2; Set 1 and with all 10 Set 2 items 

assumed correct; Set 1 and with all 10 Set 2 items assumed correct + Set 3.  

The second method reflected a differential weighting score summation. In this 

method, an index of the relative difficulty of each item relative to the average 

inaccuracy displayed within each set (i.e., % item inaccuracy ÷ average % item inaccuracy 

in the set) was calculated based on observed responses in the sample overall. As such, 

items that were identified with higher inaccuracy relative to the average inaccuracy 
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within the set were weighted greater than 1, and items identified with lower inaccuracy 

relative to the average inaccuracy within the set were weighted less than 1. As seen in 

the raw score summation, a score calculated as the sum of correct/assumed difficulty-

weighted items for participants resulted in a tri-model distribution of scores for the 

sample. To normalise this distribution, GUiNZs researchers built a model to estimate the 

missing Set 2 and/or Set 3 scores for those who did not complete these Sets. Linear 

regression models predicting Set 2 or Set 3 weighted scores from Set 1 weighted 

scores were estimated among those who completed Set 1 + Set 2 or Set 1 + Set 3. For 

those who had not completed Set 2 and/or Set 3, coefficients from the linear models 

were used to estimate a Set 2 and/or Set 3 difficulty-weighted score (range 0-10) 

based on transformed summed Set 1 difficulty-weighted scores. The sample’s adjusted 

difficulty-weighted scores displayed a normal distribution. 

The third scoring method was a latent ability assessment conducted using Item 

Response Theory (IRT) models. In these models, latent ability levels were determined by 

anchoring within the Core Set (Set 1) items to allow for proportional scaling of both the 

Basal and Ceiling Sets, rather than applying equal increments solely to the Basal Set. 

Ultimately, the GUiNZs determined that a 3-parameter model (modelling item difficulty, 

discrimination, and guessing) was preferred. 

8.6.6 Current Research  

Current research will employ the variable derived from the 3-parameter IRT model 

analysis conducted by the GUiNZs to assess receptive vocabulary performance in 
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children from the GUiNZs 54-month cohort. The derived scores range from -4 to 3 

with a mean score of 0 and display a positively skewed distribution.  

Prior research has categorised scores that were one or more standard deviations 

below the mean as indicating ‘below average’ receptive language performance, with all 

others considered to indicate typical receptive language performance (Neumann et al., 

2019). The current work will treat the variable as a continuous indicator of receptive 

language performance. While the adapted PPVT-III score derived from the 3-

parameter IRT model offers advantages over 1- and 2-parameter models by 

accounting for item difficulty, discrimination and guessing, which allows more precise 

calculation of the latent ability, it is important to note its limitations as an indicator of 

development in the current research. First, it is not possible to assess the measurement 

invariance of the adapted PPVT-III at the construct level by ethnicity or gender. Further, 

it is important to consider the measure’s validity for children with diverse cultural or 

linguistic backgrounds (Dixon, 2011; Dixon et al., 2012). In Appendix 6 Table 1, most 

children with the adapted PPVT-III scores in the GUiNZs research were identified as 

English speakers at the 54-month assessment (99.7% of children spoke English). 490 

children with the PPVT-III scores did not speak English as their primary language at 

home. The adapted PPVT-III was completed by 5606 (90.82%) of the 6156 children 

participating in the Child Observation component of the GUiNZs 54-month assessment 

wave. Appendix 6 Table 1 describes this group of children by gender, Mother-
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prioritised children’s single-combined ethnicity and language ability assessed by the 

adapted PPVT-III.  

