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Abstract 
This thesis focuses on the potential for high quality early childhood education 

and care (ECEC) programs to narrow the cognitive achievement gaps associated with 

family socio economic status (SES). Large benefits have been observed in carefully 

designed experiments that implement model ECEC programs. In such programs, 

achievement gaps between children from lower SES families and their more advantaged 

peers are narrowed and potentially closed. This is not, however, the pattern observed in 

everyday ECEC programs in the population where typically small, no, or negative 

effects are observed. 

This thesis considers how families are constrained by the availability of ECEC 

programs in their local area (availability), how the choice of ECEC program is 

influenced by family context (decision making), and how much ECEC programs 

contribute to the learning and development of children from low SES backgrounds 

(effectiveness). 

Using data from the E4Kids study, negotiated data linkages, and public data 

collections this thesis contributes new knowledge about the Australian ECEC market 

and its effectiveness. Altogether, 2494 children participated in the study and 

longitudinal data is used from the years 2010 to 2012, covering the children’s transition 

from ECEC programs into school. 

Major findings include that: 

• The local ECEC market (the ECEC programs near to family’s homes) is 

smaller than previously thought. 

• There are relatively fewer ECEC spaces per resident child in low SES 

areas, and on average they were found to be of lower quality.  

• Families from low SES background tend to select lower quality ECEC 

programs particularly when children are two or more years before 

school.  

• The typical ECEC programs observed in Australia provide small and 

positive effects for the children who attend them, controlling for the local 

market size and the family selection process. There was, however, no 

evidence found that children from low SES backgrounds catch up to 

their more advantaged peers. 
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The everyday ECEC market in Australia is not organised to deliver a reduction 

in the inequality of outcomes observed for children from low SES backgrounds. There 

is substantial potential to lift the quality of all ECEC programs, but particular attention 

should be given to programs operating in low SES areas, and serving the youngest aged 

children. 
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Preface  
1. This thesis is comprised of my own original work. I have conceptualised, 

undertaken the data modelling (e.g., modelling the relationships in the data and 

producing the data sets) and statistical analysis, and written all the content 

presented within this thesis. I collaborated with members of my supervisory 

team to co-author the first study presented (see point 5 below). Early versions of 

the analysis in this thesis were presented at conferences and are duly cited at the 

beginning of each of the three results chapters. The main source of collaboration 

was in the design and implementation of the E4kids study: the primary source of 

the data used in this thesis. Work that was solely conceptualised by the 

investigators of the E4Kids study or the supervisory team is not presented within 

the thesis: instead it is cited as a source in the text of the thesis. The methods 

chapter, including the section on sampling and weighting is my own written 

work that relied on the intellectual contributions of the supervisory team. 

2. None of the work presented has been submitted for other qualifications. 

3. Prior to enrolment, I was engaged as a Research Assistant and later Research 

Fellow on the E4Kids study. I was engaged with the study Board that was 

responsible for the conceptualisation and design of the study. Key activities that 

I was engaged in included drafting the grant applications and contracts, 

designing the sampling and weighting approach, selecting the instrumentation 

used in the study, recruiting the sample, training the data collection team, and 

working in the field. I worked with the supervisory team during this period, 

particularly Collette Tayler (all aspects of the E4kids study), Raymond Adams 

(sampling and weighting approach), and Gordon Cleveland (sampling and 

weighting approach and instrument selection – e.g. survey design). There was 

substantial overlap with many of these tasks and my candidature as both my 

candidature and the study commend in 2010. 

4. No third party editorial assistance, either paid or voluntary, was used to produce 

this thesis. The supervisory team provided detailed feedback, commentary, and 

edits, and the University of Melbourne Academic Skills Team provided advice 

about structure and voice based on earlier drafts. 
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5. Paper 1, presented in this thesis, is a substantially unchanged multi-author paper 
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following contributions (signatures attesting these contributions can be found in 
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manuscript, provided detailed feedback on structure and content, 
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manuscript as submitted.   
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Chapter 1: Introduction 
Children from families of low socio economic status (SES) are at greater risk of 

poorer developmental outcomes than their more socially advantaged peers. This pattern 

is well established, particularly in research from the US (Duncan & Sojourner, 2013). 

These differences are observed early and for a range of developmental domains 

including cognitive, social and emotional, and health outcomes (Cunha & Heckman, 

2009). Similar patterns are also observed in Australia (Nicholson, Lucas, Berthelsen, & 

Wake, 2012). Poorer developmental outcomes in the short-term are related to later 

outcomes. Children from families of low SES tend to have poorer adult outcomes 

compared to their peers. This leads to the intergenerational transmission of poverty and 

disadvantage. Children, in part, inherit the outcomes of their parents (Corak, 2013a). 

A considerable amount of research has, therefore, been undertaken to identify 

interventions that may break the intergenerational transmission of poverty and 

disadvantage and improve social equity. Early childhood education and care (ECEC) is 

considered a particularly potent intervention. Randomised control trials (RCTs) in the 

US have shown that there are substantial benefits for children from low SES 

backgrounds who attend ECEC programs (Campbell & Ramey, 1994; Schweinhart, 

2005). The ECEC programs in these experiments have been demonstrated to narrow 

developmental gaps and recent empirical evidence suggests they can close 

developmental gaps in the short-term (Duncan & Sojourner, 2013).  

Short-term benefits can translate into long-term benefits: early learning 

compounds into more complex capabilities (Cunha & Heckman, 2009). ECEC 

programs have the potential to ensure children enter school on a more equal 

developmental footing and, all other things being equal, these gains compound into new 

skills and capabilities that lead to long-run outcomes into adulthood (Pungello et al., 

2010; Schweinhart, 2005). This has the net effect of reducing the influence that family 

SES has on lifelong outcomes, and reduces the intergenerational transmission of 

poverty and disadvantage. 

The prospect of lifelong benefits is a major reason why governments have 

increased public investments in ECEC programs. This is thought to be prudent because 

the benefits of ECEC programs partly accrue to the public: greater employment, fewer 
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arrests and crimes, and fewer negative or risky behaviours produce greater tax income, 

and fewer welfare and public costs (Schweinhart, 2005). This, coupled with evidence 

that early interventions in human capital and skill formation have greater returns than 

later investments (e.g., re-skilling or remediation) mean that investments in ECEC are 

argued to be efficient for skill formation and productivity (Cunha & Heckman, 2009; 

Organisation for Economic Co-operation and Development, 2006). Ensuring equal 

opportunity to access highly effective ECEC programs can contribute to economic 

growth through individuals reaching their potential and overcoming the effects of 

inequity (Organisation for Economic Co-operation and Development, 2011a). 

Despite this substantial evidence of the potential effectiveness of ECEC and the 

commensurate increase in public investment, SES-based achievement gaps have 

increased by up to 40 per cent since the 1970s in the US (Reardon, 2011). More recent 

evidence relating to school achievement in Australia suggests that SES based disparities 

are staying constant at best during the 2000s (Ainley & Gebhardt, 2013; Organisation 

for Economic Co-operation and Development, 2013). Taken together, there is evidence 

that SES achievement gaps are not narrowing. 

The major objective of this thesis is to investigate the access to, the use of, and 

the effects of use of ECEC programs by families from low SES backgrounds. This is an 

important area of research because ECEC programs have the potential to impact 

children’s lives throughout their life course and to promote equity. In the context of 

persistent SES gradients, this thesis contributes new knowledge about the contribution 

ECEC programs are making to children’s developmental outcomes. This thesis asks 

whether ECEC programs are delivering on their potential to narrow SES based 

achievement gaps. 

Everyday ECEC programs 
Everyday ECEC programs are those that are available to the population of 

families under usual conditions. In Australia, everyday ECEC programs are provided in 

a mixed-market whereby for-profit, not-for-profit, school, and government managed 

providers compete. Families choose to attend programs (or not) and there are fee-

subsidies provided by government to promote usage. These everyday programs are less 

intensively resourced than the programs offered by the RCTs in the US. Each family in 

Australia must choose whether they will use an ECEC program, and which programs 
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suit their family best. Families are faced with constraints like travel, time and price that 

limit the ECEC programs they have to choose from. 

Everyday ECEC programs have been found to deliver smaller effects than the 

ECEC programs in the RCTs. Observational studies of ECEC programs in-situ 

demonstrate these comparatively smaller effects (National Institute of Child Health and 

Human Development Early Child Care Research Network & Duncan, 2003). Effect 

sizes for everyday ECEC programs on children’s developmental outcomes range from 

negative to zero (Baker, Gruber, & Milligan, 2008), through small to moderate 

(National Institute of Child Health and Human Development Early Child Care Research 

Network, 2006). The effects specifically for children from low SES backgrounds are 

similar in magnitude. In the US, programs that are specifically provided for low income 

families have modest short-term effects: for example, Early Head Start (Love et al., 

2005), and Head Start (Puma et al., 2010) deliver small effect sizes for cognitive 

outcomes (less than 0.3). In comparison, the Abecedarian preschool program, assessed 

using an RCT design, had effect sizes of 1.08 on IQ at age 4.5 years, and 0.39 at age 15 

(Effect sizes here represent the SD change in the outcome measure between those who 

did and did not participate in the program) (Ramey et al., 2000). 

The smaller effect sizes of everyday ECEC programs are plausibly explained by 

two key factors. The first is that families self-select the ECEC programs they attend. 

There is not perfect allocation of children to the most effective programs. In the early 

childhood sector, the effectiveness of ECEC programs is typically explained by quality. 

Quality mediates the extent to which ECEC programs influence children’s 

developmental outcomes. Some quality aspects of ECEC programs, particularly the 

relationships and interactions between adults and children, are empirically shown to be 

associated with children’s development (Sabol, Soliday Hong, Pianta, & Burchinal, 

2013; Snow & Van Hemel, 2008). Quality will be used in this thesis to describe the 

nexus between the input of ECEC programs and the output of children’s developmental 

outcomes. Higher quality programs will contribute more to children’s developmental 

outcomes than lower quality programs. Current research considers quality as both a 

relative construct (e.g., programs can be relatively higher or lower quality than one 

another) and an absolute construct (e.g., regulatory frameworks set standards of quality 

or hypothetical cut-offs are set under which programs are be considered low quality and 
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would not be expected to contribute to developmental outcomes) (Burchinal, 

Vandergrift, Pianta, & Mashburn, 2010; Sabol et al., 2013). Further discussion of this 

can be found in the following chapter. In the RCT programs, for example, children from 

highly disadvantaged backgrounds were allocated to programs specifically designed to 

boost their developmental outcomes regardless of whether their families could afford 

them, or whether they would be otherwise provided in their local neighbourhood under 

the regulatory and market conditions of the day. When families must select and pay for 

everyday ECEC programs, children from vulnerable backgrounds – more likely to have 

poorer developmental outcomes –may not get access to the kind of effective programs 

most likely to boost their development. The second explanation is that everyday 

programs are different in structure and design compared to the RCT programs. 

Everyday ECEC programs are designed from a range of curriculum approaches and 

they accommodate the needs of the families who choose them including their 

preferences for price and other features. Everyday ECEC programs could be 

systematically less effective in raising child development outcomes than the RCT 

programs. 

Families consider convenience (e.g., distance to travel, proximity to other 

children’s school) as well as quality and these are correlated with family SES 

(Johansen, Leibowitz, & Waite, 1996). In Australia, there is robust evidence that 

children from low SES backgrounds are less likely to access any ECEC program than 

those from higher SES backgrounds and when they do, they tend to take part for fewer 

hours (Baxter & Hand, 2013; Harrison, Ungerer, Smith, Zubrick, & Wise, 2010). 

Families from low SES neighbourhoods are also more likely to report difficulties in 

finding their preferred mix of ECEC program characteristics (Yamauchi, 2010). There 

is some international literature to suggest that high-quality ECEC programs may be less 

likely to operate in low-income neighbourhoods making them harder for some families 

to access (Dickens, Wollny, & Ireland, 2012; Small & Stark, 2005). There is, however, 

no such evidence in Australia and this is a significant knowledge gap (Baxter & Hand, 

2013). 

High-quality programs are associated with greater developmental gains than 

low-quality programs (Burchinal et al., 2008). High-quality interventions that are 

modelled on RCT programs have demonstrated the capacity to close developmental 
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differences associated with low SES backgrounds, in the short term (Duncan & 

Sojourner, 2013). It is plausible to consider that everyday ECEC programs are of lower 

quality than those provided in the RCTs, although there are no ratings of the RCT 

programs on standard measures to make empirical comparisons of the magnitude of the 

quality gap. Observations of everyday ECEC programs in the US, UK, and Australia, 

however, show that some aspects of ECEC quality are low across the entire population 

(Tayler, Ishimine, Cloney, Cleveland, & Thorpe, 2013). There is little empirical 

evidence of the effect of quality of ECEC programs on Australian children’s 

developmental outcomes, though recent studies speculate that the effect should be 

similar or stronger than those findings in the US (Coley, Lombardi, & Sims, 2014). 

Another key element to ECEC program efficacy is dosage. That is, at what age 

does the child begin attending ECEC programs (age of entry), and for how many hours 

does the child attend a particular ECEC program (dose)? Evidence of the effect of 

dosage is mixed in the US. Some studies find no dose-response1 (National Institute of 

Child Health and Human Development Early Child Care Research Network, 2003) or 

no effect for full-time participation versus part-time participation (in pre-kindergarten 

programs in this case) (Howes et al., 2008; Sylva, Melhuish, Sammons, Siraj-

Blatchford, & Taggart, 2004). Other studies imply a heterogeneous dosage response. 

The Abecedarian preschool interventions found, for very vulnerable children, there are 

significant differences in effects on children for ECEC programs providing more than 

450 hours per year compared to 300 (Campbell et al., 2012; Reynolds, Temple, Ou, 

Arteaga, & White, 2011). Similarly, some studies find that age of entry predicts stronger 

child outcomes. For example, an Australian study finds stronger associations with 

outcomes for ECEC program attendance before the kindergarten year (i.e., before the 

year before school) (Coley et al., 2014). Other studies find this only holds for low SES 

children (Reynolds et al., 2011). There is therefore no agreement on what is an optimal 

dosage of ECEC programs, although there is limited support for the importance of 

greater dosage for children from low-SES backgrounds. Perspectives on dosage, 

however, must be balanced by pragmatic considerations, like providing sufficient hours 

                                                
1 Dose-response refers to the relationship between dose and outcome. A positive 

dose-response implies that as the number of hours increases the developmental benefit 
also increases. Dose-response can be a linear or non-linear.  
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(and access in the early years) to support the employment, education, and social 

participation needs of families (Gilley, Niklas, Tayler, & Cloney, 2015). 

Research aims and scope 
While there are strong expectations that ECEC programs can ameliorate SES 

gradients, there is little empirical evidence in Australia to inform our understanding. 

Instead, there is a strong reliance on international research and on assumptions about the 

similarities among wealthy English-speaking countries. The key aim of this thesis is to 

contribute new knowledge about whether ECEC programs are adding value to the 

development of children from low SES backgrounds in Australia. To achieve this, three 

specific issues are identified.  

 Availability of ECEC programs. The first is whether high-quality programs 

are equally available in all neighbourhoods in Australia. If there is equity in the 

availability of ECEC programs, a constant distribution of the number of spaces and the 

quality of programs across neighbourhoods would be evident. 

Family selection of ECEC programs. The second is whether families at 

different levels of SES use the same levels of ECEC quality. Large developmental 

effects are only expected when children attend high-quality ECEC programs (Burchinal 

et al., 2010). For children from low SES backgrounds to gain maximum benefit they 

must attend programs of at least equal quality to their more advantaged peers. If there 

are differences in the level of quality, this thesis will investigate family characteristics 

that systematically predict using higher levels of quality ECEC. 

Children’s development. The third issue is whether ECEC programs add value 

to the developmental outcomes of the children who attend them. Specifically, how do 

ECEC programs affect children from low-SES families? 

Scope. In order to achieve these aims, there must be limitations on the scope of 

this study. The thesis addresses the influence of quality within ECEC programs; the 

effect of not attending an ECEC program is not tested. In other words, lower quality 

within an ECEC program is the counterfactual to receiving higher quality. Further, well-

established and standardised measures of ECEC quality will be used. Their selection 

and use are discussed in the methods chapter that follows. The final limit on the scope is 

that the outcomes addressed will be children’s cognitive outcomes. There are a number 

of US studies that assess cognitive outcomes and there are strong established pathways 
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from cognitive development to academic achievement. For this study to contribute 

comparative findings around magnitude of effect in Australia, similar measures will be 

used. 

Theoretical perspective 
This section grounds the research aim and the three key issues identified above 

in theory. By doing so, this section introduces plausible mechanisms through which 

SES affects the availability of ECEC programs, family decision-making, and children’s 

learning and development. This section will contribute to the development of testable 

hypotheses that will help address the research aim and the three key issues identified 

above. At the end of this section the theoretical position is developed as an empirical 

framework to inform the quantitative analysis that follows in the subsequent chapters. 

Family SES, and persistent inequality. SES is the stratification of society 

according to wealth, prestige, and power (Willms & Shields, 1996). SES involves 

concepts of social class (e.g., status or position endowed by belonging to a particular 

family) and capital (e.g., human capital acquired over time through education) (Waters 

& Waters, 2010).  

This social ordering by SES is not inevitable nor solely a function of genetic 

determinism. Rather, SES is an indicator of relative differences and social inequality. 

Those with low levels of SES have less ability to fully participate in society: to buy 

goods and services, to gain new knowledge, hold respected occupations, and to have 

social connections. Those with relatively lower SES, therefore, have fewer means and 

resources to deploy to realise their potential capabilities (Cunha & Heckman, 2009; 

Erikson & Goldthorpe, 1992).  

Because families are primarily responsible for the development of their children, 

SES is, to varying degrees, inherited. Children inherit wealth from their family as they 

do social class and status (Waters & Waters, 2010). Children also rely on their family to 

facilitate their participation in education and other civic institutions (Putnam, Frederick, 

& Snellman, 2012; Reardon, 2011). In turn, children who come from families with 

lower SES are likely to carry this forward into the next generation. This pattern, 

importantly, is probabilistic, rather than deterministic: not all children from low SES 

families inherit poorer adult outcomes or fewer capabilities, though the pattern is 

significant (Charney, 2004; Cunha & Heckman, 2009). The degree to which inequality 



 25 

is not inherited is described as social mobility. Classically, measures like the correlation 

of parent’s adult earnings with children’s adult earnings (i.e., earnings when she/he 

becomes an adult) indicate social mobility. A high correlation indicates that children are 

less likely to move to higher (or lower) social strata than that of their parents. Countries 

such as the US and the UK are described as having relatively low social mobility, while 

Australia and Canada are considered to have moderate levels of social mobility. Lower 

levels of inequality or stratification are associated with greater mobility implying that 

more equal societies are more efficient at realising the potential capabilities of their 

citizens (Corak, 2013a). This is plausibly caused by more equal participation in 

education and other civic institutions that promote the development of capabilities. 

SES, therefore, mediates the extent to which children realise their capabilities. 

Because SES is systematically inherited, rather than randomly allocated, there is a 

tendency for children to be entrenched within a social stratum. It is plausible that 

children from low SES backgrounds will develop fewer capabilities than they otherwise 

would if there was greater equity in opportunities for them to participate in society. This 

is an important phenomenon that many developed countries have identified, and attempt 

to address through social policy that promotes meritocracy (Department of Economic 

and Social Affairs, 2006). 