Appendix 6 Table 1  

Frequency of  the PPVT-III Across Children’s Gender and Mother-Prioritised Single-Combined Ethnicity 

Grouping variables  Categories  Number of participants engaged in the PPVT-III test (n) 

Children’s gender Boy 2854 

Girl 2749 

missing < 10  

Mother-prioritised 

children’s single-

combined ethnicity 

New Zealand Europeans only 2842 

Māori only 456 

Pacific people only 658 

Asian only 575 

Other ethnicities only 551 

Dual 436 

missing 88 

Language speaking English 5591 

Not speaking  11 

missing < 10  

Language mostly 

speaking at home 

with PPVT-III scores 

English 1340 

Language other than English  490 

Missing  3770 

Don’t know’ < 10  

Total 
 

5606 

Note. Other ethnicities include MELAA, Other and New Zealander. Low-responses item ‘Don’t know’’ where cell size < 10 were 

treated as missing values. Cases with missing values were excluded in the following analyses. 

The current research uses children’s gender and ethnic groups as potential 

indicators for understanding the diverse young children’s sample. Of those children 

with adapted PPVT-III scores, gender groups made up a balanced sample, with each 

gender group accounting for approximately 50% of the overall sample; for children 

identified with a single-ethnicity group, 436 were identified with two or more ethnic 
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groups. For those who were best identified with a single-ethnicity group, around half 

were NZ European, 8.13% Māori, 11.74% Pacific Peoples, 10.26% Asian, and 9.83% other 

ethnicities including MELAA (Middle Eastern/Latin American/African) and New 

Zealanders, a detailed description can be found in Appendix 2 Ethnicity Prioritisation in 

the current research. Previous research using the GUiNZs dataset highlights distinct 

patterns in the distribution of latent receptive language skills among 54-month-old 

children, adding insights into the diverse sample. The study by Ly et al. (2020) 

highlights the following key findings: 

 (1) There are gender differences in adapted PPVT-III scores. 54-month-old girls 

scored higher (m = 0.04, sd = 0.89) than boys (m = -0.04, sd = 0.92). The distributions 

of latent receptive language abilities were approximately normally distributed for both 

gender groups, with mean scores closely aligned with the median scores.  

(2) There are differences in adapted PPVT-III scores between ethnic groups. Ly et 

al. (2020) applied the administered prioritisation of mother-prioritised child’s ethnicity 

which assigned individuals to one ethnic group according to the prioritised order as 

listed in the Department of Statistics (1993): Māori > Pacific Peoples > Asian > Other 

ethnic groups except for European > European, and examined the latent receptive 

language abilities for each of the ethnic groups. Results indicated that European 

children exhibited higher scores (m = 0.32, sd = 0.78), compared to children from other 

ethnic groups, including Māori (m = -0.27, sd = 0.87), Pacific (m = -0.71, sd = 0.881), 

Asian (m = -0.49, sd = 0. 79), and ‘Other’ ethnicities that include MELAA and other 
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ethnicities not reported within the European, Māori, Pacific, or Asian groupings (m = -

0.453, sd = 0.938). Examination of the distribution of latent receptive language abilities 

scores revealed some distinctive patterns. There was no clear distribution pattern for 

the ‘Other’ ethnicities group. The distribution for NZ European was skewed to the right, 

with the majority of children scoring above the sample mean within the group 

indicating a high level of performance on the adapted PPVT-III task within this group, 

whereas the distributions for Māori, Pacific, and Asian children are skewed to the left, 

indicating fewer children score higher than the sample means within each ethnic group 

and performance disparities within these ethnic groups.  

In light of existing analyses of the adapted PPVT-III score and theoretical models 

suggesting cultural- and language-associated biases associated with childhood 

assessments of receptive language ability, these observed trends can not necessarily be 

viewed as either group differences or indicative of measurement non-invariance of the 

adapted PPVT-III as these cannot be assessed at the construct level from the single 

indicator (the latent variable scores) available. The current research intended to use 

these scores as an indicator of receptive language ability within a finite mixture model. 

However, we cannot assess measurement invariance at the construct level, and the 

formation and comparison of finite mixture models across gender and ethnic groups 

may be affected by the potential non-invariance of adapted PPVT-III scores. To address 

these issues, potential measurement non-invariance at the person-centred model level, 

accounting for measurement non-invariance in the model indicators, will be assessed 
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across children’s gender and ethnic groups using the covariate approach (Bettencourt 

et al., 2022; Masyn, 2017). 