Availability of ECEC programs. Families are constrained by the availability of 

ECEC programs. Families select ECEC programs from within a constrained 

geographical area. Because families need to physically transport their children to and 

from ECEC programs, there are differential time and transport costs associated with 

attending them, according to a program’s location relative to home. For each family, 

there is some travel time or price for buying transport beyond which they will not 

consider ECEC programs: this is the local market that each family selects from (Penn, 

2014). The availability of ECEC programs is therefore driven by the aggregate supply 

of and demand for ECEC programs within a local market.  

Because different neighbourhoods have different characteristics, it is plausible 

that the availability of ECEC programs will vary across them (Dickens et al., 2012; 

Office for Standards in Education Children's Services Skills, 2010; Small & Stark, 

2005). Family SES affects availability in the local market through geographical 

segregation. Families living in a local area tend to share characteristics (e.g., income) 
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and therefore, in aggregate, demand and supply of ECEC programs is affected (Mayer, 

2002). Families with less employment or income may demand fewer formal ECEC 

programs, or lower prices (Small & Stark, 2005). ECEC providers may face barriers to 

supplying ECEC programs in such areas or may prefer to provide programs in more 

advantaged areas instead (Kahn & Kamerman, 1987). This not only affects the number 

of ECEC programs or spaces within them, but also causes differentiation in the types of 

programs offered and their characteristics in the local area (e.g., quality, management 

structure, price) (Cleveland & Krashinsky, 2009; Mocan, 2007; Yamauchi, 2010). A 

hypothetically identical family on all characteristics other than where they live will be 

selecting from a different subset of ECEC programs available in the local market 

(Johansen et al., 1996; Kim & Fram, 2009). 

Family selection of ECEC programs. Families, when selecting ECEC 

programs, are constrained by a series of factors. A primary factor is the availability of 

ECEC programs in the local market. Beyond this, a useful framework to discuss the 

factors that influence family decisions is to categorise them as intrinsic and extrinsic 

factors. Intrinsic factors are the characteristics of ECEC programs that are related to the 

developmental outcomes of the child and extrinsic factors are peripheral factors related 

to the circumstance and convenience of the family (Johansen et al., 1996). Families 

consider these factors simultaneously and make decisions that fit their own context. 

Empirical studies in the US identify the major extrinsic factors as location (travel time 

to ECEC), price, whether the desired hours are available, whether the hours that are 

available are consistent and stable, and family context (e.g., the total number and ages 

of children at home) (Davis & Connelly, 2005; Kim & Fram, 2009). The major intrinsic 

factors identified empirically are more varied. Some studies focus on the value families 

place on relationships including the availability of learning activities, opportunity for 

peer interactions, and the number of children in the group. (Kim & Fram, 2009), while 

others focus on the ECEC environment including the type of program offered, 

educational materials used, training of staff, and availability of recreational equipment 

(Johansen et al., 1996). 

Family decision-making varies according to family context. Within the family, 

characteristics of the child are important. As children get older, particularly older than 

three years of age, families tend to value intrinsic factors more and extrinsic factors less 
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(Johansen et al., 1996; Kim & Fram, 2009). Between families there is heterogeneity in 

the weighting of intrinsic and extrinsic factors according to family characteristics 

including the gender and age of the main caregiver, and family SES including 

employment, education and income. Lower income households are found to be more 

focused on extrinsic factors (relative to intrinsic) (Kim & Fram, 2009). Higher educated 

(university or greater) main caregivers  prioritise intrinsic factors over extrinsic factors 

(Johansen et al., 1996). Higher education families with more children are found to more 

accurately estimate the level of ECEC quality they select (Mocan, 2007). In addition, 

families with higher incomes, and more education prioritise ECEC program quality, and 

they are better at perceiving it. Hence, in the mixed market ECEC provision it is 

plausible to expect that families from different SES backgrounds will choose different 

types of programs, will use them for varying hours, and will choose different levels of 

quality. 

Children’s development. Children’s development is the emergence of a set of 

capabilities over time. These capabilities are diverse and can be categorised into broad 

domains including cognitive, social and emotional, and motivational. Examples of 

specific cognitive outcomes include broad constructs like intelligence as well as 

narrower constructs such as mathematical reasoning (Bronfenbrenner & Ceci, 1994). 

The set of developmental attributes – knowledge, skills, and abilities – that a person has 

can be described as human capital. Human capital is a useful framework to think about 

development because it describes why individuals differ in their social and economic 

outcomes. Human capital theory is also interventionist in nature: investment in human 

capital can lift the social and economic outcomes of individuals and is often used as an 

argument for expansion of educational institutions (Leigh, 2008; Quiggin, 1999). 

Children’s development is not the inevitable realisation of an underlying genetic 

aptitude over time. Rather, dominant theories of development focus on the importance 

of social interactions and context. There is a convergence of theory across multiple 

disciplines that describe the importance of the interaction between genetic 

predispositions and external, or environmental inputs to produce developmental 

outcomes (Belsky et al., 2009; Bronfenbrenner & Ceci, 1994; Krapohl & Plomin, 2015; 

Vygotsky, 1978). The bioecological theory considers the key inputs to development to 

be genetic predispositions (heritability and the person), social interactions with people, 
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objects, and symbols (proximal processes or the process), within a broader 

environmental context (environment or context) over time: sometimes stated as the 

person-process-context-time (PPCT) theory (Tudge, Mokrova, Hatfield, & Karnik, 

2009). Proximal processes can include adult-child interactions, children’s group and 

solo play, and learning new skills and knowledge. Optimal development is therefore an 

actualisation process where heritability is maximised by sustained and positive proximal 

processes in a complimentary environment (Bronfenbrenner & Ceci, 1994). 

The bioecological model nests within classic ecological systems theory. The 

child and her/his genetic predispositions exist at the centre (person) and proximal 

processes influence development through the microsystem (e.g., family and caregiver-

child interactions) (process). The environment (context) and time, as an input to 

development, are represented in the higher-order systems. When microsystems are 

aligned or interact positively in the mesosystem the effect of proximal processes is 

amplified. Indirect interactions (exosystem), impact lower-order systems, for example a 

stressful work-setting for the parent may affect the interactions between parent and 

child. At the top level of the context is the macrosystem where government policy and 

social context influence the lower order systems. The chronosystem captures time and 

represents changes in these lower-order systems and the child’s transitions or major life 

events (Bronfenbrenner, 1986; Bronfenbrenner & Ceci, 1994; Tudge et al., 2009). 

ECEC programs, like other forms of educational provision, play an important 

role in children’s development. In this framework, they constitute process, context, and 

time. Such an approach is consistent with social theories on learning, whereby sustained 

and incremental learning compounds as development. For example, proximal processes 

that support attention and focus on investigation and behaviours beyond existing 

capabilities are consistent with dominant learning theories, including the zone of 

proximal development (Vygotsky, 1978; Wertsch & Tulviste, 1992). Sustained 

proximal processes lead to continual learning that compounds over time as capabilities 

– cognitive, emotional, and motivational outcomes (Bronfenbrenner & Ceci, 1994). 

This theoretical position explains a plausible mechanism as to why children 

from low SES backgrounds have, on average, poorer developmental outcomes, under 

the assumption that genetic predisposition to outcomes is reasonably uniform across 

levels of SES. At the family level, there are observed and systematic differences in the 
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home learning environment and parenting styles of children from different SES 

backgrounds (Cunha & Heckman, 2009). Families from low SES backgrounds also 

have fewer resources to deploy towards participating in high-quality ECEC programs 

(Early & Burchinal, 2001; Pungello et al., 2010). Both the home environment and 

ECEC programs are microsystems that facilitate opportunities for learning (proximal 

processes) and over time, development. Combining these two mechanisms, there may 

be greater misalignment between the home and ECEC program environment for 

children from low SES families. Finally, over time, there is potentially less consistent 

engagement with high-quality ECEC programs. 

This theoretical position also plausibly explains why children from low SES 

backgrounds stand to benefit more from high-quality ECEC programs than their more 

advantaged peers. Optimal proximal processes (in this case, high-quality ECEC) 

simultaneously increase heritability and lift developmental outcomes (Bronfenbrenner 

& Ceci, 1994). While all children will benefit from the increase in total outcomes, it is 

those children with the most barriers to realising heritable traits (sub optimal 

environments and fewer proximal processes) that gain, proportionally, the most. Such a 

pattern explains the ‘narrowing the gap’ phenomena associated with high-quality ECEC 

programs for children from low SES or other disadvantaged backgrounds. 

Empirical framework. Because this thesis is a series of quantitative studies, an 

empirical framework is provided to express these abstract theoretical concepts and 

processes in a way that can be tested. Specifically, the framework explains how a 

child’s development on a given outcome is a function of the inputs to development, and 

the context and decision making of the family. The empirical framework deployed 

within this thesis draws from empirical frameworks used to model children’s 

development in other large quantitative studies in the US (e.g., (Blau, 1999; National 

Institute of Child Health and Human Development Early Child Care Research Network 

& Duncan, 2003). It can be expressed as a heuristic representation of a general linear 

equation (Equation 1) (Duncan & Gibson-Davis, 2006). 

 
Equation 1. General linear function describing the inputs to children’s development. 

!"# = %& + (&)*+,-" + (./01+,!" + (2*314"# + (54)4)"# + 6"# 
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This framework explains the child i’s development on trait Y at time t as a 

function of the deviance from the mean level of development explained by a vector of 

explanatory variables categorised into the groups CHILD, FAMILY, HOME, and ECEC. 

The explanatory variables within CHILD (e.g., genetic traits, gender, age, temperament) 

and FAMILY (e.g., parent education, occupation, income, mental health, family 

structure) are treated as constant over the short and medium term and this is designated 

by the absence of the t subscript. HOME (e.g., home learning environment, home 

physical environment) and ECEC (e.g., ECEC program attendance, dosage, and quality) 

are changing with time. This is, of course, an empirical abstraction: interactions 

between groups are not only possible, but likely. For example, the relationship between 

children’s developmental outcomes and the home learning environment (HOME-level) 

may vary across differently levels of parental education or mental health (FAMILY-

level). 

This thesis builds on this framework and includes a fifth vector of explanation at 

the local area, neighbourhood, or community level ((7)31189+:!") to condition the 

influence of local resources on the relationship between ECEC and children’s 

development. This aligns with the theoretical perspective that the local area influences 

parent decision-making and children’s development. Varying availability affects the set 

of programs from which families select when the parent is geographically constrained, 

and the institutions and relationships in the local area have indirect effects on children’s 

development (mesosystem and exosystem). In this sense, families of similar traits living 

in different local areas would be expected to select different ECEC programs and their 

children would potentially have different developmental outcomes. 

This framework is designed to capture the influence of ECEC programs on 

children’s cognitive development conditioned on the process of choosing ECEC 

programs and the other major inputs to development. This is important because it is 

well established that family SES is correlated with children’s development and family 

decision-making. Where a characteristic of the child, family, or home is associated with 

changes in development and also with the likelihood of using a particular ECEC 

program there is selection bias that confounds the bivariate relationship between ECEC 

and developmental outcomes (Duncan & Gibson-Davis, 2006). For example, a family 

that is highly educated may have greater financial resources and seek out high-quality 
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ECEC programs (that add to developmental outcomes) however, the same family may 

also provide a more cognitively stimulating home environment and this also contributes 

to development. A combination of ECEC program and the home environment therefore 

cause change in development and, unless this is accounted for in the empirical strategy, 

the estimate of the effect of ECEC programs will be biased upwards. 

Significance 
This thesis makes unique contributions by building on the existing knowledge 

base internationally and adding new findings in Australia. While much is known about 

the availability of ECEC services in wealthy English speaking countries, debate remains 

on the role for-profit services play in the availability of quality (Small & Stark, 2005). 

Further, while there is solid Australian evidence that children from less advantaged 

backgrounds use different types and amounts of ECEC programs, recent research in 

Australia calls for specific enquiry into the availability and use of different levels of 

quality (Baxter & Hand, 2013). This kind of analysis has hitherto not been conducted in 

Australia because of a lack of data with detailed information relating to ECEC quality. 

This study utilises new data that provides accurate information linking ECEC program 

quality, family background, and children’s learning and development – a first in 

Australia. This new data is sourced from the Effective Early Educational Experiences 

(E4Kids) study and is explained in detail in the methods chapter. 

This thesis makes theoretical contributions by addressing family SES and ECEC 

program quality in the community context. Typically, the community is treated 

separately (e.g., in inequality research) or assumed to be uniform (e.g., the aggregate of 

characteristics at the individual level, distributed randomly). Here, however, community 

level characteristics, including area-level measures of SES, and neighbourhood 

availability of ECEC programs, are addressed simultaneously with the other inputs to 

family decision-making and children’s development. 

This study also contributes findings on the relationship between ECEC programs 

and children from low SES backgrounds in a new context. Australia is a relatively less 

unequal country than the US. With the majority of research coming from the US, it is 

likely that there are important differences in the strength of the relationships between 

key variables and SES. It is, further, unclear if inequality in Australia has similarly 

strong geographical components (e.g., income segregation) as those found in the US 
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(Gregory & Hunter, 1995). This thesis contributes first findings about local 

neighbourhoods and the availability of high-quality ECEC programs. This creates a 

platform to discuss, for the first time, how the availability of and selection of children 

into ECEC programs is supporting the development of children and narrowing SES 

gradients in Australia. 

Organisation of this thesis 
Following this introductory chapter are the background and methods chapters. 

Together these first three chapters provide the context and situate the research. The 

background chapter expands on this introduction to highlight more broadly the research 

that has been done, and specifically what Australian evidence exists. The methods 

chapter introduces the data and methods used in this thesis. It also expands on the 

sampling and weighting methodology, data linkages, and measurement development 

undertaken specifically for this thesis. 

Following the methods chapter are three stand-alone manuscripts, each an 

individual chapter that provides the results of a focused piece of research addressing the 

issues identified in this introduction: availability of high-quality ECEC programs, 

selection into high-quality ECEC programs, and the effectiveness of high-quality ECEC 

programs for families from low SES backgrounds in Australia. Each manuscript chapter 

is prefaced by a short description of the journal to which the manuscript was submitted 

and conferences where earlier versions of the work were presented2. 

To conclude the thesis a discussion chapter ties together the findings and draws 

broader conclusions about the relevance of the work to early childhood education, 

family, and social policy fields. There is a focus on the new theoretical contribution as 

well as practical findings and policy implications. Finally, a discussion of the 

possibilities of future research is provided to grow the findings presented here and 

continue to improve understandings about how ECEC programs may address SES 

gradients. 

                                                
2 See the declaration and preface for information about the contribution of the 

co-authors who contributed to the published manuscript. All other contributions (e.g., 
co-authored conference presentations of early analysis) are acknowledged by citation 
and referencing of each relevant publication. 
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Chapter 2: Literature Review  
This chapter has three objectives. The first is to expand on key concepts that are 

within the scope of this thesis: family SES, cognitive developmental outcomes, and 

ECEC program effectiveness and quality. This aligns with the key argument that family 

SES has an indirect effect on children’s developmental outcomes that is plausibly 

ameliorated by effective ECEC programs. The second is to introduce the Australian 

ECEC context to situate the three studies conducted in this thesis. The third introduces 

current literature relating to ECEC programs and availability, family decision-making, 

and the impact they have on children’s cognitive outcomes. This literature is expanded 

within the three studies that follow, but here the objective is to identify the key gaps in 

knowledge that led to the research questions that are asked. 

Theoretical Perspectives 
This section expands on the way that family SES is involved in the 

intergenerational reproduction of inequality. Early disparities in cognitive ability 

compound over the life course as poorer adult outcomes and these are the product of 

constraints families face in making investments in their children’s development. 

Without progressive public investments in human capital, such disparities become 

persistent inequalities where family SES predicts (in part) children’s outcomes. The 

capacity of ECEC programs to act as an investment in children’s human capital 

development is introduced within the discourse of ECEC program quality. These are the 

observable and reproducible components of ECEC programs that are found in prior 

studies to change developmental outcomes. 

Family SES, and persistent inequality. In the previous chapter, family SES 

was introduced, as was the tendency for SES to be passed down intergenerational lines. 

Family SES is the stock of capital the family has at its disposal. Wealth, human, and 

social capital are typically indicated by income, education, and occupational status 

respectively, although no single definition of SES is universally accepted (Willms & 

Shields, 1996). The key theoretical position taken here in regard to the intergenerational 

transmission of SES (persistent inequality) is that it is not a function of social 

determinism (those with the latent genetic predisposition to optimal capability have the 
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greatest share of capital), but rather, the result of systematic patterns of social inequality 

of opportunity. Families from low SES backgrounds have fewer capital resources to 

invest in their children and, in turn, their children are less likely to realise their latent 

(inherited) capabilities.  

The source of this theoretical position is situated in how inequality is produced 

in industrial societies. Two classical theoretical positions take opposing views. Marxist 

theory (and later socialist perspectives) posits that inequality is inevitable in the 

reinforcement of class roles: labour is dominated by capital and this reinforcement 

produces class dynasties that constrain social mobility. Such a position implies that 

social mobility should be high, but is engineered through class roles to be very low. 

Opposing this are liberal or capitalist theories of inequality that suggest that industrial 

economies are highly rational. Over time, greater social mobility and equality of 

opportunity is produced as social sorting becomes more rational. In turn inequality is a 

function of having greater or fewer desirable capabilities in a given market. Liberal 

perspectives of inequality also assume that social mobility should be high (is optimal or 

rational) and over time it will be. More liberal (e.g., laissez faire) economies, 

furthermore, will exhibit greater social mobility (Erikson & Goldthorpe, 1992). 

Contemporary empirical trends show living standards have increased in wealthy 

western nations in absolute terms although inequality is increasing3 (Organisation for 

Economic Co-operation and Development, 2011a; Reardon, 2011). Across developed 

countries, varying degrees of social mobility are seen ranging from low to high. 

Together, these illustrate that class reproduction is not dominating to entrench 

inequality absolutely. Conversely, liberal economies, like the US, do not show higher 

levels of social mobility than other countries. The US has much lower social mobility 

than the social democracies of continental Europe and lower social mobility than 

Australia (Corak, 2013b). This pattern, in part, is explained by the relationship between 

inequality and social mobility. In countries with greater inequality, lower social 

mobility is observed. This relationship is called the Great Gatsby Curve and it 

                                                
3 Australia could be described as being moderately unequal (relative to the US 

and UK, with comparatively more unequal societies), however, the observed increase in 
inequality in Australia  (measured by the change in Gini coefficient 2008-2011) is 
greater than the OECD average (Organisation for Economic Co-operation and 
Development, 2011a). 



 35 

represents the positive relationship between last-generations income inequality 

(measured by the Gini coefficient) and the tendency for the current generation to inherit 

the adult income of the previous generation (measured by the parent-son adult income 

elasticity) (Corak, 2013a).  

Given the empirical observations, contemporary theoretical perspectives do not 

adopt either classical theoretical position totally. One such contemporary perspective 

that explains persistent inequality, varying in magnitude across countries and over time, 

takes into account the investments into children’s development made by the family, 

labour market, and state (Solon, 2004). This framework acknowledges that family SES 

produces systematic variations in the investments in children’s development that 

increases the intergenerational transmission of inequality (lower mobility). This process 

is mediated, however, by the public investments made in human capital and the labour 

market conditions within countries. These public (state) inputs to children’s 

development influence the observed inequality seen between countries. Countries with 

more progressive (where the ratio of public investment to family income decreases as 

family income increases) public investments in human capital (all else being equal) 

have greater social mobility. That is, progressive public investments in human capital 

can ameliorate the tendency for SES to be reproduced within families according to their 

SES. This perspective is used in this thesis.  

There are multiple inputs to children’s development. Here it is assumed that 

social mobility is optimally high. Inequality as it is currently observed in developed 

countries is not the product of inherited capabilities and efficient social selection. 

Effective (progressive) investments in human capital can be made through policy and 

institutions that reduce the persistence of inequality within families. By lifting 

children’s developmental outcomes, there is greater realisation of the latent capability of 

all children; in particular children from families with low SES. This process occurs 

through greater equality of opportunity than would be otherwise experienced if families 

alone made investments in their children according to their means. 

Cognitive developmental outcomes. Cognitive development is the key 

developmental outcome in this thesis. It is an important construct related to the global 

trait of intelligence that is the aggregate ability of an individual to act purposefully and 

think rationally within their environmental context (Wechsler, 1958). Cognitive abilities 
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are the underlying building blocks that facilitate knowledge acquisition and relate to the 

acuity of the sensory modalities. In this regard, growth in cognitive ability is related to 

growth in academic performance that is, in turn, related to adult capabilities (Kaufman, 

Reynolds, Liu, Kaufman, & McGrew, 2012; McGrew, Keith, Flanagan, & Vanderwood, 

1997; Watkins, Lei, & Canivez, 2007). 

Initial theoretical models of cognitive ability centred on global intelligence 

(commonly “g”). Later, two-factor models representing crystallised (Gc: the breadth 

and depth of knowledge acquired about the dominant culture) and fluid (Gf: reasoning, 

drawing inferences, making relationships amongst new or novel stimuli) were 

popularised. More recent theoretical perspectives extend this Gf-Gc model to group 

elementary human capacities (or primary mental abilities) into a taxonomy of multiple 

cognitive abilities (broad abilities) underneath a global or aggregate concept of 

intelligence (sometimes called the three-stratum model) (Carroll, 1996). 

Although no agreed (or complete) taxonomy of cognitive abilities exists, 

arguably the most complete and current framework integrates gf-gc (Horn & Cattell, 

1966) and the three-stratum (Carroll, 1993; Carroll, 1996) models into Cattell- Horn-

Carroll (CHC) theory (McGrew, 1997; Phelps, McGrew, Knopik, & Ford, 2005). The 

three stratum are respected by no fewer than 87 primary mental abilities (stratum 1) 

within between nine (McGrew, 1997) and 16 (Schneider & McGrew, 2012) broad 

abilities (stratum 2) within one unitary construct, g (stratum 3). Though, in CHC theory, 

little emphasis is placed on g, and it is at times ignored, particularly in clinical contexts 

(Schneider & McGrew, 2012, p. 111). An example of three broad abilities is given in 

Table 1. Another common way to classify broad abilities (stratum 2) is into domain-

independent general capacities (e.g., fluid reasoning and memory), acquired knowledge 

systems (e.g., comprehension knowledge, reading, and writing), and sensory linked 

abilities (e.g. visual and auditory processing): each group representing a meta-element 

of cognitive functioning (Schneider & McGrew, 2012). 
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Table 1. Example of three broad abilities illustrating the hierarchical structure of cognitive abilities within CHC theory. 

Stratum I Stratum II Stratum III Short description 

g 

Comprehension-Knowledge (Gc) 

General Verbal Information (K0) Depth and breadth of knowledge and skills that are 
valued by one’s culture 

Language Development (LD) General understanding of spoken language at the level 
of words, idioms, and sentences 

Lexical Knowledge (VL) Knowledge of the definitions of words and the concepts 
that underlie them 

Listening Ability (LS) Ability to understand speech 

Communication Ability (CM) Ability to use speech to communicate one’s thoughts 
clearly 

Grammatical Sensitivity (MY) Awareness of the formal rules of grammar and 
morphology of words in speech 

Fluid Reasoning (Gf) 

Induction (I) 
The ability to observe a phenomenon and discover the 
underlying principles or rules that determine its 
behaviour 

General Sequential Reasoning (RG) The ability to reason logically using known premises 
and principles 

Quantitative Reasoning (RQ) The ability to reason, either with induction or deduction, 
with numbers, mathematical relations, and operators 

Quantitative Knowledge (Gq) 
Mathematical Knowledge (KM) Range of general knowledge about mathematics 
Mathematical Achievement (A3) Measured (tested) mathematics achievement 

Adapted from Schneider and McGrew (2012) 
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The abilities measured in CHC theory represent constructs that develop (and eventually 

wane) across the life span. Empirical studies in the early years (mostly at ages 3 and above) suggest 

cognitive abilities are observable within this framework, but potentially less differentiated (fewer 

broad abilities). Accordingly empirical studies have suggested that in the years before school, a 

reduced number of broad abilities are observable, ranging from four to seven broad abilities4. The 

most common conjecture is that fluid reasoning is not differentiated in the early years (Chang, 

Paulson, Finch, McIntosh, & Rothlisberg, 2014; Tusing & Ford, 2004). There is however a counter 

argument that the current tests used to assess preschool age children suffer from floor-effects and 

better assessment is required to observe these cognitive abilities (Ford, Kozey, & Negreiros, 2012). 

This is further supported by the publishing of age-norms for children as young as two in some 

clinical assessments based on CHC theory and making explicit recommendations for testing with 

preschool age children (McGrew & Woodcock, 2001). Examples of the normative cognitive 

trajectories of a number of the tests from the Woodcock Johnson III (WJIII) from age two to 

approximately 15 years is given in Figure 1 (E4Kids, 2014b; McGrew, 2013). The tests Concept 

Formation and Brief Intellectual Ability capture aspects of fluid reasoning, and variation is 

observed in two year olds and up (Mather & Woodcock, 2001b). These tests have been used in 

studies in the US with children aged three and four (Gormley, Gayer, Phillips, & Dawson, 2005). It 

is assumed that CHC theory captures valid lifelong cognitive trajectories including in the early 

years. 

 

                                                
4 These numbers of broad abilities are partly caused by the fact that current clinical 

assessment only measure a subset of the total theorised CHC broad abilities. For example Tusing 
and Ford (2004) reliably extracted five factors from eight assessed using the Woodcock Johnson – 
Revised tests of Cognitive Abilities at age 4 (Gc, Glr, Gsm, Ga, and combined nonverbal ability). 
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Figure 1. Normative cognitive trajectories for nine sub-tests from the Woodcock Johnson III. 

 

Importantly, CHC theory provides a link between cognitive ability and academic 

achievement. One of the core assumptions of this thesis is that changes in cognitive ability are 

associated with longer-term outcomes that relate to academic performance and lifelong skill 

formation. A number of studies have shown that cognitive ability predicts academic achievement, 

and not the converse (Deary, Strand, Smith, & Fernandes, 2007; Kaufman et al., 2012; Watkins et 

al., 2007). There are strong indirect effects between measures of global intelligence (g) and reading, 

language, and mathematical ability with partial correlations (conditioned on other broad abilities, 

including processing speed and memory) in the magnitude of approximately 0.7. This is a 

significant and notable effect (Floyd, Keith, Taub, & McGrew, 2007; Kaufman et al., 2012). Broad 
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abilities have direct effects on academic ability that are smaller in magnitude. These tend to be more 

specific. For example, the effect of short term memory (Gsm) and processing speed (Gs) on reading 

is in the range of 0.5 (conditional on the indirect effect of g) (Floyd et al., 2007). These effects are 

stable over preschool and school ages. The underlying mechanism of this pattern can be explained 

by a “positive manifold” between cognitive abilities and academic achievement whereby cognitive 

abilities facilitate knowledge acquisition and learning across the lifespan. Indeed, it is plausible to 

think of academic performance as a function of cognitive abilities (that facilitate information 

processing and reasoning) conditioned on temporal dispositions like motivation (Kaufman et al., 

2012). Cognitive abilities, are of course, theorised in this thesis, to be a function of PPCT inputs – 

the intersections between genetic traits and social interactions and opportunities. Greater academic 

achievement is associated with greater lifetime earnings, measures of productivity (Hanushek, 

2002). The use of cognitive outcomes is therefore a way of exploring the potential long-run effects 

of ECEC programs in the short to medium term. 

ECEC program effectiveness and quality. ECEC programs are seen as a potential and 

potent intervention on inequality (e.g., Schweinhart, 2005). This thesis considers this intervention 

from the theoretical perspective that progressive investments in human capital can contribute to 

reduce adult inequality (particularly the elasticity of incomes between generations) (Solon, 2004). 

This is achieved by influencing early development (cognitive abilities, in this case) that compounds 

over the lifespan to influence academic outcomes and in turn adult outcomes (Hanushek, 1998; 

Kaufman et al., 2012). This aligns with developmental perspectives that proximal processes (e.g., 

positive social interactions) facilitate the actualisation of heritable traits (Bronfenbrenner & Ceci, 

1994). This is supported empirically by Cunha and Heckman’s (2009) models of skill formation 

(“technology of capability formation”) which show that cognitive skills are optimally targeted with 

a bias to the earliest years. In this framework, and particularly for cognitive outcomes, earlier skill 

development begets latter skills and remediating sub-optimal development at earlier stages with 

later intervention is less efficient. Indeed, such modelling of human development has produce oft-

cited estimates that the rate of return on investments in skill formation are only positive in the pre-

school years (Knudsen, Heckman, Cameron, & Shonkoff, 2006). That investments in human capital 

made outside the immediate family unit is supported by theoretical perspectives based in human 

development (Bronfenbrenner & Ceci, 1994) and in economics (Corak, 2013b; Cunha & Heckman, 

2009; Solon, 2004) gives weight to the argument that ECEC programs are an effective intervention 

on persistent inequality. Brooks-Gunn (2003) identified that not only are ECEC programs able to 

reduce the effect of being poor on children’s achievement in primary school they are more effective 

than home-visiting or parent-coaching. 
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Although ECEC programs can lift children’s developmental outcomes not all ECEC 

programs are known to be effective. ECEC programs vary in their policy and regulatory contexts 

(e.g., the conditions set by local regulations), their structure (e.g., curriculum approach, centre or 

home based, staff qualifications, number and ages of children, full time or part time operation, for-

profit or not), and process (e.g., pedagogy, relationships, interactions). All these components could 

plausibly create variability in the effectiveness of ECEC programs (Snow & Van Hemel, 2008). 

There is debate about how best to measure ECEC program effectiveness. The classic 

approach, particularly for school-age education is to measure effectiveness in terms of student 

outcomes. For example, establishing and testing achievement criteria or standards that define what 

students should know at given ages (Hanushek, 2002). Similarly, effectiveness can be defined by 

change or growth in student outcomes: the value-added by the intervention (Kupermintz, 2003). 

Criterion based measures of effectiveness are absolute in nature while value-added approaches are 

relative. An alternative approach to thinking about effectiveness comes from research looking at the 

correlates of student outcomes (Levine & Lezotte, 1990). The key argument is that because 

allocation of students to classroom is non-random, measures of effectiveness based on outcomes 

will be biased (Braun, 2015; Hill, Kapitula, & Umland, 2011). Students from low SES and other 

disadvantaged backgrounds are less likely to meet benchmark criteria. Without strong knowledge of 

the child’s context and environmental inputs (especially those external to the classroom), growth is 

difficult to attribute to the teacher or program (Braun, 2015). Instead of student outcomes, the 

correlates of development represent the structure and process that are associated with student 

development and can be measured independently of external factors that also influence student 

development. 

In the ECEC literature, the correlates of student outcomes that represent effectiveness are 

referred to as quality. There are dozens of standardised instruments that measure quality and they 

are used in policy (monitoring and regulation), professional development (training and quality 

improvement), and research contexts. Snow and Van Hemel (2008) provide a critical review and 

summary of 22 observational measures of ECEC quality and identify consistent themes in the 

constructs observed that are associated with developmental outcomes. Common aspects of quality 

measured include the physical environment and materials (safety, physical space, materials and 

modalities), social and emotional climate (social interactions with adults, support for social 

development), learning environment (productivity, time on task), language and literacy and 

numeracy (development of concepts, feedback, direct instruction) (Snow & Van Hemel, 2008). 

Quality is the dominant discourse for describing ECEC program effectiveness not only 

because if its association with child outcomes but also because of its ability to describe 

effectiveness in a highly variable sector (Hamre et al., 2013). Defining ECEC program 
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effectiveness in terms of developmental outcomes is more difficult than in the school sector. ECEC 

programs are highly diverse, including children from age zero to school age and beyond (e.g., in 

after school care) in various configurations and mixes. Some ECEC programs are formal 

educational programs (e.g., kindergarten), while others may focus on child care (e.g., occasional or 

vacation care). Some ECEC programs have formalised curriculum including developmental 

benchmarks while others are unstructured. There is, therefore, no common set of structural inputs or 

duration of treatment that is defined or common across all students. Further, developmental 

assessment in ECEC programs is not as formally structured as in the school sector5. While ECEC 

services often have curriculum approaches that promote developmental outcomes, these are 

typically broad (including social, emotional, inclusion, family and parental outcomes) and, at the 

least in Australia, there is rarely standardised testing against system-wide assessments. With no 

standard treatment or intervention for all children and diverse (and sometimes no) measures of 

outcomes and developmental domains it is, therefore, more appropriate to explain ECEC programs 

effectiveness as a function of the systematic, observable, reproducible behaviours of teachers that 

are common across all ECEC settings and associated with positive development across the early 

years. 

Many contemporary studies distil the elements of ECEC quality down to the behaviours of 

the teacher and interactions with children (Hamre et al., 2013). This focus on interactions is 

supported empirically: interactions are a correlate of outcomes across multiple developmental 

domains (Burchinal, Kainz, & Cai, 2011). These associations persist even when controlling for 

physical attributes of classrooms including adult-child ratios, teaching qualifications, physical 

space, and materials. This has led to the thinking that physical or structural properties of classrooms 

are preconditions for interactions that drive outcomes (Chien et al., 2010). Children’s learning is 

supported through social interactions. An environment of stimulating, stable and strong 

engagements with adults and other children builds the foundation for their learning (Meltzoff, Kuhl, 

Movellan, & Sejnowski, 2009) and shared attention to tasks (Cain, Rudd, & Saxon, 2007).  

Specifically, interactions and outcomes form a nexus that is theoretically linked. This is 

observed when specific elements of ECEC quality predict theoretically linked developmental 

outcomes. Quality of direct instruction is associated more strongly with cognitive outcomes while 

the emotional climate is associated with social and emotional outcomes (National Institute of Child 

Health and Human Development Early Child Care Research Network & Duncan, 2003). This thesis 
                                                
5 In some jurisdictions there are mandated assessments of student outcomes. For example, 

publically funded pre-K programs in Florida (US), now require value-add assessment of children’s 
capabilities against the Florida Free Pre Kindergarten assessment battery (measuring literacy, 
language, and math skills) and funding for individual programs is tied to the number of children 
who meet school readiness benchmarks (Bassok, Miller, Galdo, & Johnson, 2014). 
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therefore focuses on adult-child interactions as an indicator of the quality of ECEC programs and a 

cause of children’s developmental outcomes addressing the emotional support, organisation, and 

direct instruction observed in the classroom (Hamre et al., 2013; Pianta & Hamre, 2009; Pianta, La 

Paro, & Hamre, 2008). To supplement this measure of adult-child interactions, a measure of the 

physical environment is also used to measure the subject content (language, math, science, art, 

drama) and modalities availability to children (Harms, Clifford, & Cryer, 1998). This ensures the 

major quality constructs identified in Snow and Van Hemel (2008) are observed and that their 

inclusion is supported by literature establishing their correlation with developmental outcomes 

(Hamre et al., 2013; National Institute of Child Health and Human Development Early Child Care 

Research Network & Duncan, 2003) 

Australian ECEC context 
This section seeks to describe the ECEC landscape in Australia. First a short description is 

given of what every day ECEC programs look like how they are funded. Following that is a 

description of the current reform context, specifically in respect to the quality of ECEC programs 

and the inclusion and participation of children from low SES backgrounds. 

Everyday ECEC programs. Australian ECEC programs are broadly clustered into two 

groups: kindergarten and child care. Kindergarten6 is an educational program provided in the year 

or two before school (when children are aged four to five years) and funded by state governments 

and parent fees. Child care programs are provided for children aged from six weeks to five years 

(and older in out of school hours care) and are conducted in centre-based (typically known as long 

day care) and home-based (typically known as family day care) settings (Weatherill, 2015)7. Child 

care is funded by federal government subsidies and parent fees. It is also common for kindergarten 

programs to be provided in long day care services, as well as in stand-alone kindergarten facilities. 

Kindergarten programs are typically sessional provision for an enrolled child who may attend 

between two and five days per week for (usually) a minimum of 15 hours at age four years. Three-

year old children who attend typically receive between six and twelve hours of program per week. 

Kindergarten programs in stand-alone facilities operate according to the school calendar of forty 

weeks per year.   Long day care services are typically open for approximately ten hours per day, 5 

days per week, 48 weeks of the year, though children usually attend on a part-time basis, and only 

on some days during the week (Gilley et al., 2015). The 2014 weekly average hours of attendance at 

                                                
6 In some jurisdictions (NSW, ACT) the state-funded program in the year before school is 

called preschool and the first year of school (typically known as the preparatory year or reception) 
is instead called kindergarten (Productivity Commission, 2015). 

7 Note that in the studies in this thesis, children enter the study at age three to four years (on 
average). 
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long day care services was 27.7 hours (Steering Committee for the Review of Government Service 

Provision, 2015). 

All ECEC programs are provided in a mixed market including for-profit, not-for-profit, 

school- and government-managed providers. There is no compulsion to attend ECEC programs: 

they are provided on the basis of supply and demand. A policy of universal access to kindergarten 

was set in 2009 for implementation by 2014, however not all children attend. Approximately 90 per 

cent of children attend kindergarten in the year before school and between 50 and 60 per cent of 

three to five year olds attend child care services (Steering Committee for the Review of 

Government Service Provision, 2015). 

Government subsidies are available to offset the fees for ECEC programs. The two major 

subsides are Child Care Benefit (CCB) and Child Care Rebate (CCR) and government spending is 

about equal on each (approximately $10 billion budgeted on each, spread across the four years 

ending 2015-16). On a per-child basis, and in terms that are internationally comparable, OECD 

estimates reported the average CCB payment at US$121 per week (in 2007 prices), or over 

US$6,000 per year per child, for families with income below US$28,100 per year (Organisation for 

Economic Co-operation and Development, 2007). CCB is income-tested whereby families earning 

more than US$28,100 receive reducing amounts of subsidy. CCR is not income-tested, and covers 

up to 50 per cent of out-of-pocket child care costs in registered settings (AUD $7 491 in 2011). 

ECEC programs providers are required to allocate spaces on the following basis: 

When allocating places to children from waiting lists, approved ECEC services must 

abide by guidelines around which children have priority in accessing vacant places. 

There are three priority levels: 

• ‘First Priority’ — a child who is at risk of serious abuse or neglect 

• ‘Second Priority’ — a child of a single parent who satisfies, or of both 

parents who satisfy, the work/training/study test 

• ‘Third Priority’ — any other child.  

(Department of Social Services, 2015, n.p.) 

The focus on allocating ECEC to families meeting the work/training/study test over those on 

low incomes or parenting payments highlights the focus of ECEC programs in policy. ECEC 

programs are seen as a policy instrument that supports both labour market participation for parent 

(care) and educational and developmental outcomes of students (education). 

The use of ECEC programs is increasing as is expenditure on ECEC programs. Between 

2001 and 2006 the number of centre-based care places grew by 69,122, or 26% (Yamauchi, 2010). 

Total (real) government expenditure on ECEC increased by 62.7 per cent between 2007-08 and 

2011-12: the majority (79 per cent) of this expenditure represents Australian Government subsidy. 
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The planned growth in public expenditure from $6.7 billion (2013-14) to $7.7 billion (2015-16) 

(Productivity Commission, 2015; Steering Committee for the Review of Government Service 

Provision, 2015). Further description of the Australian ECEC market can be found in Brennan and 

Fenech (2014). 