 366 

8.7 Appendix 7. The Adapted Pencil Tap Task-Hand Clap Task: Application to Young 

Children’s Executive Function in the New Zealand Context 

8.7.1 Introduction 

The Hand Clap task, as adapted from the Pencil Tap task in the GUiNZs, primarily 

measures a child’s performance in inhibitory control alongside other components of 

executive function such as working memory (Buckley et al., 2019). The original Pencil 

Tap task, derived from the Luria-Nebraska Neuropsychological battery (Bialystok et al., 

2010; Golden et al., 1980; Plaisted et al., 1983), has been utilised in longitudinal studies 

such as the Preschool Self-Regulation Assessment (Smith-Donald et al., 2007) and has 

shown sensitivity to inhibitory control (Rhoades et al., 2009). The task requires the 

capacity to simultaneously consider two things while demonstrating inhibitory control 

over one’s behaviour (Diamond & Taylor, 1996). Specifically, children are instructed to 

tap once when an assessor taps twice and twice when an assessor taps once. 

Performance on the task is assessed using the percentage of correct responses, serving 

as an indicator of inhibitory control. The task is well-suited for assessing young 

children’s inhibitory control as it aligns with the developmental progression observed 

during the preschool years when significant improvements in their ability to regulate 

their behaviour (Diamond & Taylor, 1996). In the GUiNZs modification, children 

perform hand clapping instead of pencil tapping for the response. The task retained the 

original task’s reverse imitation, requiring inhibitory control as children perform actions 

that are the opposite to those of an assessor’s across 16 trials. Task outcomes provide 
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the count of correct responses, scored using a standardised scoring technique resulting 

in a total scale score ranging from 0 to 16, such that higher scores indicate greater 

inhibitory control. A previous study from Buckley et al. (2019) in the GUiNZs using data 

from this task from the 54-month child observation assessment wave indicates that the 

hand clap task had good internal reliability, with trial performance demonstrating a 

Cronbach’s alpha of 0.87. 

The Hand Clap task has been used across various GUINZ studies as an indicator of 

54-month-old children’s inhibitory control, EF, and, in concert with other assessments, 

as an indicator of general cognitive outcomes among young children (Buckley et al., 

2019; Corkin et al., 2021; Neumann et al., 2021a; Slykerman et al., 2023). Early 

assessment of executive function is key to children’s overall development, which 

informs strategies to improve EF (Beauchamp & Anderson, 2010; Londono et al., 2024). 

Research in the GUiNZs found that concurrent and persistent behavioural difficulties, as 

noted as abnormal at 54 months, at 2 years and 54 months, are linked with delayed 

executive control during early childhood (D'Souza et al., 2020). High inhibitory control 

in young children as assessed by the Hand Clap Task and categorised into low, 

intermediate, and high groups, is associated with maternal relationship status, maternal 

education, first-trimester folate supplementation, maternal BMI and smoking before 

pregnancy (Buckley et al., 2019). In short, the Hand Clap task can be used as an 

effective tool for assessing EF in young children.  
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8.7.2 Current Research 

The current thesis uses total scores from the Luria Hand Clap task (count scores) as 

an indicator of children’s executive function. The distribution of scores for the Hand 

Clap Task (Appendix 7 Figure 1) exhibited a negative and a small ceiling effect, 

representing a high proportion of children making few errors in task performance. As 

noted in Appendix 7 Table 1, the Hand Clap Tasks score displayed a mean score of 

11.14 with a standard deviation of 5.03, with a median score of 13. The previous score 

categorisation and their respective proportions from the GUiNZs 54-month assessment 

employed an arbitrary categorisation to divide participants into three performance 

groups: low, intermediate, and high groups (Buckley et al., 2019). This categorisation 

was designed to approximate the 25th and 50th percentiles (8 and 13, respectively). 