Comparison to international ECEC programs. Kindergarten in Australia is broadly 

similar to pre-kindergarten in the US – an education-focused ECEC program for children around 

the age of four that is typically provided outside the school sector although some States operate 

kindergarten entirely within the school education provision. Children in the first (preparatory) year 

of school education in Australia are the equivalent age of children in kindergarten in the US.  

There is early evidence that, in comparison to ECEC programs in the US and UK, 

Australian programs are of similar levels of quality. The overall level of quality is moderate to high, 

and yet the levels of instructional support and materials are observed as being low with very few 

(less than 1 per cent) programs being described as being high-quality (Burchinal et al., 2010; Tayler 

et al., 2013).  

Current reform context. The Australian ECEC sector was in a period of reform from 

2009-2014, centred on quality improvement and improving access and developmental outcomes for 

children: particularly children from disadvantaged backgrounds. In 2009 policy commitments 

included universal access to fifteen hours of kindergarten by 2013 for four-year olds (in the year 

prior to school) and the implementation of a national quality framework that integrated all ECEC 

programs under a common curriculum framework and monitoring standard (Council of Australian 

Governments, 2009). The curriculum initiative, - called the Early Years Learning Framework 

(EYLF), established five learning outcomes for children from birth to age five 8. The EYLF 

provides direction for development of pedagogy, yet is not prescriptive (about curriculum content 

or pedagogy), and standard measures are not set for the assessment of the children’s outcomes 

(Department of Education, 2009).  

ECEC program monitoring is conducted through application of the National Quality 

Standard (NQS). All ECEC services (within which ECEC programs operate) are assessed against 

seven quality areas. The rating system provides public disclosure of the assessed level of quality 

within an ECEC service, according to a five-point scale from “Significant Improvement Required” 

to “Excellent” (Australian Children’s Education and Care Quality Authority 2015a). An example of 

three of the standards ECEC services are rated on is given in Table 2. The NQS assessment tool is a 

                                                
8 The five learning outcomes are children: (1) have a strong sense of identity, (2) are 

connected with and contribute to their world, (3) have a strong sense of wellbeing, (4) are confident 
and involved learners, and (5) are effective communicators. 
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validated scale and each ECEC service’s scores are required to be advertised at the premises and are 

made available online (Rothman et al., 2012). 

There is a quality improvement agenda embedded in the current NQF. Under the 

regulations, all ECEC services are required to develop a Quality Improvement Plan (QIP). This is 

designed to ensure that all services have a (self-evaluated) plan in place to promote their progress 

towards Meeting or Exceeding the NQS. Services that are already Meeting the NQS use their QIP to 

plan on how they can maintain and also improve their rating, thereby progressing further up the 

NQF scale (Australian Children’s Education and Care Quality Authority, 2013). The QIP therefore 

aims to move most ECEC services into the Meeting and Exceeding level of the scale. Around 50 per 

cent of services are Meeting the standard for Quality Area 1, Educational Program and Practise and 

more than 50 per cent are Meeting the standard for the other six quality areas. More than 20 per cent 

of all services are Exceeding the standard for all quality areas (Lamb, Jackson, Walstab, & Huo, 

2015). 

The Australian reform agenda was orchestrated to lift children’s developmental outcomes 

through “play-based learning (recognising) the importance of communication and language 

(including early literacy and numeracy) and social and emotional development” (Department of 

Education, 2009, p. 5) through higher quality programs (Council of Australian Governments, 2009). 

There is a strong focus on social equity and the ability for ECEC programs to intervene to 

ameliorate disadvantage in the long term, acknowledging that children “in low-income families are 

more likely to have poor developmental outcomes…and to pass this risk on to their children in a 

cycle of intergenerational disadvantage” (Council of Australian Governments, 2009, p. 33).  

The reform agenda continues with implementation and adjustment activity, according to 

new findings or priorities. Attention to improving the outcomes of children is particularly focused 

on disadvantaged and low SES backgrounds: a recent review by the Productivity Commission 

recommends “increased uptake of ECEC by children from disadvantaged and lower socio-economic 

backgrounds” justified by the “longer term…benefits to the community associated with universal 

preschool attendance (and) better child development outcomes” (Productivity Commission, 2015, p. 

39). The major recommendations of the report, however, focus on improving accessibility, 

flexibility, and affordability rather than quality. A further recommendation includes rationalising 

“elements and standards of the National Quality Standard that can be removed or altered while 

maintaining outcomes for children” (Productivity Commission, 2015, p. 54). This is consistent with 

the current Australian Government’s priorities regarding the availability and flexibility of child-care 

services, for example through the expansion of subsidies for in-home (nanny) care for families who 

are engaged in shift work (Liberal Party of Australia, 2013). 
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Table 2. Example of three quality areas form the National Quality Standard that ECEC services are assessed and rated against. 

Quality Area Standards Example Elements+ 

Educational program and 
practice 

An approved learning framework informs the 
development of a curriculum that enhances each 
child’s learning and development 

Curriculum decision making contributes to each child’s 
learning and development outcomes in relation to their 
identity, connection with community, wellbeing, confidence as 
learners and effectiveness as communicators 

 

Educators and co-ordinators are focused, active and 
reflective in designing and delivering the program for 
each child 

Each child's learning and development is assessed as part of 
an ongoing cycle of planning, documenting and evaluation 

Staffing arrangements Staffing arrangements enhance children’s learning and 
development and ensure their safety and wellbeing 

Educator-to-child ratios and qualification requirements are 
maintained at all times. 

 
Educators, co-ordinators and staff members are 
respectful and ethical 

Professional standards guide practice, interactions and 
relationships. 

Relationships with children Respectful and equitable relationships are developed 
and maintained with each child 

Interactions with each child are warm and responsive and 
build trusting relationships. 

  
Each child is supported to build and maintain sensitive 
and responsive relationships with other children and 
adults 

Each child is supported to work with, learn from and help 
others through collaborative learning opportunities. 

+ The first elements within each standard is given as an example 
Adapted from (Australian Children’s Education and Care Quality Authority 2015a) 
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Observed SES achievement gaps 
This section outlines the observed relationship between SES and cognitive (and 

associated academic) outcomes. The degree to which these gradients are changing over 

time is also discussed. This is important in understanding the magnitude of the issue and 

the potential for ECEC program to act to ameliorate it. 

There is substantial literature concerning the association of SES and 

developmental outcomes, across multiple domains of child achievement and 

development. The associations between SES and development begin in infancy 

(McCall, 1981) and are non-linear with greater association (or threshold effects) seen 

for the most disadvantaged. Effects are noted across academic achievement, verbal 

ability, intelligence, vocabulary and literacy (Bradley & Corwyn, 2002; Nicholson et 

al., 2012). These associations are persistent in the medium to long term, with low family 

income during childhood predicting the child’s adult outcomes including earnings, 

working hours, use of welfare (Duncan, Ziol-Guest, & Kalil, 2010), and health (Conti & 

Heckman, 2012). 

For cognitive outcomes, a majority of the studies addressing SES gradients 

include school-age children. SES is positively associated with cognitive and academic 

performance: effect sizes (d) for SES on school achievement range from 0.50 to 0.66 

(Hattie, 2008). Standardised measures of academic achievement also show this pattern. 

The Programme for International Student Assessment (PISA) evidence illustrates that, 

across OECD countries, 14.8% of the variance in achievements scores is explained by a 

measure of family SES. Australia, the US, and UK are each  close to the OECD average 

(Australia is slightly lower for mathematics) (Organisation for Economic Co-operation 

and Development, 2013). 

In early childhood there is little systematic evidence of SES gradients or gaps in 

cognitive and achievement outcomes. Part of the explanation is the lack of population-

level assessments of children’s early development – for example, there is no early 

childhood equivalent of NAPLAN (Adams, 2012) or PISA (Organisation for Economic 

Co-operation and Development, 2013). Though smaller studies show that there is an 

early SES gradient that persists into school, rather than differences emerging at age 4 or 

5 (Duncan & Sojourner, 2013; Tayler, Cloney, & Niklas, 2015). Data drawn from the 

Longitudinal Study of Australian Children (LSAC) illustrates a small correlation 
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between SES and cognitive outcomes (0.28) – for children in the year before and first 

year of school (ages 4 and 5). These effects are smaller than SES effects that are 

observed in the US (0.38) (Bradbury, Corak, Waldfogel, & Washbrook, 2012). This 

SES effect is also seen on academic achievement and skills. Comparing the highest and 

lowest quintiles of SES shows an effect size of 1.3 standard deviations on reading and 

math ability and 0.6 standard deviations on attention at kindergarten entry (US) 

(Duncan & Magnuson, 2011). At ages earlier than the year before school there is less 

evidence. Low IQ (measured using the WJIII) children at age three and four in Australia 

are 0.9 standard deviations (12 scale scores) below the expected level of ability (given 

by Australian normative data (McGrew, personal communication, 26 May 2013)) for 

their age and over time they do not show improvement relative to expected level of 

ability for age. These children are also behind in term of verbal ability (WJIII cluster) 

and their achievement is further below their expected level of ability again when 

retested at school entry (Tayler et al., 2015). 

There is little evidence to suggest that SES gradients are being reduced over 

time. Evidence from the US suggests that achievement gradients have expanded by as 

much 40 per cent in the last forty years (Reardon & Bischoff, 2011). These may be 

greater in magnitude than race-based differences (Reardon, 2011). In Australia the 

evidence is less clear, perhaps because there is less evidence published and certainly 

none over the time periods presented in the evidence from the US. On shorter scales 

(e.g. since the early 2000s) using measurement from the PISA, SES gradients have at 

best stayed constant. There is some evidence that the gap between high and low SES 

schools has increased on reading and math ability while the SES gradient for individual 

students has stayed constant (Ainley & Gebhardt, 2013).  

Everyday ECEC programs  
Given persistent SES gradients for children, from the earliest years there is a 

significant opportunity for ECEC programs to act to ameliorate this trend. This section 

describes the extent to which children from low SES backgrounds attend effective 

ECEC programs. Not all children experience that same quality of program. For 

example, in Australia some programs operate above set standards and regulations for 

structural quality (qualifications, ratios), and typically there is variability in the day-to-
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day interactions between educators in children. This section begins by presenting the 

evidence demonstrating that ECEC program usage is non-random. 

Children from low SES backgrounds are enrolled in different kinds and 

durations of ECEC programs in comparison to their more advantaged peers (Duncan & 

Gibson-Davis, 2006). This pattern is also observed in Australia (Baxter & Hand, 2013; 

Gilley et al., 2015; Harrison et al., 2010). Evidence for 4 and 5 year old children from 

the LSAC verifies that SES characteristics as being associated with the use of ECEC 

programs. Maternal education is associated with the use of any ECEC program, as well 

as the type and duration of the program that children receive. More educated mothers 

tend to use formal care over parent-only care as well as longer hours of care (Baxter & 

Hand, 2013). Similarly, mothers who are employed for more hours are more likely to 

use formal care over parent-only care, and use longer hours of care. There is a strong 

association of the total number of hours of ECEC used and number of hours of mother’s 

work. Full time employed mother’s children averaged 33 hours, the children of part-

time employed mothers 22.7 hours and not working mothers 18.1 hours of formal care. 

Income is also positively associated with the use of formal ECEC and the hours of 

formal care provided: 8.9% of children in the lowest income bracket received no formal 

ECEC contrasted with 1.4% in the highest income bracket, and children from families 

with incomes greater than $1000 per week were also likely to be in multiple ECEC 

programs (e.g. kindergarten and long day care) (Harrison et al., 2010) 

A core aim of this thesis is to address the extent to which everyday ECEC 

programs act to improve children’s cognitive outcomes and narrow SES gradients. 

Families in low SES areas may have fewer ECEC programs available to them, may be 

less able to pay for them, or may be less likely to use them (Bainbridge, Meyers, 

Tanaka, & Waldfogel, 2005; Early & Burchinal, 2001; Liu & Anderson, 2012). It is 

plausible to argue that both variation in the availability of ECEC programs and family 

of ECEC programs drive the allocation of children to programs. The extent to which 

this is non-random and correlated with family SES has implications for the capacity of 

ECEC programs to impact the developmental outcomes of children from low SES 

families. This section forward, therefore, presents the key literature relating to the 

availability, family selection of, and effectiveness of ECEC programs, thereby 

providing a rationale for the research questions that are described in the conclusion of 



51 

this chapter. The literature presented here is also expanded within the three studies that 

follow. 

Availability of ECEC programs. One of the underlying reasons why there is 

differential ECEC program use is variation in program availability. Underpinning this is 

the inherently local nature of ECEC programs - unlike school, ECEC programs are not 

compulsory - and families must be proximal to them to use them (Doiron & Kalb, 2005; 

Yamauchi, 2010). Families of similar SES characteristics tend to live near each other, 

with low SES families often being over-represented in low income neighbourhoods that 

tend to border each other, both in the US (Small & Stark, 2005) and Australia (Wise & 

Mathews, 2011). This pattern is described as income segregation (Reardon & Bischoff, 

2011). High degrees of income segregation have been linked to more unequal outcomes 

between families – above and beyond what would be predicted based on income 

differences between families (Reardon & Bischoff, 2011). One proposed mechanism for 

this effect is that families in lower SES communities experience less availability of 

social, health and education services (Leventhal & Brooks-Gunn, 2000). This resource-

deprivation hypothesis has been observed for the number of ECEC services in poor 

areas in the US (Queralt & Witte, 1998; Small & Stark, 2005). In Australia, however, 

there is limited evidence, yet families from low SES areas report more difficulties 

finding ECEC programs. Breunig and Gong (2010) reported that experiencing 

difficulties with paying for ECEC programs and finding places (for pre-school aged 

children, including: finding a place in the right location, for the hours needed, and 

juggling multiple arrangements) were commonly co-identified and clustered within 

geographical areas. This may imply that there are fewer available.  

An underlying cause of fewer ECEC programs being available in low SES areas 

is plausibly related to differences in the way families use ECEC programs. Parents in 

low-SES neighbourhoods are less likely to be employed than those in high-SES 

neighbourhoods and therefore less likely to use ECEC programs to support 

employment, or to use fewer hours per week. This pattern is observed in both the US 

and Australia (Bainbridge et al., 2005; Baxter & Hand, 2013; Harrison et al., 2010), and 

may lead to a reduced supply of local services for those families who do wish to access 

more ECEC in low-SES areas. 
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Families living in low-SES neighbourhoods could, in principle, rely on 

accessing ECEC programs outside their immediate neighbourhood. The necessity to 

transport the child to and from the service each day, however, means that transport costs 

may be high, and higher the further that the service is from the child’s home. How far 

families are willing to travel for ECEC programs, the local ECEC market, has not been 

addressed much as a relevant research problem. Gordon and Chase-Lansdale (2001) 

used varying geographic sizes in the US (from zip codes to counties as well as 30 mile 

radius around the home zip code) to estimate the local child care market available to 

families and found that it varied according to ECEC type. Use of centre-based care was 

well predicted by availability in a 30-mile radius around the home zip code. This is a 

much larger radius than used in school-aged research in Australia: Jensen et al. (2013) 

indicate that more than half of families travel less than 5.6km to school. It is unknown 

what the size of the local ECEC market is, and if the existing policy and planning 

processes surrounding the provision of ECEC overestimate the programs that are truly 

available to families.  Further, comparatively little is known about the availability of 

high-quality ECEC programs within low SES areas. One hypothesis is that if there are 

fewer available ECEC programs in an area, there is less likelihood that services will 

differentiate on quality. That is, there will be less motivation to produce higher quality 

programs because of the lack families with the ability to pay for high-quality services 

(Cleveland & Krashinsky, 2009). There is some evidence to support this hypothesis. 

Kahn and Kamerman (1987) suggested that for-profit providers target locations near 

middle-class and higher residential areas and Penn (2012) suggests that for-profit ECEC 

providers may avoid locations in low-SES neighbourhoods. Dickens, Wollny and 

Ireland (2012) found supporting evidence, specifically in the UK, reporting that private 

operators are resistant to providing ECEC programs (in this case, expanding subsidised 

provision for 2 year old children) in areas where they could not attract affluent families. 

The implication is that ECEC services are less financially viable in low SES 

neighbourhoods (Office for Standards in Education Children's Services Skills, 2010).  

There is little Australian evidence about how variation in the SES of areas 

affects the availability of ECEC programs and quality. The combination of income 

segregation, constrained ECEC choices in a local market, and the auspice arrangement 

of different ECEC programs (for-profit, community/non-government, or government 
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supplied) could plausibly lead to unequal distribution of not only ECEC program spaces 

but also quality. 

Decision-making about ECEC programs. Families, choose ECEC programs 

under a particular set of constraints that are unique to their context. Primarily, families 

choose programs within the constraints of availability within their local area (Doiron & 

Kalb, 2005; Yamauchi, 2010). Beyond this, there is strong evidence that demonstrates 

that using formal ECEC programs over informal, home based, or exclusive family care 

is related to family SES characteristics (Johansen et al., 1996; Kim & Fram, 2009). 

Even in countries with near universal access to ECEC programs, there are findings that 

family SES is correlated with lower likelihood of using ECEC programs or later 

commencement (Sibley, Dearing, Toppelberg, Mykletun, & Zachrisson, 2015). 

Findings from Australia support the pattern of family SES being associated with ECEC 

program usage. As family income and (main caregiver) education increase, families 

tend to use formal ECEC programs over informal or parental care. Families with more 

hours of employment and higher incomes also tend to use longer hours of ECEC 

programs (Baxter & Hand, 2013; Gilley et al., 2015; Harrison et al., 2010).  

SES, however, is not the only factor driving family decision making: the whole 

family context is important. This can be described as a rational choice model where the 

traits of the child, family, home, ECEC program, and community all play a role in 

influencing family decision making (Hofferth, Chaplin, Wissoker, & Robins, 1996). A 

useful framework for categorising the full set of characteristics that influence family 

choice of ECEC programs is in terms of intrinsic and extrinsic factors. Intrinsic factors 

are ECEC program characteristics that are related to the developmental outcomes of the 

child and extrinsic factors are peripheral factors related to the circumstance and 

convenience of the family (Johansen et al., 1996). Empirical studies in the US identify 

the major extrinsic factors as location (travel time to ECEC), price, whether the desired 

hours are available, whether the hours that are available are consistent and stable, and 

family context (e.g., the total number and ages of children at home) (Davis & Connelly, 

2005; Kim & Fram, 2009). The major intrinsic factors identified empirically are more 

varied. Some studies focus on the value families place on relationships including the 

availability of learning activities, opportunity for peer interactions, and the number of 

children in the group (Kim & Fram, 2009), while others focus on the ECEC 
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environment including the type of program offered, educational materials used, training 

of staff, and availability of recreational equipment (Johansen et al., 1996). 

Families consider intrinsic and extrinsic factors simultaneously and make 

decisions that fit their own context (Hofferth et al., 1996). Family SES tends to mediate 

how much attention is given to each set of decision-making factors. For example, higher 

SES families tend to focus less on issues like price and more on the developmental fit 

with the child. Families with higher incomes and main caregivers who work more hours 

and have university-level education weighted intrinsic characteristics more favourably 

when choosing ECEC programs (Johansen et al., 1996). Similarly, low income 

households were more focused on practical (extrinsic) factors (price, number of hours 

available, consistency of availability) rather than learning and development (intrinsic) 

characteristics of ECEC programs (availability of learning activities, opportunity for 

peer interactions) (Kim & Fram, 2009). Families with lower incomes are more sensitive 

to price in their decision to use ECEC programs or not (Early & Burchinal, 2001). 

Another key characteristic that mediates the focus on intrinsic or extrinsic factors is the 

age of the child. As children get older, particularly older than three years of age, 

families tend to value intrinsic factors more and extrinsic factors less (Johansen et al., 

1996; Kim & Fram, 2009). 

These patterns are also explored in the literature that uses non-experimental data 

to try and isolate the influence of ECEC programs on children’s development outcomes. 

These studies identify selection variables to explain the non-random allocation of 

children to ECEC programs and isolate the independent effect of ECEC programs. The 

underlying theoretical position is that family context influences both selection of ECEC 

programs and children’s developmental outcomes. Simply observing the effect of 

everyday ECEC programs on children’s developmental outcomes is insufficient to 

know the true effect of the program (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003). The NICHD study has 

carefully considered a range of child, family, and household characteristics that 

influence both selection into ECEC programs and children’s learning and 

developmental outcomes. Thirty-three selection variables were identified in a body of 

work that analysed NICHD data, many of these were highly correlated, and no study 

used more than 11 (Duncan & Gibson-Davis, 2006). These are considered a strong set 
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of selection variables that have significant overlap with the decision making literature. 

The set of most commonly used variables identified from the NICHD study are given in 

Table 3 (adapted from Duncan & Gibson-Davis, 2006; National Institute of Child 

Health and Human Development Early Child Care Research Network, 2003). 
Table 3 Most frequently used set of child and family characteristics used to control for 

selection to ECEC program identified in the NICHD study. 

Level Variable 
Child Gender 
 Ethnicity 
 Temperament 
 Earlier cognitive ability 
 Earlier language ability 
 Earlier ability to sustain attention 
 Earlier social competence 
 Earlier behaviour problems 
 Attachment or interaction  
Family Family income relative to need 
 Maternal education 
 Family composition (e.g., marital status) 
 Maternal education or cognitive ability 
 Maternal depression 
Home Home learning environment 
Community Geographic region (size) 

 

A significant gap in this literature relates to how these key selection variables 

relate to ECEC program quality. Families explicitly state they attend to intrinsic factors 

including the availability of learning activities, opportunity for peer interactions, the 

number of children in the group (Kim & Fram, 2009), the type of program offered, 

educational materials used, training of staff, and availability of recreational equipment 

(Johansen et al., 1996). However it is unclear whether this corresponds to the measures 

of ECEC program quality that are associated with children’s developmental outcomes 

and used in regulatory, academic, and professional development context. Limited 

Australian evidence suggest it is plausible that families do consider ECEC program 

quality in similar ways to expert ratings in the sense that they consider relationships and 

the process aspects of quality as particularly important (Fenech, Harrison, & Sumsion, 

2011). 
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There is also scant research evidence about families’ abilities to recognise and 

discern between different levels of ECEC program quality. One study in the US, found 

that families tend to over-estimate quality (substantially in the case of infant and toddler 

care) when parent ratings of quality were compared to expert ratings made on a standard 

instrument (Cryer & Burchinal, 1997). There is, however, evidence that this over-

estimate may still be correlated with expert ratings. Such a pattern is described as being 

weakly rational: families ratings of ECEC quality is correlated with expert ratings, 

however the absolute level is not in agreement (in this case, using the Early Childhood 

Rating Scale – Revised (Harms et al., 1998)). Importantly, main caregivers with more 

education and who used more hours of ECEC programs were more accurate in their 

estimates of ECEC quality (Mocan, 2007). This is potentially caused by differences in 

the way that families from low SES backgrounds select ECEC programs. There is 

evidence that families from low income backgrounds in the US use few sources of 

information in making decisions about child care. In one study, up to 80 per cent of 

child care arrangements were made on the basis of referrals from friends only (Walker, 

1991). Taken with the evidence above that higher SES families give greater weight to 

intrinsic factors (potential quality indicators) and face fewer price constraints, it is 

plausible that SES may have a role in the extent to which families are attuned to and 

select ECEC programs on the basis of quality. 

The position is adopted that decision making about ECEC program quality is 

associated with family characteristics. In the same way that the choice to use ECEC 

programs is conditional on family context, so is the selection into different levels of 

ECEC program quality. In part, this may reflect families from higher SES backgrounds 

are found to invest more into information gathering, have fewer constraints (e.g., price), 

and have potentially more high-quality ECEC available to choose from in their local 

market. 

The impact of effective ECEC programs on cognitive development. There is 

general consensus that ECEC programs have the potential to positively impact 

children’s cognitive development. Three experiments, using rigorous designs and 

conducted with children from disadvantaged backgrounds in the US in the 1960s and 

1970s, provide cogent evidence of these positive and lasting effects (Penn et al., 2006). 

The Abecedarian (Ramey & Ramey, 1998), High/Scope Perry preschool (Schweinhart, 
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2005), and the Chicago child parent centres (Reynolds, 2000) studies all demonstrate 

significant benefits for vulnerable children over the long term. The High/Scope Perry 

preschool project reported effect sizes of about 0.90 standard deviations on measures of 

language and cognitive ability in the short-term. Long term effects on academic 

achievement were in the range of 0.30 - 0.50 standard deviations (Schweinhart, 2005). 

The Abecedarian preschool program, reports effect sizes of 1.08 on IQ at age 4.5 years, 

and 0.39 at age 15 when comparing the treatment group to the control group (Ramey et 

al., 2000). These effects have persisted over the life course to mid and late adulthood in 

the form of better school completion, employment, and social and behavioural outcomes 

(Schweinhart, 2005). 

Since these experiments were conducted a number of studies tried to replicate 

these findings in everyday ECEC programs, with mixed results. Some studies have 

found everyday ECEC programs to have no effects. For example, expansion of access to 

low-cost child care in Quebec, Canada, had no effect on children’s vocabulary 

development (Baker et al., 2008), and participation in centre-based child care in the US 

showed no effect for math, reading or vocabulary (Blau, 1999). Conflicting results 

report that centre-based ECEC programs have small, but generalised effects across 

diverse populations of children (different income brackets, ages, genders and 

ethnicities). Most of the evidence to support this is found in the US. The National 

Institute of Child Health and Human Development (NICHD) Study of Early Child Care 

found effects for child care at infants and toddler ages (15-24 months) on cognitive and 

academic achievement at 54 months in the range of an effect size of 0.04-0.10 (National 

Institute of Child Health and Human Development Early Child Care Research Network 

& Duncan, 2003). Not all effects for programs offered to all children are so small. In 

comparison, a relatively high-cost pre-kindergarten program in Oklahoma (for children 

around 48 months) that invested heavily in participating children (e.g., teachers were 

required to be university educated, hold an early childhood certification, and were paid 

the same rate as school teachers) demonstrated greater benefits across the population, 

with effect sizes in the range of 0.38 (early mathematics) and 0.79 (early reading) 

(Gormley et al., 2005). 

Attempts have been made to explain why findings are so inconsistent. Two 

explanations are that everyday ECEC programs are substantially different from the 
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model ECEC programs observed in experiments. The second is that there are 

heterogeneous treatment effects according to child disadvantage or vulnerability. The 

following sections expand on these two concepts. 

Variations in structure, quality, and dose. It is plausible that everyday ECEC 

programs are significantly different from model programs. However, the model 

programs observed were not structured very differently from everyday ECEC programs, 

at least in regard to time and resource availability. For example, the High/Scope Perry 

preschool program was structured as a two-and-a-half hours per day program, operating 

for five days per week, 30 weeks per year, over two years (e.g., 375 hours per year). A 

distinguishing characteristic is stability of program offer.  Everyday ECEC programs in 

Australia, for instance are open a minimum of 15 hours per week for around 40 weeks 

per year for most kindergarten programs and 50 hours per week for at least 48 weeks a 

year for programs that operate in long day care settings. Average attendance within 

ECEC programs for the three years prior to school increases from 13, 18, and 25 hours 

per week giving children comparable hours of attendance (Gilley et al., 2015). Though, 

given the preceding section, it is likely that these averages co-vary with family SES. 

It is unclear whether the age the child begins attending ECEC programs (age of 

entry), or how many hours they attend within any particular ECEC program (dose 

response) influences developmental outcomes. Evidence in the US is mixed. Some 

studies find no dose-response (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003) on no effect for full-time 

participation versus part-time participation (pre-K in the US, in this case) (Howes et al., 

2008). Other studies imply a heterogeneous dosage response. The Abecedarian 

preschool interventions found, for very vulnerable children, there are significant 

differences for ECEC programs providing more than 450 hours per year (compared to 

300) (Campbell et al., 2012; Reynolds et al., 2011). Similarly, some studies find that 

age of entry predicts stronger child outcomes. For example, an Australian study found 

stronger associations with outcomes for ECEC program attendance before the 

kindergarten year (i.e. before the year before school) (Coley et al., 2014). Other studies 

find this only holds for low SES children (Reynolds et al., 2011) 

It is, however, plausible that model programs exhibited high interaction-quality. 

There are no observations of these programs’ quality using contemporary measures, 
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however there are structural indicators. The High/Scope Perry preschool program was 

complemented by one-and-a-half hour in-home visit once per week, “well qualified” 

staff engaged in professional development or “project meetings” for part of one day 

every week, and teacher-child ratios of between 1:5-6.25 (Schweinhart, 2005. p. 33). 

Given these structural conditions, coupled with an explicit focus on lifting 

developmental outcomes and the involvement of developmental scientists in monitoring 

the program implementation, it is likely that daily interactions with the children were 

focused and of high-quality. Conversely not all everyday ECEC programs are high-

quality. The overall observed quality in everyday ECEC programs seems to be variable. 

Tayler et al (2013) reported results for a large sample of Australian services and showed 

that, on average, across six dimensions of ECEC program quality there was variability 

between program types and settings. Some programs scored high and others low on 

both the Classroom Assessment Scoring System (CLASS) (Pianta et al., 2008) and The 

Early Childhood Rating Scale – Revised (ECERS-R) (Harms et al., 1998) scales9. There 

was also variability between the measured quality factors. Some dimensions on ECEC 

quality where generally high: observations on the Emotional Support scale of the 

CLASS had a mean of 5.13 (SD = 0.92) while Instructional Support has a mean of 2.07 

(SD = 0.76), both on a scale running from one (low) to seven (high). On the CLASS 

scale scores between one and two are considered low quality while scores above 5 are 

considered high-quality (Tayler et al., 2013). In the US, pre-kindergarten classrooms 

show similar patterns. More than 25 per cent of classrooms in 11 states scored greater 

than five for Emotional Support, while less than one per cent scored similarly for 

Instructional Support (Burchinal et al., 2010; Mashburn et al., 2008). Comparisons 

between countries also illustrate variability. Australian scores on Instructional Support 

using the CLASS are generally higher than pre-kindergarten classrooms in the US (d = 

0.29) and observations using the ECERS-R were generally lower than British 

                                                
9 These are two standard instruments that are commonly used to measure the 

quality of ECEC programs. CLASS captures interactions between adults and children 
(and between-children and children) on three scales Emotional Support, Classroom 
Organisation, and Instructional Support (Pianta et al., 2008). ECERS-R focus on a 
broader snapshots of ECEC program characteristics including the daily schedule, 
physical materials, activities undertaken, and hygiene practices (Harms et al., 1998).  
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preschools (though ECERS subscales were used inconsistently between countries) 

(Tayler et al., 2013). 

Variations in ECEC program lead to variation in children’s developmental 

outcomes. Overall, effect sizes are modest when comparing level of program quality 

and child outcomes in the general population: the Cost Quality and Child Outcomes 

(CQCO) Study found effect sizes of up to 0.18 in the short term and 0.11 in the medium 

term between program quality and reading, math and language development (Peisner-

Feinberg et al., 2001). Specific interventions for children from low-income families, or 

disadvantaged children, tend to show greater effect sizes. State-funded (US) pre-

kindergarten programs that either targeted or included low income students show effect 

sizes in the range of 0.23 – 0.53 (Gilliam & Zigler, 2000). Burchinal, Kainz and Cai 

(2011) report a modest average effect size of 0.12 for quality on child outcomes 

(academic/cognitive, language and social) after controlling for child, family and home 

background. The authors speculate that these modest findings are an underestimate of 

the effect of quality of outcomes caused by a lack of variation in quality observed. This 

is supported by comparisons between the highest and lowest levels of quality (to force 

greater variation between levels of quality) where effect sizes are greater in magnitude: 

contrasts between the first and fourth quartiles of quality show effect sizes of up to 0.48 

on similar outcome domains (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2000). Importantly, there are 

potentially non-linear relationships between ECEC program quality and outcomes. In 

pre-kindergarten classrooms in the US, Instructional Support predicted language ability. 

Instructional Support, however, only predicted increasing levels of reading and math 

achievement above the threshold of 3.25 (on a seven point scale) (Burchinal et al., 

2010). 

The effect of everyday ECEC program quality on children’s cognitive 

development in Australia is mostly unknown. There is some limited evidence that 

attending everyday ECEC programs has positive developmental effects, though these 

findings do not control for ECEC program quality (Coley, Lombardi, Sims, & Votruba-

Drzal, 2013). There are no findings about the relationship of ECEC quality and 

children’s outcomes in Australia on large or representative samples of children (Coley 

et al., 2014). This thesis, and other work being undertaken in the E4Kids study aims to 
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overcome this and more is discussed in the following chapter. Given the similarities in 

ECEC program quality scores it may be reasonable to expect similar magnitude effects 

as seen in the US. This is however uncertain given the different contexts of 

proportionally lower inequality and greater ECEC program participation (Coley et al., 

2014; Corak, 2013b; Tayler et al., 2013). 

Heterogeneous treatment effects. In the sections above, it was noted that ECEC 

program availability and family selection processes may lead to sub-optimal allocation 

of children to ECEC programs of different quality levels. Because families self-select 

the ECEC programs, notwithstanding policy rhetoric regarding targeting the provision 

of ECEC programs toward children in disadvantaged families, there is not perfect 

allocation of children to the most effective programs. In the model programs, children 

from highly disadvantaged backgrounds were allocated to programs specifically 

designed to boost their developmental outcomes regardless of whether families could 

afford them, or whether they would be typically provided in local neighbourhoods under 

the regulatory and market conditions of the day. If children from the least advantaged 

backgrounds are the least likely to experience high-quality programs and they are the 

most likely to benefit from them, observational studies of ECEC program effectiveness 

may underestimate the impact of ECEC quality. Even with excellent statistical controls 

for selection, there would be little observed variation in the allocation of children from 

low SES families to high-quality programs and vice versa. 

Heterogeneity of treatment effects are observed in the literature. Children from 

low and middle income families and children from families where the main care giver 

had very low levels of education, and who attended centre-based ECEC programs 

before kindergarten, had positive gains on math ability (including both those who went 

to Head Start and other centre-based pre-kindergarten programs). Children who were 

from low income families and who attended for more than 30 hours per week 

experienced pre-reading gains. Children from high-income families experienced smaller 

or no developmental gains from participation (Loeb, Bridges, Bassok, Fuller, & 

Rumberger, 2007). Analysis of Head Start data shows similar patterns. Children from 

very low income families and with main caregivers with less education (less than high 

school) who attended pre-kindergarten had greater math and reading ability gains than 

their more advantaged peers. These effects persisted into primary school (Magnuson, 
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Meyers, Ruhm, & Waldfogel, 2004). A recent US study that used low birth weight as a 

variable to randomly allocate children to a high-quality (Abecedarian-like) child care 

program for children aged two and three, found that SES gradients could be completely 

ameliorated in the short term and reduced into primary school. An IQ difference at age 

two of 1.35 SD between low income and high income children was narrowed by 75 per 

cent by high-quality child care. At age 5 the gap was narrowed by 101 per cent. Age 

eight math and reading gaps were narrowed by between 80 and 90 per cent (Duncan & 

Sojourner, 2013). 

ECEC program quality seems to be an important component of the potential for 

everyday ECEC programs to influence the developmental outcomes of children from 

low SES backgrounds. It is plausible that without high enough levels (thresholds) of 

quality, positive developmental effects may not be observed. Further, because families 

play an active role in selecting ECEC programs, it is potentially the case that ECEC 

programs do not effectively engage the children and families most likely to benefit from 

them. Some evidence to support this exists in the US, thought almost no literature exists 

regarding the distribution of ECEC quality the underlying process of how families 

select into it and the subsequent child outcomes. The ability of everyday ECEC 

programs to ameliorate the developmental risk of coming from a low SES family is 

generally unknown in Australia.  

Conclusion and research questions 
This chapter has focused on: introducing the key concepts and theoretical 

perspectives used in this thesis; describing the Australian ECEC context; and, setting 

out current understandings of the role everyday ECEC programs in the learning and 

developmental outcomes of children from low SES backgrounds. ECEC programs, 

under specific conditions, are shown to be effective at narrowing the achievement gap 

between children from low SES backgrounds and their more advantaged peers (Duncan 

& Sojourner, 2013). Across wealthy English-speaking nations, governments have used 

this evidence, in part, to expand the provision of ECEC programs. Australia has 

significantly increased expenditure on ECEC programs (primarily through fee 

subsidies) and in turn the number of ECEC providers and the participation in programs 

has increased. The current Australian ECEC reform agenda focuses on improving 

access to programs (Productivity Commission, 2015).  
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Despite the potential of everyday ECEC programs to intervene in children’s 

outcomes and the expansion of investment and participation in ECEC programs, there is 

new evidence of SES gradients for cognitive development in Australia before children 

enter school (Tayler et al., 2015) and no studies yet verifying that everyday ECEC 

programs are narrowing SES achievement gaps, and persistent gaps are found in school 

achievement (Ainley & Gebhardt, 2013). This thesis focuses in on ECEC program 

availability, family choice to use ECEC programs, and the quality ECEC programs to 

explain, at least partly, why ECEC programs may not deliver the substantial policy 

benefits promised by program usage for children from low SES backgrounds.  

 Research questions. The research questions, therefore, are grouped into three 

areas of interest, relating to: how families are constrained by the availability of ECEC 

programs in their local area (availability), how family choice of program is influenced 

by family context (decision making), and how ECEC programs contribute to the 

learning and development of children from low SES backgrounds (effectiveness). 

 Availability of ECEC programs. The first research aim is to establish if high-

quality ECEC programs are equally available to all families. This section addresses 

three research questions: 

1. What is the size of the local ECEC market and do families who live in low SES 

areas attend services in low SES areas? 

2. Are there an equal number of ECEC programs available to families in all local 

areas? Is there variation in the type, ownership and management structure of 

ECEC programs according to SES? 

3. Is the quality of ECEC programs equal across local areas? Does ECEC quality 

vary according to the SES of the local area and other key covariates, including 

the type and structure of the program, ownership and management structure of 

the service, and the remoteness of the area? 

Family selection of ECEC programs. The second research aim of this thesis is 

to identify who attends high-quality ECEC programs and if family circumstance 

strongly predicts the likelihood to use ECEC programs. This section addresses three 

research questions: 

1. What proportion of Australian ECEC programs can be considered high-quality 

and what proportion of Australian children attend high-quality ECEC programs? 
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2. How is the attendance of high-quality ECEC programs distributed by family 

SES? 

3.  Are there strong trends in the observed preference of families to choose ECEC 

quality? What child, family, and community context variables predict selecting 

ECEC quality? 

Children’s development. The third research aim is to identify the extent to 

which everyday ECEC programs are narrowing SES achievement gaps. This aim 

addresses three research questions: 

1. What do the developmental trajectories of children look like across the years 

prior to entering school? Are SES achievement gaps observed for cognitive 

developmental outcomes in the years prior to school? 

2. Is ECEC program quality associated with positive developmental gains, 

controlling for key selection variables? 