Within this categorisation, 1473 children scored in the low-performance category, 1387 

fell into the intermediate category, and 2588 were considered high-performance in the 

task.  

Score distributions of the Luria Hand Clap Task by gender and ethnicity are 

presented in Appendix 7, Figures 2 and 3. Regarding gender, mean and median scores 

were slightly higher in girls (mean of 11.52 and median of 14) than in boys (mean of 

10.77 and median of 13). In terms of ethnicity, European children had the highest mean 

(11.60) compared to children of other ethnicities. Pacific children had the lowest mean 

(9.46) and median (11) scores. The distributions of the raw scores also show that scores 

from children in the Māori and Pacific groups displayed a lesser ceiling effect, with 
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higher proportions of scores in the low-to-intermediate range. In contrast, other 

groups share similar skewness and kurtosis in distribution. It is important to note that a 

negative binomial model was chosen because it accounts for overdispersion. The 

model accommodates count data with non-negative integers and includes a dispersion 

parameter to handle variability in the distribution. However, binning data into large 

ordinal categories may reduce statistical power and precision, potentially losing 

important information. Properly assessing the distribution’s shape and dispersion is 

critical to model fitting and interpretation.  

There are three key considerations for using the Luria Hand Clap task in the present 

research. First, the nature of the count data did not allow for testing measurement 

invariance at the construct level using MG-CFA in the current research. Measurement 

invariance test using MG-CFA often requires the data to be continuous or normally 

distributed, whereas the count data violate these distribution assumptions. Second, 

count data may exhibit overdispersion, in which the variance exceeds the mean, 

requiring the use of appropriate models to account for the overdispersion or skewness 

(Cameron & Trivedi, 2013). Third, the current research used median scores of the Luria 

Hand Clap task to compare observed group differences in executive function, as the 

median provides a robust measure of central tendency of discrete data, providing a 

more robust summary of the measure (Wilcox, 2017). Despite these methodological 

considerations, the Luria Hand Clap task in the GUiNZs 54-month dataset remains a 
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valuable indicator of executive function, offering insights into children's learning and 

development.  

Appendix 7 Figure 1  

Distribution of the Luria Hand Clap Task Count Scores in the GUiNZs 54-month Dataset 

 

Note. Missing data is not included here. 

Appendix 7 Table 1  

Summary Statistics for the Raw Scores of the Adapted Luria Hand Clap Task 

 N Missing Mean 1st Median 3rd SD Skewness 
Std. Error of 

Skewness 
Kurtosis 

Std. Error of 

Kurtosis 

Total 5447 709 11.14 8 13 13 5.03 -0.966 0.033 -0.341 0.066 

Boy 2767 398 10.77 7 13 13 5.087 -0.843 0.047 -0.585 0.093 

Girl 2677 309 11.52 9 14 14 4.942 -1.109 0.047 -0.008 0.095 

European only 2781 227 11.6 9 14 14 4.713 -1.129 0.046 0.139 0.093 

Māori only 443 75 10.25 6 12 12 5.394 -0.695 0.116 -0.927 0.231 

Pacific people only 628 101 9.46 4.25 11 11 5.492 -0.421 0.098 -1.229 0.195 

Asian only 554 116 11.46 8 14 14 5.185 -1.103 0.104 -0.154 0.207 

Other only - Other, 

MELAA, NZer 
537 124 11.19 8 13 13 4.875 -1.02 0.105 -0.115 0.21 

Dual 418 48 11.23 8 13 13 5.128 -0.988 0.119 -0.342 0.238 
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Appendix 7 Figure 2  

Distribution of the Luria Hand Clap Task Count Scores by the Child’s Gender 
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Appendix 7 Figure 3  