3. Do children from low SES backgrounds have positive cognitive gains caused 

by their participation in ECEC programs? Do children from low SES 

backgrounds catch up to their more advantaged peers? 
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Chapter 3: Method 
This chapter provides an overview of the data, major methods, and analytic 

approach used in this thesis. Of particular focus is: (1) the sampling methodology used 

to generate the core data set, (2) the weighting methodology used to account for the 

sampling approach, (3) the data linkages used to supplement the core data set, (4) the 

measurement work undertaken to support the analysis, and (5) the broad analytic 

approach taken. At the end of the chapter the ethics approval for undertaking this work 

and the thesis is described. 

The chapter’s ultimate aim is to justify the analytic approach given the strengths 

and limitations of the achieved data set. This chapter will illustrate that the data set and 

analytic approach can be used to account for the availability of ECEC programs, family 

choices to use ECEC programs, and the extent to which ECEC programs add to 

children’s cognitive development. The analysis conducted within each specific study is 

described in full detail within each of three chapters following this chapter. 

Background to the study design 
The core data set used is from the Effective Early Educational Experiences 

(E4Kids) study. E4Kids is a study about the effectiveness of ECEC programs in 

Australia. It was designed immediately before and conducted during a national ECEC 

sector reform agenda targeted to “ensure that by 2020 all children have the best start in 

life to create a better future for themselves and for the nation” (Council of Australian 

Governments, 2009, p. 4). This national reform agenda included the introduction of the 

Early Years Learning Framework (ELYF) and National Quality Standard (NQS) 

(described in the previous chapter) and meant that the E4Kids study was situated in a 

time and place when the contribution of ECEC programs to children’s learning and 

development was in sharp focus. 

E4Kids was designed to provide detailed empirical evidence about the everyday 

ECEC programs and the children who attend them from the diversity of Australian 

communities including remote, regional and urban areas. The E4Kids study was 

designed to address the following key research aims: 
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• Identify and define quality in ECEC by measuring and assessing the 

independent contributions of: program scope, structure and pedagogical 

practices 

• Evaluate the independent effects of ECEC programs, at 3-4 years, on children’s 

learning, cognitive and social development, social inclusion and wellbeing by 

controlling for family background, family learning environment, prior non-

parental care and community. 

• Evaluate the independent effects of ECEC programs on family participation, 

social inclusion and well-being controlling for family background, family 

learning environment, prior non-parental care and community. 

• Evaluate investment in ECEC programs by understanding the contribution of the 

program components that add value to child outcomes and to assess, through 

comparison of relative effectiveness, the returns on those investments to 

children, families and the community. 

More information about the E4Kids study can be found on the study website10 

and in early publications (e.g., Tayler et al., 2013). This thesis and the manuscripts 

included are the first detailed published descriptions of the sampling and weighting 

methodology employed and of some of the measurement work undertaken – especially 

relating to the measures of family SES. 

Sampling Methodology 
To address the key research aims of the E4Kids study a cluster-randomised 

sampling design was used to select a cohort of children attending every day ECEC 

programs. The cohort was recruited in 2010 and participated longitudinally until final 

data linkage occurred in 2015. The process used to achieve the final sample was to 

identify: (1) the target population, (2) the sampling frame that represents that target 

population (achieved population), (3) the target sample, and (4) the achieved sample. 

The sampling approach used is based on other large educational studies, including the 

Programme for International Student Assessment (PISA) and Trends in International 

Mathematics and Science Study (TIMMS) (Adams & Wu, 2002; Joncas & Foy, 2012). 

                                                
10 http://education.unimelb.edu.au/news_and_activities/projects/E4Kids 
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Target Population. The target population is broadly the population to which the 

study results will be generalised. That is, it is the population that results of the study 

represent. The extent to which this is possible depends on the quality of the final 

achieved sample and the ability to backwards engineer any bias introduced into the 

sample during the process. The E4Kids study focuses on children participating in 

everyday ECEC programs in Australia. This is an important distinction from other large 

data sets in Australia that include information about children and their development: the 

E4Kids study relates specifically to ECEC programs and those children who participate 

in them11. The target population therefore is related to the children who participate in 

ECEC programs in Australia – a subset of all children in Australia. The scope of the 

target population was reduced by three contextual factors: population density 

constraints, child age constraints, and funding and access constraints.  

Population density constraints reduced the scope because in very remote areas, 

for instance, low population densities meant that everyday ECEC provision did not 

exist. Other forms of provision, including mobile or visiting services, or no provision at 

all were offered in these areas (Beisler, 2011). Areas that did not provide typical 

everyday ECEC programs were excluded from the target population12. 

Child age constraints reduced the scope because of the variability of the ages of 

children participating in different forms of ECEC provision. In everyday ECEC 

programs, services can be provided to children aged between zero and 12 years of age 

(Steering Committee for the Review of Government Service Provision, 2015). In centre-

based child care settings children are usually aged from six weeks to six years and are 

typically separated into classrooms based on age (e.g., infants, toddlers, and pre-school 

aged children). Some, typically stand-alone, preschool programs, however, only offer 

services to preschool-age children (three-five years). To normalise the age ranges of 

children from different provision types and ensure all major provision types were 

included in the study, the target population was reduced in scope to include children 
                                                
11 The E4Kids study also recruited a parallel sample of children who did not 

participate in ECEC programs. This no program control (NPC) sample is not used or 
discussed in this thesis. For more information about the NPC sample, see Cloney, 
Tayler, Cleveland and Thorpe (2012). 

12 A threshold of, 200 children within each year of age within Statistical Local 

Areas (SLAs) was established. 
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who participated in ECEC classrooms that usually included three- and four-year-old 

children. By implication, this excluded, for example, infant-toddler classrooms in long 

day care services. 

Funding and access constraints reduced the scope of the target population by 

limiting the total size of the study. To meet the study aims (listed above) a large number 

of observations are needed both of ECEC classrooms and the children participating 

within them. That is, it was not possible to recruit thousands of classrooms with only 

one or a few children participating. Such a design would allow for accurate estimates of 

classroom level parameters but limit the estimation of within-classroom-level 

parameters related to classroom effectiveness (e.g., the effect of quality on learning and 

development). To make reliable estimates at the within-classroom level many 

observations of the relationship between student and classroom are required and by 

implication a balance is needed to provide an adequate number of observations at both 

levels. A discussion of this can be found in Appendix A. Further, because the study was 

in part funded by the State Government jurisdictions of Queensland and Victoria the 

target population was limited to these states. Finally, in order to maximise the available 

budget it was decided to locate the study sites within specific regions to minimise travel 

time between sites. To meet the above requirements while representing the geographical 

diversity in Australia, and meet the budgetary limitations, the target population was 

selected deliberately to be children participating in ECEC programs in the Statistical 

Divisions of Brisbane and Melbourne (metropolitan) and the Statistical Local Areas of 

Greater Shepparton (regional) and Mount Isa (remote). 

 Achieved Population. The achieved population is the best listed representation 

of the target population that can be sampled from. From the achieved population is it 

possible to calculate the probability of being included in the sample and therefore to 

estimate how many units of the population each member of the sample represents. 

There is no comprehensive list of the names and addresses of all children attending 

formal ECEC programs at any given time. The study instead utilised regulatory lists of 

licensed ECEC programs. The State Government partners provided the study with lists 

of licenced ECEC programs current for the year 2009 from the four study regions: this 

constituted the sampling frame. In stage one, services were selected randomly from the 

sampling frame. In stage two, clusters of children were recruited from the classrooms 
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within the selected services that included children aged three and four. The whole 

classroom was invited to participate. 

 Target Sample. The target sample is the optimal sub-set of the achieved 

population that allows for generalisation of sample estimates back to the population. 

The sampling frame (achieved population) included a set of information about each 

ECEC program. This information was used to explicitly and implicitly stratify the 

sampling frame to ensure that a set of program characteristics was proportionally 

represented in the final sample (Joncas & Foy, 2012). This information included: 

license type (what kind of ECEC service was it), capacity (the number of children who 

could attend at any given time), location, and SES of location13. 

A target sample of 150 services and 2500 children was set. The rationale for 

these figures is based on the likely range of the design effect (DEFF). DEFF represents 

the influence of clustering relative to a completely random sample (Bartko, 1976). The 

E4Kids study recruited children clustered within classrooms. DEFF can be interpreted 

as the reduction in effective sample size to equate to the power of a true simple random 

sample. A review of the literature found no estimates of the likely magnitude of the 

DEFF in Australian ECEC classrooms for the measures selected in the study (DEFF 

will be different for every parameter estimated). Instead, the school literature was 

consulted and a plausible range of zero to five established (yielding an effective random 

sample equivalent of 500-2500 children). Later analysis demonstrated that the design 

effect ranged from very low (~0.3 for the Strengths and Difficulty Questionnaire) to 

moderate (~3 for some subscales of the Woodcock Johnson III). The estimates however 

fit well inside the range expected. More information can be found in the Technical 

Document (Cloney, 2011) found in Appendix A. 

Stage one of the sampling design was to select ECEC services proportional to 

size, measured by the total licensed capacity within each stratum. The sampling frame 

was explicitly stratified by location (Brisbane, Melbourne Shepparton, Mount Isa) and 

service type (Long Day Care, Kindergarten, Family Day Care, Occasional or Limited 

Hours Care). Some minor forms of ECEC services were excluded (Early Childhood 

                                                
13 Measures using the ABS Socio-Economic Indexes for Areas (SEIFA) Index of 

Relative Socio-economic Advantage and Disadvantage (IRSAD) described further 
below. 
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Inclusion Services, and Restricted Licenses in Victoria – representing less than one per 

cent of all programs) as per the scope of the sample design. This yielded 16 explicit 

strata. The target sample of 2500 children was split proportionally between each stratum 

so that the largest stratum was allocated the greatest proportion of the target sample and 

the smallest stratum the least. This process established target numbers of ECEC services 

within each stratum that are specified in Table 4. 

Within each explicit stratum, implicit stratification was used to ensure a spread 

of services from high and low SES neighbourhoods. Each stratum was ordered by 

neighbourhood SES and service capacity in the first and fourth quartiles of area SES 

was weighted up by 35/25ths while the middle quartiles were weighted down by 15/25ths. 

That is, when the sample was selected there was an increased chance that ECEC 

services in the highest and lowest quartiles of SES would be selected, relative to the 

middle quartiles. This is further described in the weighting methodology. 

 Achieved Sample. Stage one of the sampling process was undertaken between 

September and December 2009. From this, the second stage (children within 

classrooms) of sampling was completed in the first quarter of 2010. Within the 

sampling frame, with services now listed and weighted by neighbourhood area SES, a 

new vector was created representing the weighted cumulative sum of the capacity 

within the stratum. This vector ranges from one to the sum of the weighted capacity 

within the stratum. A random number within the range of the cumulative sum vector 

was drawn and this was the first service sampled. The remainder of the target number of 

services were selected by sampling down the list by the sampling interval (described in 

the weighting section) and looping back into the top of the sampling frame when the 

bottom of the list was reached. The sampling interval is described for each stratum in 

Table 4. 

Each selected service was sent a letter and received a follow up phone call to 

explain the study and invite the director of the ECEC service to participate. Services 

that did not agree to participate where replaced using the next centre down the list in the 

sampling frame. If the replacement service also did not agree to participate, the next 

replacement was the service above the originally sampled service in the sampling frame. 

This nearest neighbour replacement strategy was used until a service agreed to 

participate that was similar to the first sampled service. There was little total 
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replacement sampling conducted and when it was, usually the next service in the 

sampling frame agreed to participate. The replacement sampling within each stratum is 

described in Table 4. This outcome was seen as positive as sampling methodologies in 

the ECEC sector, particularly the private-for-profit sector, are not well documented and 

so the propensity for ECEC programs to participate in research was largely unknown at 

the time. 
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Table 4. Description of achieved population and target sample by sampling stratum 

  Brisbane Melbourne Shepparton Mount Isa 

  LDC
1
 K

2
 FDC

3,4
 OCC

5
 LDC

1
 K

2
 FDC

3,4
 OCC

5
 LDC

1
 K

2
 FDC

3,4
 OCC

5
 LDC

1
 K

2
 FDC

3,4
 OCC

5
 

Achieved population size 733 143 30 10 870 795 37 296 12 25 2 13 5 4 1 0 

Average capacity 63 33 35 22 68 35 44 22 77 31 120 23 66 23 22 . 

Total capacity 46242 4735 1055 195 58731 27425 1635 6654 927 763 240 301 331 93 22 . 

Target Sample size 56 11 2 1 30 14 3 3 8 7 1 4 5 4 1 0 

Sampling interval 825.8 430.5 527.5 195.0 1957.7 1958.9 545.0 2218.0 115.9 109.0 240.0 75.3 66.2 23.3 22.0 . 

Total replacements 21 7 0 1 8 6 1 1 0 1 0 2 0 0 0 . 

Minimum replacement 

order
6
 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 . 

Maximum replacement 

order
6
 4 2 0 1 3 2 3 1 0 1 0 2 0 0 0 . 

1 
Long Day Care 

2 
Stand-alone, typically sessional kindergarten programs for children in the year before school and three-year-old programs in Victoria 

3
 Family Day Care 

4
 Service capacity was not available in 2009 licensing data. Data reported are the number of FDC schemes in each stratum (achieved population size and target sample size) and the number of 

FDC carers within each stratum (capacity) FDC homes usually included between 4 and 7 children 

5
 Occasional care or limited hours care 

6
 Replacement order is the number of services selected to replace the originally samples service. Zero reflects that that the service originally sampled agreed to participate 
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In the second stage of sampling each service that accepted the invitation to 

participate was audited with a standardised schedule to list the type of classrooms it 

included. Each classroom had a type (for example kindergarten classrooms can exist in 

a long day care centre), a size (capacity), and an age-range. All classrooms that included 

five or more children between the ages of three and four were included in the study. All 

children within the classroom were invited to participate. In family day care homes, the 

home was recruited if it included as least one child aged between three and four. 

The E4kids study achieved a sample of 2494 children drawn from 142 recruited 

services. The longitudinal design meant that the services and classrooms included in the 

study in subsequent years were non-randomly selected. Children in the study progressed 

into the preschool and school classrooms that their families selected and in turn these 

services and classrooms were recruited to the study. There were 721 and 806 ECEC and 

school services in 2011 and 2012 respectively. Within these services, there was a total 

of 286, 1136, and 1427 classrooms in 2010, 2011, and 2012 respectively. The study 

continued in 2013, 2014, and 2015, using data linkage with the school sector although 

no explicit information about the number of programs or classrooms children attended 

is derived as this was not the purpose of the linkage activity. A summary of the 

achieved sample is given in Table 5 and Table 6. 
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Table 5. Achieved E4Kids sample of ECEC and school services and children within them. 

  FDC
1
 K

2
 LDC

3
 S

5
 O

6
 U

7, 8
 Total 

Services 2010 7 40 92 0 2 1 142 

Children 2010 100 818 1542 0 27 7 2494 

Services 2011 8 186 153 371 2 1 721 

Children 2011 51 629 720 932 12 150 2494 

Services 2012 3 70 53 677 1 2 806 

Children 2012 10 100 109 1923 2 350 2494 

 

 

Table 6. Achieved E4Kids sample of ECEC and school classrooms and children within them. 

  FDC
1
 K

2
 LDC

3
 KLDC

4
 S

5
 O

6
 U

7, 8
 Total 

Classrooms 2010 59 71 93 21 0 2 40 286 

Children 2010 100 741 1106 224 0 27 296 2494 

Classrooms 2011 35 299 143 71 576 9 3 1136 

Children 2011 51 631 549 167 931 12 153 2494 

Classrooms 2012 9 88 42 31 1253 2 2 1427 

Children 2012 10 101 61 47 1922 2 351 2494 

1
 Family Day Care 

2
 Stand-alone, typically sessional kindergarten programs for children in the year before school and three-year-old programs in Victoria 

3
 Long Day Care 

4
 K programs provided in LDC settings 

5
 School 

6
 Other, including limited hours and occasional care programs 

7
 For Classroom rows, count of rooms where either Room or Service type data is missing.  

8
 For Children rows, count of children who were allocated to a classroom or where either Room or Service type data is missing.  
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The achieved sample was split approximately equally along gender lines: 1199 

females (48 per cent), 1294 males (52 per cent), and 1 non-response. Children’s ages at 

1 January in each ear of the study are given in Table 7. The histogram in Figure 2 

reinforces the diversity in ages when recruiting children participating in everyday ECEC 

programs in Australia that include children aged three to four. 

 
Table 7. Child ages at 1 January in each year of the study. 

Year n M SD min max 
2010 2493 42.92 7.27 12 68 
2011 2493 54.92 7.27 24 80 
2012 2493 66.92 7.27 36 92 

 

 
Figure 2. Histogram of child age in the E4Kids achieved sample. 
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Weighting Methodology 
Sampling weights account for the sampling method and ensure that no 

individual cases over- or under-influence parameter estimates. For example, over-

sampling of services in low and high SES areas may lead to these services contributing 

more influence on estimates of service-level characteristics. Sample weights therefore 

allow estimation of valid population estimates and inferences.  

Weights are calculated for all children and for the services recruited in 2010. 

After 2010, services were recruited to the study as children moved to them (that is, non-

randomly) and therefore in the cross-sectional years of 2011 and 2012, services are 

equally weighted. 

The methodology used to calculate the weights reflect the standards of best 

practice for analysing complex survey data. The procedures used are consistent with 

international studies of educational achievement, including the Programme for 

International Student Assessment (PISA) (Adams & Wu, 2002) and the Progress in 

International Reading Literacy Study (PIRLS) (Joncas & Foy, 2012). 

Service weights. The service weight can be interpreted as the number of 

services that each sampled service represents in the population. The weight of service i 

is denoted !". In	Mount	Isa,	as	all	services	were	selected	with	certainty,	!" 	is	set	to	
equal	one14.	In	all	other	strata,	the	weight	of	service	i	is	calculated	as	the	product	of	
a	base	weight,	a	correction	factor,	and	a	trimming	factor	and	is	given	by	Equation 2.	
Where	a	service	is	selected	and	then	replaced,	the	service	that	participates	inherits	
the	weight	of	the	originally	sampled	service.	

Equation 2 Service weight function. 

!" = $"%"&'" 	
	
$" is the base weight of service i that (approximately) sums, across the selected 

services within the stratum, to the total number of services within the stratum, and is 

given by Equation 3. 

                                                
14 Note, these values are obfuscated by a function that adds random noise to the 

weight by drawing a value from a distribution (N(0, 0.1)) for each case. 
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Equation 3 Service base weight function. 

$" =
()& *+,

)
*+,"	

$ℎ/0/	()& *+,
) > *+,"		/2,/	1	

 

Where ()&( 567
8 ) is the sampling interval within the explicit stratum, given by 

the sum (within the stratum) of measures of size (the capacity of each service) divided 

by the number of services within the stratum. One service in Shepparton has *+," 
greater than the sampling interval and receives a base weight of 115 as per the 

conditional statement in Equation 3. The sum of the selected services’ base weights is, 

therefore, an approximation of the count of services within the stratum with some 

random perturbations due to chance (e.g. start value and sampling intervals less than 

*+,"). 
%" is a correction factor to account for the implicit oversampling of services in 

high and low SES communities. During sampling, services were ordered by the SES of 

the community in which they operate (measured by the Socio-Economic Index for 

Areas (SEIFA) Index of Relative Socio-Economic Advantage and Disadvantage 

(IRSAD)) and then selected at random, proportional to size (random start, selecting 

every service that includes the jth student – the sampling interval). The first and fourth 

quartiles or IRSAD, within each stratum, are weighted greater than the middle quartiles 

in the proportions 35, 15, 15, 35.  The correction factor is therefore 0.25/0.35 for 

services in the first and fourth quartiles and 0.25/0.15 for services in the middle 

quartiles.  

&'" is a trimming factor to reduce the weights of services with very large values 

of $". Large values of $" occur when services with very small *+,", relative to other 

services within the stratum, are selected – they receive very large base weights because 

of their low probability of selection. To compensate for this, the mean value of *+,, 

:(*+,), within the stratum is calculated and services with *+," ≤ :(*+,)/1.5 

inherit a trimming factor equal to less than one to reduce their influence on parameter 

estimates. Services with *+," > :(*+,)/1.5 inherit a trimming factor equal to one. 

                                                
15 Note, these values are obfuscated by a function that adds random noise to the 

weight by drawing a value from a distribution (N(0, 0.1)) for each case. 
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The trimming factor is the ratio of the $"ʹ (the service base weight with :(*+,) 
replacing *+,". The trimming factor can therefore never be greater than one. Fifteen 

per cent of services in the sampling frame receive a value for the trimming factor not 

equal to one. The formula for &'" is given in Equation 4 and Equation 5. 
Equation 4. Calculation of service weight prime for services with small measure of size. 

$"ʹ =
()& *+,

)
M(*+,) $ℎ/0/	*+,"	 ≤ :(*+,)/1.5	/2,/	$" 	

Equation 5. Function for service trimming factor. 

&'" = 	
$"ʹ
$"
	

 

When calculated, the mean service weight in the achieved sample is 16.28 (SD = 

15.59, min = 0.77, max = 72.62). The distribution of service weights in illustrated in 

Figure 3. 
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Figure 3. Distribution of Service Weights 
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Table 8. Example influence of service weights on simple parameter estimates using 2010 Classroom Assessment Scoring System (CLASS) data. 

  n M SD Weighted M Weighted SD 
Emotional Support 258 5.14 0.91 5.12 0.92 
Classroom Organisation 258 4.60 0.91 4.62 0.90 
Instructional Support 258 2.36 0.96 2.39 0.93 
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Child weights. The child weight can be interpreted as a proportional 

representation (that is, the weights do not sum to an estimate of the number of children 

in the population as they do for the service weights) of how many children each child 

selected in the sample represents in the population. The	weight	of	child	j	in	service	i	is	
denoted	!"# .	The	weight	is	the	product	of	a	within-service	child	base	weight,	a	
service	base	weight,	and	two	correction	factors	and	is	given	by	Equation 6.	

Equation 6 Child weight function. 

!"# = %&"#%'"(&"('" 	
 

Where %&"# is a within-service, child base weight that is the inverse of the 

probability of the child being selected from that service and is equal to one. This reflects 

that all children within a selected service were invited to participate in the study. All 

eligible children within a service ()) were selected as the target cluster size within that 

service (*), the inverse of the probability of selection for each child within each service 

is given by Equation 7. 
Equation 7. Child base weight function. 

1
, -./.0123* = 1	%ℎ.6.	, -./.0123* = *

) 7*8	* = )	

 

%'" is the service base weight described above (Equation 3) rescaled and 

attributed to each child within the service. In effect, this weights down children enrolled 

in large services relative to smaller services. Because large services are more likely to 

be selected, the children within them are over-represented in the sample, while at the 

same time children from smaller services are under-represented. Because all services 

were sampled in Mount Isa, and with them, all the children attending ECEC programs, 

%'" is equal to one for all children in Mount Isa16. The base weight is rescaled so that 

the sum of the base weights for selected children approximates the number of children 

within the stratum. The rescaling is done by multiplying the service base weight by a 

term equal to the number of children within the stratum, divided by the sum of service 

weights (attributed to each child) within the stratum. 

                                                
16 Note, these values are obfuscated by a function that adds random noise to the 

weight by drawing a value from a distribution (N(0, 0.1)) for each case. 
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(&" is a correction factor to account for the implicit oversampling of services in 

high and low SES communities. During sampling services are ordered by the SES of the 

community they operate in measured by the SEIFA IRSAD and then selected at 

random, proportional to size. The first and fourth quartiles or IRSAD, within each 

stratum, are weighted greater than the middle quartiles in the proportions 35, 15, 15, 35.  

The correction factor is therefore 0.25/0.35 for services in the first and fourth quartiles 

and 0.25/0.15 in the middle quartiles. 

('" is a non-response correction factor that is the proportion of the estimated 

number of children who attend the service, divided by the achieved sample size within 

the service. This increases the influence of children in services with lower-response 

rates who would otherwise be under-represented in the total sample. The child weight 

has a mean of 2.26 (SD = 1.9, min = 0.36, max = 11.27). The distribution of weights is 

illustrated in Figure 4. 
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Figure 4 Distribution of child weights. 

 

The weights have minimal impact on parameter estimates. As an example, using 

2010 WJIII data, the estimates given in Table 9 show that weighted means increase by 
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using 500 replications in the boot library of R (Canty & Ripley, 2014). 
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Table 9. Example influence of child weights on simple parameter estimates using 2010 Woodcock Johnson III (WJIII) data. 

  n M SD Weighted M Weighted SD 
Brief Intellectual Ability 2094 441.63 12.77 442.24 12.67 
Verbal Ability 2127 450.41 13.75 451.45 13.69 
Applied Problems 2115 394.83 26.78 396.72 25.97 
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Instrumentation and Data Linkage 
The E4Kids study included a wide suite of measurement instruments to capture 

key elements of ECEC program characteristics and children’s learning and 

development. To develop the models used in this thesis, there was a need to further 

supplement this with data linkage. Both public and private data sets were used. This 

section explains the major datasets used in the data linkage phase and then describes the 

measurement of key constructs in detail. Family SES, cognitive development, ECEC 

quality, and family background are described in this chapter. Smaller or peripheral 

instrumentation is described in the three subsequent chapters as necessary. 

Data linkage. Three main data sources were used to supplement the core 

E4Kids data set. State government licensing data and school entry data are private data 

sets provided by the partners of the study. The ABS data used is publically available 

and based on census data. 

State government ECEC licensing data. The State Governments of Victoria and 

Queensland provided ECEC licensing data to undertake the E4Kids study. Licensing 

data is population data and provides a list of every ECEC service within the states in 

which the study was conducted. While these data were initially used for sampling (see 

above) they were also used to conduct specific analysis within this thesis. The licensing 

data provided administrative and contextual evidence, including the location (GPS 

coordinates and street address), service type, licensed capacity, and service auspice 

(e.g., not/for-profit, school-managed). This facilitated both population level analyses 

regarding the availability of ECEC programs across the states of Victoria and 

Queensland, and data linkage on the E4Kids sample. Because there was 100 per cent 

concordance between the E4Kids data set and the state government licensing data (the 

government ID for each service was a part of the sampling process and therefore known 

to the study) this data linkage is of excellent quality and is complete. 

 School entry data. When children enter school in Victoria or Queensland, 

parents provide information to the school that is collated and retained by relevant 

statutory authorities (e.g., the Victorian Curriculum and Assessment Authority 

(VCAA). This evidence includes tracking data (which children attend which schools) as 

well as testing and demographic data. The E4Kids study links on data that includes 

school enrolment, attendance, grade (both A-E report card data and other testing, 
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including NAPLAN), and family demography. In this thesis, the school demography 

data are used, in part, to measure family SES. As part of the reporting process for 

NAPLAN data, a measure of socio economic advantage of the school is also reported by 

the Australian Curriculum Assessment and Reporting Authority (ACARA) to 

contextualise scores: the Index of Community Socio-educational Advantage (ICSEA). 

ICSEA data is used to calculate an individual student-level measure of SEA. The 

ICSEA data was linked on the E4Kids data in partnership with the statutory authorities 

in each state jurisdiction. The linked data provides self-report information relating to 

parent occupation, school education, and non-school education (e.g. tertiary education) 

for each participating parent (e.g., for one or two parents in the household). Data 

linkage was conducted in 2013, 2014, and 2015. In each year additional linkages were 

made as more children participating in the study entered school and were therefore 

found in the school entry data.  

The data matching procedure was a multi-stage probabilistic procedure. Where 

the child’s given and family names, date of birth, and sex all matched in both the 

E4Kids data set and the school entry data set a link was created between the school-

governed ID and the E4Kids study ID. All other records then proceed through a 

secondary stage of data matching where rules were applied, and using visual inspection. 

Where the following cases were met, a linkage was made between the two datasets: 

1. Gender, date of birth, and either given or family name is identical in 

both data sets and the non-matching name is a common contraction, or 

obvious misspelling (e.g., letters reversed in order). 

2. Gender, and both names are identical in both data sets and the non-

matching date of birth is within one character (e.g., day or month or 

year is different while the others match). 

3. Gender, date of birth, and either given or family name is identical in 

both data sets and the remaining non-matching name is found in the 

state record "middle name" field. 

4. Gender, date of birth, and either given or family name is identical in 

both data sets and the remaining non-matching name is found as a 

hyphenated name is any name field. 
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All remanning non-matched records were flagged as unmatched and no linkage was 

made. All records went through the re-matching process in each year of the study. 

Duplicate cases were handled manually to maximise the matching of data. 

In 2014, there were 1479 matched cases (59 per cent). The matching rate for 

2015 was not available at time of writing. There are several sources of missing linkage. 

By 2014 a small proportion of children will not have started school (<5 per cent), a 

number of children moved outside Victoria or Queensland (beyond the scope of the 

linkage), there is also some uncertainty in the quality of the data linkage between 

E4Kids and the non-government school sector as their ID system is not designed to 

facilitate this process. 

Australian Bureau of Statistics data. The Australian Bureau of Statistics (ABS) 

is an Australian statutory authority that collects and disseminates a wide range of 

population- and sample-based surveys on economic and social matters – including the 

national census. ABS data are used to provide community context at the local area level. 

The ABS publish the Australian Standard Geographical Classification (ASGC) that 

represents the geography and population distribution of Australia (Australian Bureau of 

Statistics, 2011a). The ASGC also provide a number of concordances with non-ASGC 

measures of geography.  

The ABS data includes the Estimated Resident Population (ERP) of children 

who live in each Postal Area (POA) by year of age (Australian Bureau of Statistics, 

2013) and the estimated SES of the POA, given by the Socio-Economic Indexes for 

Areas (SEIFA) (Australian Bureau of Statistics, 2011b). Both these indicators are 

derived from census data, though the ERP is updated between census years with sample 

data. The ERP is an official estimate of the Australian population living in their usual 

residence (the address a person has lived or intends to live for six months or more). The 

SEIFA is a rank measure of the relative socio-economic advantage and disadvantage of 

an area based on census data (Pink, 2008). 

The Postal Area (POA) is used as a measure of the local neighbourhood. This is 

a useful local area measure at it is closely related to (in fact an approximation of) 

Australian postcodes which are used to sub-set suburbs. Postcodes and suburbs are 

highly salient and present in all the government data sets used above, and in the E4Kids 

achieved sampling frame. ABS data, joined on E4Kids data at the POA level, therefore, 
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provides community information about the local areas in which families live and ECEC 

programs operate. There is a very high concordance between POAs and postcodes used 

in the E4Kids study. Published concordance files show more than 95 per cent agreement 

between the postcodes and POA data (e.g., the definitions of geographical units have 

not changed greatly between 2009 and 2013 (the source years of the data sets being 

linked) in the areas in which the study was conducted (Australian Bureau of Statistics, 

2007, 2011a). Because postcode data are in the E4Kids sampling frame and has very 

high concordance with the POA-level ABS data, there is linkage for all records in the 

E4Kids data set.  

Instrumentation. For the purposes of conducing the analysis in this thesis, 

several standard measures were used. New measurement development was also 

undertaken, where necessary, to develop reliable and valid measures of the key 

constructs that makeup the empirical strategy (outlined in the previous chapter). This 

section describes the key instruments used to measure SES, cognitive ability, and ECEC 

quality – the key thematic elements of this thesis. Also introduced are measures where 

substantial new measurement work has been undertaken. In the three chapters that 

follow this one, there are detailed method sections that provide further information, 

including instrumentation or measures used as covariates or to control for selection 

(e.g., child traits like gender and age). 

Family SES. The measure of SES used here is developed based on best practice 

in measuring family SES background traits in educational research. A prominent 

measure is the PISA index of economic, social and cultural status (ESCS) (Organisation 

for Economic Co-operation and Development, 2014a). The ESCS has developed over 

time and has in the past included as few as three indicators (highest parental education, 

highest parental occupation, and number of home possessions). In 2012 the measure 

also included an explicit measure of the number of books in the home. The ESCS 

measures both traditional aspects of SES (occupation, education, and income/wealth) as 

well as aspects of the home environment (e.g., number of books). These aspects are all 

measured in the studies presented in this thesis, however, aspects of the home 

environment are seen as conceptually distinct and part of the home learning 

environment. 
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The specific measure of family SES used in this thesis is adapted from the 

methods used internally at the Australian Curriculum Assessment and Reporting 

Authority (ACARA). The measure used at ACARA is an individual-adaption of their 

publically available school-level measure, the Index of Community Socio-Educational 

Advantage (ICSEA) (Australian Curriculum Assessment and Reporting Authority, 

2014). The individual measure internally at ACARA is called the index of Socio 

Economic Advanatage (SEA).  

The methodology to recreate the SEA index in this study was provided by 

personal communication with ACARA (Adams, personal communication, 5 October 

2013). The SEA index is made up of parent-response data in the linked school entry 

data (see above). At school entry, parents respond to up to six ordered categorical items 

(three items per parent, with up to two parents responses recorded within each 

household):  

1. Highest completed school education  

a. Not stated/unknown 

b. Year 9 or equivalent or below 

c. Year 10 or equivalent  

d. Year 11 or equivalent  

e. Year 12 or equivalent 

2.  Highest completed non-school education 

a.  Not stated/unknown 

b. No non-school qualification 

c. Certificate I to IV vocational certificate (incl. trade certificate) 

d. Advanced diploma/diploma, bachelor degree or above 

3. Current occupational status  

a. Unknown;  

b. Not employed 

c. Machine operators, hospitality staff, assistants, labourers and related 

workers 

d. Tradesmen/women, clerks and skilled office, sales and service staff 

e. Other business managers, arts/media/sportspersons and associate 

professionals 
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f. Senior management in large business organisation, government 

admin and defence, and qualified professionals 

Each of these indicators load freely on a latent SEA variable with variance 

constrained to one. Five sets of Plausible Values (PVs) are drawn using the Bayes 

estimator in Mplus version 7.1 (Muthén & Muthén, 1998-2012; Von Davier, Gonzalez, 

& Mislevy, 2009). The mean of the (upper or lower) diagonal of the 5 x 5 inter-

correlations matrix of the five imputed sets of PVs is used as an estimate of the 

reliability of the measure of SEA. The reliability is equal to 0.81. The distribution of the 

first set of PVs is given in Figure 5. 

 
Figure 5. Histogram of derived values (Plausible Values) for the measure of family 

socioeconomic status measured by socioeconomic advantage (SEA). 

A notably absent aspect of family SES in the SEA index is income. Typical 

measures of SES include income, occupation, and education (Willms & Shields, 1996). 

To supplement the SEA measure, an ordinal scale of annual family income is used from 
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the E4Kids data set. Household income is relatively (as opposed to absolutely) stable 

over time. Rank-order correlations (ρ) between years range from 0.85 (2010 with 2011, 

p < 0.001) to 0.86 (2011 with 2012, p < 0.001). The empirical distributions of 

household income are given in Figure 6 – note that the reduced size of the empirical 

distribution over the three years is related to lower response rate and not a shift in 

incomes.  

 
Figure 6. Empirical distributions of household income in the E4Kids study. 

This measure of household income is rescaled to control for family composition: 

single or parent household and the number of children in the household. The mean of 

the income category for each family is divided by the adjusted Henderson poverty 

threshold for a family of that composition. The adjusted Henderson poverty thresholds 

are published quarterly by the Melbourne Institute of Applied Economic and Social 
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Research and are based on ABS estimates of Austrlian incomes (2010). In controlling 

for family composition a measure of income relative to need is created. Such a measure 

is consistent with approaches used in other large-scale research to account for the 

influence of family context on children’s learning and development (e.g., National 

Institute of Child Health and Human Development Early Child Care Research Network, 

2003). It is important to note that because the E4Kids household income measure is 

before tax while the poverty thresholds are reported after tax, the scale is not 

interpretable at an absolute level, but rather represents an estimate of family income as a 

factor of the (pre-tax) poverty threshold for a family of that composition. Because of the 

high correlation of household income between years and the greater response in the 

E4Kids study in 2010, the measure of income relative to need is calculated for 2010 

only. The empirical distribution is given in Figure 7 and shows that despite the 

differences in the denominator and numerator, there are 16 per cent of families who 

have a before-tax income less than the after tax poverty threshold for a family of their 

composition (values less than one in Figure 7). 
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Figure 7. Histogram of household income relative to need in the E4Kids study year 2010. 

Community level SES, at the local area level, is measured using the SEIFA 

IRSAD. The indexes that make up the SEIFA are all population level data drawn from 

census data and are therefore highly reliable. As mentioned above, data from the ABS is 

used in this thesis at the POA level. SEIFA IRSAD, in this thesis, therefore describes 

the POA-level SES of the area. The SEIFA IRSAD index is a weighted sum composite 

where the weights are given by the item loading from a principal components analysis 

(PCA). Table 10 lists a number of example items from the IRSAD (there are 25 items in 

the index in total) (Australian Bureau of Statistics, 2011b).  
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Table 10. Example of highest weighted items in the Socio-Economic Index for Areas 
(SEIFA) Index of Relative Socio-Economic Advantage and Disadvantage (IRSAD) 

Item  Description 

Low Income  Per cent People with stated annual household equivalised income 
between $1 and $20,799 (approx. 1st and 2nd deciles)  

No Internet Per cent Occupied private dwellings with no internet connection  

Low Education Per cent People aged 15 years and over whose highest level of 
education is Year 11 or lower.  

Labourers Per cent Employed people classified as 'labourers' 
Single Parent Per cent One parent families with dependent offspring only 
Unemployment Rate Per cent People (in the labour force) unemployed  

 

ECEC program quality. This thesis uses two standard measures of ECEC 

quality. The first instrument used is the CLASS: a measure of adult-child interactions. 

To supplement this, the ECERS-R is used to measure broader characteristics of ECEC 

programs including the daily schedule, physical materials, activities undertaken, and 

hygiene practices. These measures are commonly used in large-scale research and are 

two of the most common measures of ECEC quality (e.g., Burchinal et al., 2008; Hall et 

al., 2009). 

Classroom Assessment Scoring System. A key aim of the E4Kids study was to 

contribute to the measurement of ECEC quality. Special focus was given to analysing 

and reporting on the appropriateness of the CLASS as a measure in Australian contexts. 

This work included measurement and validation work on an improved methodology to 

calculate factor scores (which are hand-calculated in the standard procedure). This new 

work and the factor scores calculated have been used in this thesis in favour to orthodox 

scoring method. This section provides a brief summary of this measurement work and 

the characteristics of the calculated factor scores. 