Distribution of the Luria Hand Clap Task Count Scores by Mother-Prioritised the Child’s Ethnicity 
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8.8 Appendix 8. Profile Membership Transitions in Chapter 5 

8.8.1 Profile Membership Transitions Between Profiles in Variances Fully Constrained 

Models 

Appendix 8 Table 1  

Changes in Numbers of Participants in 3-Group Versus 4-Group Variances Fully-Constrained Models (n) 

 

4-group model 

Profile 1 Profile 2 Profile 3 Profile 4 

3-group model Profile 1 < 10 < 10 360 2249 

Profile 2 440 76 < 10 < 10 

Profile 3 171 641 1443 321 

Note. The number of participants in the middle sections suggested changes in participant counts between the 3-group and 4-

group variances fully constrained models. Low counts (n< 10) do not indicate low item responses but rather reflect small changes in 

participant numbers between profiles in 3-group and 4-group variances fully constrained models. Darker 25% grey represented the 

most significant changes/stabilities in the numbers of participants between profiles in the 3-group and 4-group variances fully 

constrained models; darker 15% grey represented the second largest changes/stabilities; and darker 5% grey represented the third 

largest changes/stabilities.  

Appendix 8 Table 2  

Changes in Numbers of Participants in 4-Group Versus 5-Group Variances Fully-Constrained Models (n) 

 

5-group model 

Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 

4-group 

model 

Profile 1 41 < 10 477 93 < 10 

Profile 2 628 78 < 10 < 10 14 

Profile 3 28 21 < 10 1071 684 

Profile 4 16 2077 < 10 < 10 478 

Note. The number of participants in the middle sections suggested changes in participant counts between the 4-group and 5-

group variances fully constrained models. Low participant counts (n< 10) do not indicate low item responses but rather reflect small 

changes in participant numbers between profiles in 4-group and 5-group variances fully constrained models. Darker 25% grey 

represented the most significant changes/stabilities in the numbers of participants between profiles in the 4-group and 5-group 

variances fully constrained models; darker 15% grey represented the second largest changes/stabilities; and darker 5% grey 

represented the third largest changes/stabilities.  
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8.8.2 Profile Membership Transitions Between Profiles in Variances Freed Models 

Appendix 8 Table 3  

Changes in Numbers of Participants in 3-Group Model Versus 4-Group Model With Variances Freed (n) 

 

4-group model 

Profile 1 Profile 2 Profile 3 Profile 4 

3-group 

model 

Profile 1 912 67 38 < 10 

Profile 2 < 10 < 10 1680 307 

Profile 3 < 10 2300 139 262 

Note. The number of participants in the middle sections suggested changes in participant counts between the 3-group and 4-

group variances freed models. Low participant counts (n< 10) do not indicate low item responses but rather reflect small changes 

in participant numbers between profiles in 3-group and 4-group variances freed models. Darker 25% grey represents the most 

significant changes/stabilities in the numbers of participants between profiles in the 3-group and 4-group variances freed models; 

darker 15% grey represents the second largest changes/stabilities; darker 5% grey represents the third largest changes/stabilities.  

Appendix 8 Table 4  

Changes in Numbers of Participants in 4-Group Model Versus 5-Group Model With Variances Freed (n) 

 

5-group model 

Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 

4-group 

model 

Profile 1 87 532 295 < 10 < 10 

Profile 2 868 < 10 334 11 1154 

Profile 3 74 < 10 193 1562 28 

Profile 4 < 10 < 10 < 10 281 280 

Note. The number of participants in the middle sections suggested changes in participant counts between the 4-group and 5-

group variances freed models. Low participant counts (n< 10) do not indicate low item responses but rather reflect small changes 

in participant numbers between profiles in 4-group and 5-group variances freed models. Darker 25% grey represents the most 

significant changes/stabilities in the numbers of participants between profiles in the 4-group and 5-group variances freed models; 

darker 15% grey represents the second largest changes/stabilities; darker 5% grey represents the third largest changes/stabilities.  
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