In early analytic work, the E4Kids study identified a trend of CLASS scores 

declining over the repeated observations within the classroom that make up the standard 

procedure for using the instrument (Tayler, Ishimine, Thorpe, & Cloney, 2011). Further 

analysis demonstrated that this decline was typical of most, but not all classrooms 

(Cloney, Nguyen, Adams, Tayler, & Cleveland, 2015). The trajectory, within 

classroom, can be accounted for using variance components approaches. Using a 

multiple indicator linear growth modelling (LGM) two CLASS growth factors are 

produced for each traditional latent factor (e.g., Instructional Support): one representing 

the level of quality between classrooms (intercept), and the other the variability (or rate 
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of changing) in quality within classrooms (slope). The LGM model is specified under 

the assumption of measurement invariance over the observed cycles. The three factors 

of CLASS are modelled simultaneously, with correlations between slopes and between 

intercepts modelled, however correlations between intercepts and slopes are only 

modelled within factor (e.g., the correlation between the slope for Emotional Support 

and the intercept for Classroom Organisation is constrained to 0). The model is 

estimated using pairwise present WLSMV(Muthén & Muthén, 1998-2012), with robust 

standard errors to account for the clustering of classroom observations within services. 

In the multiple indicator LGM model, the first indicator loading for each factor is 

constrained to 1 (e.g. Positive Climate in the Emotional Support factor). Subsequent 

indicator factor loadings are freely estimated, but constrained to equality over cycles 

(e.g., Negative Climate, Teacher Sensitivity, Regard for Student Perspectives in the 

Emotional Support factor)). The full write up of this procedure can be found in the 

manuscript contained in Appendix B that is currently under review. 

This approach adds new information about the trajectory of ECEC quality over 

the period of the observation and produces improved measurement properties (better 

model fit, lower correlations amongst the three latent factors, improved scale 

reliability). The mean of the slopes (growth factors) are negative and significant. This 

indicates that, on average, scores on Emotional Support, Classroom Organisation and 

Instructional Support decline over 6 cycles. There are no significant correlations among 

the slopes of the three factors. This indicates that while, on average, CLASS scores 

decrease over repeated cycles, they do not do so uniformly: larger or smaller declines in 

one factor are not related with similar magnitude changes in other factors. Conversely, 

there are significant, positive and low correlations (between 0.21 and 0.37) between the 

intercepts growth factors: scoring high or low on one factor is related to scoring high or 

low, respectively, on another. This is significantly smaller than the correlations between 

factors in the orthodox model; a significant criticism of the measure in the literature 

(Hamre, Hatfield, Pianta, & Jamil, 2014). The model fit is adequate (e.g., RMSEA = 

0.056 (0.055, 0.057 90%CI) and comparably better than in the orthodox CFA models 

presented in the instrument manual (Pianta et al., 2008) and other studies (Pakarinen et 

al., 2010) which commonly report RMSEA in the 0.15+ range. The mean of the (upper 

or lower) diagonal of the 5 x 5 inter-correlations matrix of the five imputed sets of PVs 
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is used as an estimate of the reliability of the newly calculated scale scores. The 

reliabilities of Emotional Support, Classroom Organisation, and Instructional Support 

are equal to 0.87, 0.85, and 0.89 respectively. (Cloney, Nguyen, Adams, Tayler, 

Cleveland, et al., 2015). 

To aid in the comparability of the results to other studies, the CLASS data are 

presented in two separate ways. The first way relates to descriptive statistics: they are 

reported using the traditional scoring method (see Pianta et al., 2008) so that data are 

comparable to other research. That is, factor scores are the averages of repeated 

observations within classrooms and fall between one and seven. The second way that 

data are presented relates to inferential statistics and models. Plausible values (PVs) 

(Adams & Wu, 2007; Mislevy) of the between-classroom latent growth factors from the 

LGM are used in the modelling and the parameter estimates are reported as 

(conditional) effect sizes. This approach takes advantage of the improved psychometric 

properties of the LGM model (accounting for within-classroom variation in raw CLASS 

data). The downside is that the scores are not on a familiar scale (e.g., that are used in 

other studies) and so raw values (as opposed to standard deviations or effect sizes) 

would be hard to interpret. 

Early Childhood Environment Rating Scale - Revised. The ECERS-R measures 

several aspects of the ECEC environment including the developmental appropriateness 

of classroom practices, activities, materials, and daily schedule. In the E4Kids study, 

three subscales were selected to cover explicit areas of the ECEC program content not 

captured by the CLASS. Subsets of the ECERS-R have been used in previous studies 

and demonstrated to be correlated with the full measure and to be reliable (internally 

consistent) (Peisner-Feinberg et al., 2001). The subscales used were Space and 

Furnishings, Personal Care Routines and Activities. Each subscale is made up of a 

number of items scored on a one to seven scale on a threshold basis. Thresholds are 

assessed for scores of one (inadequate), three (minimal), five (good), and 7 (excellent) 

so that, for example, a classroom cannot score a five unless they meet all conditions to 

score one and three. A classroom receives a score between the threshold scores (two, 

four, six) when it meets all of the criteria for the lower threshold, and only some of the 

criteria for the higher threshold (Harms et al., 1998). 



 132 

The ECERS-R has been validated in a number of international studies showing 

robust internal consistency including Chronbach alpha values greater than 0.9 and inter-

rater reliability between 0.8 and 0.9 (Peisner-Feinberg et al., 2001). The Validity of the 

ECERS-R is more contentious with recent evidence suggesting that while model fit for 

the seven factor model published in the instrument manual is adequate (RMSEA = 

0.044), the inter-correlations amongst the factors are high (r > 0.7) (Gordon, Fujimoto, 

Kaestner, Korenman, & Abner, 2013). In assessments of criterion validity, the ECERS-

R predicts children’s emotional regulation that is conceptually consistent with a 

measure of program structure, content and materials. The measure is also correlated 

with teachers’ self-rating of quality (Gordon et al., 2013). 

ECEC program dosage. This thesis also includes measures of the time children 

spend in ECEC programs. The E4Kids study took detailed inventories of the number of 

hours and days children spent in different kind of ECEC programs. Specific measures 

used in this thesis detail the number of hours children spend in all forms of ECEC 

programs, including the ECEC program in which they are observed (e.g., that the 

CLASS and ECERS-R scores are associated with. Full details of this measurement can 

be found in Gilley, Niklas, Tayler, & Cloney (2015). 

Children’s cognitive development. Several aspects of children’s cognitive 

development are measured in this thesis. Using the CHC theoretical model, thee key 

aspects are targeted: general intelligence, verbal ability, and early quantitative 

(mathematical) ability. The constructs are linked to children’s later scholastic 

achievement. Measures were sourced from the WJIII. The WJIII is a commonly used 

instrument in the US that has been deployed within a number of studies in the ECEC 

sector (Burchinal et al., 2008; Gormley et al., 2005; National Institute of Child Health 

and Human Development Early Child Care Research Network, 2003). This thesis uses 

three measures yielded from four subtests: Brief Intellectual Ability, Verbal Ability, and 

Applied Problems. Importantly, the tests were selected on the basis of correspondence 

and recommendations from one of the instrument authors giving specific focus to 

opportunities to build on the use of the instrument with young children to date 

(McGrew, 2010). 

WJIII Brief Intellectual Ability. The Brief Intellectual Ability (BIA) scale is a 

cognitive performance cluster made up of the subtests Verbal Comprehension (CHC 
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broad ability of comprehension knowledge), Concept Formation (CHC broad ability of 

fluid reasoning), and Visual Matching (CHC broad ability of processing speed). These 

subtests are explicitly identified by the authors of the instrument to be developmentally 

appropriate for children as young as two years of age. BIA is a measure of general 

cognitive ability, analogous to IQ or the g factor in the three-stratum model of 

cognition. It is widely used in research as a short form intelligence battery (Mather & 

Woodcock, 2001b). In the age-range of three to four years, it has a high reliability (rcc > 

0.917). Construct validity, as measured by agreement with other tests is also high, with 

correlation with the Differential Ability Scales (DAS) measure of General Conceptual 

Ability of 0.7 (McGrew & Woodcock, 2001). 

Verbal Ability. The Verbal Ability (VA) cluster is made up of the four subtests 

of the Verbal Comprehension test: Picture Vocabulary, Synonyms, Antonyms, and 

Verbal Analogies. VA captures both spoken and receptive language and is predictive of 

oral language ability as well as academic performance (Mather & Woodcock, 2001b). 

In the age-range of two to four years, it has a high reliability (rcc ranges between 0.88 

and 0.93). Construct validity, as measured by agreement with other tests is also high, 

with correlation with the Wechsler Intelligence Scale for Children III Verbal 

Comprehension scale equal to 0.78 and the DAS measure of Verbal Ability of 0.69 

(McGrew & Woodcock, 2001).  

WJIII Applied Problems. The WJIII Achievement test, Applied Problems (AP) 

is a stand-alone sub test. AP was selected because it was the sole tests in the Broad 

Maths cluster of the WJIII identified by the instrument authors as age-appropriate for 

children ages two and three years. AP measures the CHC brad ability of quantitative 

knowledge and assesses mathematical operations and the ability to process information 

(including erroneous information) to solve maths problems (Mather & Woodcock, 

2001a). In the age-range of two to four years, AP has a high reliability (rcc ranges 

between 0.92 and 0.94) (McGrew & Woodcock, 2001).  

 Home learning environment. The home learning environment (HLE) is a 

strong predictor of children’s literacy and numeracy outcomes (Manolitsis, Georgiou, & 

                                                
17 Where rcc is given by the ratio of true score variance to observed score 

variance and true score variance is estimated by the observed variance less the square of 
the standard error of measurement. 
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Tziraki, 2013). HLE also explains up to 50 per cent of the variation in cognitive ability 

attributed to SES gradients (Duncan & Brooks-Gunn, 2000). In large studies, however, 

there is little consistency or agreement on how to assess the HLE. A number of studies 

have created short-form inventories, though there is little agreement on the underlying 

structure of such measures. In the E4Kids study, a short form measure was developed, 

adapted from the Early Childhood Longitudinal Study (ECLS) (Gershoff, Aber, Raver, 

& Lennon, 2007). Using item response modeling (IRM) a two-factor model 

demonstrated optimal fit yielding measures of formal learning guided by parents (direct 

teaching), and informal learning that occurs during activities in and outside home 

(indirect learning). The (person) reliability of the two factors was 0.87 and 0.8 

respectively. Indirect teaching was positively associated with cognitive outcomes 

(conditioned on age, sex, and language spoken at home) (Niklas, Nguyen, Cloney, 

Tayler, & Adams, 2016). 

Other instrumentation. The studies presented in this thesis also used other 

instrumentation to account for key elements in the production of children’s cognitive 

outcomes. The importance of having a well-rationalised list of plausibly influential 

predictors is discussed in the next section. Each of the following chapters introduces the 

relevant additional measurement and the measurement properties to justify their 

selection.  

Analytic Approach 
In the previous chapter, the empirical framework was introduced (See Equation 

1) based on the theoretical perspective that learning and development is a combination 

of the children’s genetic traits plus their social and contextual environment. The inputs 

to children’s cognitive development are classified into the broad categories of: the child, 

family, home environment, ECEC outside the home, and community-level influences. 

In each of these categories are a number of indicators that are important predictors of 

cognitive development. This section addresses how the generalised empirical 

framework will be specified in this thesis to produce robust models that can estimate the 

effect of ECEC program on children’s cognitive development and the role that family 

and community SES play in realising this relationship. Two key elements of the analytic 

approach will be addressed. First, the concept of selection effects or selection bias in 

non-experimental designs is described, along with modelling strategies to plausibly 
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overcome the influence of selection. Secondly, the set of variables to be included in this 

thesis is justified by considering both the literature to date and the new contribution this 

thesis makes by including robust measures of community SES. 

Selection effects and modelling approaches. The core relationship considered 

is between children’s cognitive development (dependant variables) and ECEC programs 

(independent variables) conditioned on family and community SES (covariates). The 

sample design used is, however, non-experimental since the research sought to find the 

effects of everyday ECEC programs on children’s cognitive development. Children 

were not randomly allocated to different levels of ECEC quality and the level of quality 

within the classrooms was not manipulated or intervened upon. Instead, children were 

recruited in the ECEC programs their families had selected for them. The concept of 

selection bias was introduced in the previous chapter. In the following section, the 

specific methodological approaches used to account for selection bias are described. 

Non-random allocation to ECEC programs, or selection bias, is a 

methodological issue addressed in the three chapters that follow. Selection bias is of 

concern where an unobserved covariate is correlated with both the independent and 

dependant variables. Where selection bias is present, it is not possible to know with 

certainty that changes in cognitive ability are a function of changes in ECEC quality. In 

this thesis, two methodological approaches are used to account for selection. These 

approaches are part of a suite of approaches identified in Duncan and  Gibson-Davis 

(2006) – a review article reflecting on the substantial learned experience from the 

NICHD studies. The first approach is to include a comprehensive set of covariates in the 

model, the second is to look at change over time or longitudinal models. 

The first approach to account for selection used is to identify and include a 

comprehensive set of covariates to adequately explain the non-random allocation to 

ECEC programs and levels of children’s cognitive ability. That is, to measure all the 

significant influences driving the selection into ECEC programs and their influence on 

children’s outcomes. This approach is made easier by previous large studies that have: 

(1) identified variables of interest and included them in models, (2) innovated by 

including novel or new variables in subsequent studies, and (3) detailed the relative 

importance of these variables in published studies. This thesis builds on this by 

assessing new variables of interest at the community level (next chapter) - likely to 
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influence both family selection (e.g., availability of ECEC in the local area) and child 

outcomes (e.g., playing a role in producing quality). In previous studies, a relatively 

small number of control or covariate variables have been required to adequately account 

for selection: in the NICHD study a maximum of 11 control variables were used. The 

authors recommend, however, that where no issue of multicollinearity or convergence 

are evident, more (relative to fewer) control variables are preferred (Duncan & Gibson-

Davis, 2006). An example set of control variables is given in Table 11. The benefit of 

this approach is that simple cross-sectional models can be specified and therefore most 

statistical packages can produce results, and these are widely interpretable by the field. 

The down side of such an approach is that even a comprehensive list of variables is 

likely to be a subset of the true (unknown) list of selection variables. While researchers 

can use the experience of previous research and theory to select a comprehensive set of 

variables, there is a chance that some unknown, unobserved covariate will be 

confounded with any believed true relationship between ECEC programs and cognitive 

development. While some approaches are available for estimating the bounds of bias 

that is potentially unobserved in non-experimental designs, they are not commonly used 

nor available for more complex estimation procedures (Altonji, Elder, & Taber, 2005). 

 The second approach is to model change over time (e.g., children’s 

development trajectories). In Equation 1, the subscripts imply that the covariates within 

the vector CHILD, for example, are unchanging. That is, if the covariate is fixed and 

unchanging, then the difference in scores between two points in time is equal to zero. If 

the modelling approach is to explain the change in development between time zero and 

one, then some constant or unchanging covariates ‘difference-out’ to zero over the same 

time points. For example, gender, temperament, and ethnicity tend to be assumed to be 

unchanging constructs. This assumption means that over the time points in question, 

any fixed effects (within the child, in this case) difference out. If the covariate in 

question is a selection variable then its contribution to the model is zero. For example, 

where Equation 1 is re-written to predict child i’s development at time v - t (where v 

equals a point in time after t) the change in development (denoted Δ) is given by 

Equation 8. Note that these equations are heuristic only and represent the analytic 

approach used rather than being representations of the full mathematical specification. 

The change in the child’s development is estimated by the average level of growth 
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(Δ"#) plus the deviance contributed by the effect of the home and out-of home ECEC 

experiences. The child and family levels predictors are assumed constant and cancel 

out. 
Equation 8 

Δ$% = Δ"# + (#Δ)*+,% + (#Δ,-,-% + .% 
 

The change model approach can be applied in more sophisticated modelling 

approaches. In a variance components paradigm, for example, variance can be 

partitioned at multiple levels (e.g., between time points within children, and between 

children). That is, for example, temperament can be estimated as a covariate on the 

relationship between ECEC on children’s development over time so that it is time-

invariant (fixed within the child) and varying between children. Where there are more 

than 2 time points under consideration, this equation can be further developed into the 

Linear Growth Modelling (LGM) framework to estimate the individual development 

trajectories. Equation 1 is expanded into Equation 9, Equation 10, and Equation 11 so 

that xt represents the time of the observation, η0 and η1 represent the growth factors for 

intercept (e.g., initial level of ability) and slope (e.g., rate of development) respectively, 

γ1 and γ2 represent the effects for the time dependant predictors, γ3 through γ6 represent 

the effect of the time invariant predictors on the growth factors that are fixed within-

children. Finally, eit, ζ0i and ζ0i are residuals that are normally distributed (ζ0i and ζ0i 

covary and eit is independent of both).  
Equation 9 

$%/ = 01% +	0#%3/ +	4#/,-,-%/ +	45/)*+,%/ + .%/ 
Equation 10 

01% = 	"1 +	46-)789% +	4:;<+% + =1% 
Equation 11 

0#% = "# +	4>-)789% +	4?;<+% + =#% 
The strength of such an approach is that any time-invariant selection effect is 

partitioned out at the within-child level. This reduces the number of covariates that 

introduce bias into the estimation. The downside is that increased complexity through 

multi-level specification increases the number of observations (at all levels of the 

model) required to produce estimates. In turn, standard errors are larger than if the data 
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is assumed to be single-level. It is worth noting, however, that as the E4Kids data is 

naturally multi-levelled (e.g., repeated observations of children, and clusters of children 

sampled within classrooms) such an approach is a more accurate explanation of the 

design. 

Other approaches to overcoming non-experimental designs to make plausibly 

causal estimates are possible. Twin or sibling designs are another adaptation of change 

or variance components designs, where selection variables are constant or unchanging 

within twins or families so that differences can be explained by a reduced set of possible 

explanatory variables (e.g. see Garces, Thomas, & Currie (2002)). Regression 

discontinuity designs (RDD) or instrumental variables (IV) are approaches that take 

advantage of exogenous allocation to treatment through external sources (e.g., policy 

change or enforced cut-offs) to make quasi-random allocation to treatment and to 

therefore overcome the possibility of selection effects introducing bias into the estimate 

of treatment of effect (e.g. see Hill, Waldfogel, & Brooks-Gunn (2002) and Gormley, 

Gayer, Phillips and Dawson (2005)). These approaches require specific conditions or 

designs that are not part of the E4Kids study – for example, the study was not designed 

to collect data on either side of the roll out of the NQS or ELYF and estimate the 

marginal effect of quality improvement (nor, perhaps was the rollout swift enough to 

provide a clear point of discontinuity). This thesis, therefore, limits itself to using a 

theoretically robust suite of control variables and change models to produce accurate 

estimates of the effect of ECEC program quality in everyday ECEC programs on 

children’s’ development. 

Justification of included variables. The variables selected for consideration in 

the study are grouped together according to the empirical framework: child cognitive 

outcomes, and child, family, home, ECEC, and community predictors. These are 

summarised in Table 11. The rationale for the variables comes under three broad 

categories. The first is major variables identified in studies of simular designs. These are 

primarily the large-scale longitudinal studies from the US. Of these, the NICHD is the 

most prominent (Duncan & Gibson-Davis, 2006; National Institute of Child Health and 

Human Development Early Child Care Research Network, 2003). This is covered 

above. The second is measurement specifically selected from the E4Kids study. Above, 

there is a rationale for the inclusion of measures of ECEC adult-child interaction 
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quality, the use of the WJIII to measure cognitive abilities, and the measurement work 

undertaken to capture family SES and the HLE. Lastly, this thesis offers innovation 

through the measurement of community level variables including the density or 

availability of the local ECEC market and the local neighbourhood SES. 
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Table 11. List of candidate variables for this thesis. 

Level Variable Name Instrument 

Child Cognitive Outcomes Verbal ability WJIII* 

	
Quantitative knowledge  WJIII* 

Child Gender Survey 

	
Child migration background Survey 

	
Emotional Symptoms SDQ# 

	
Conduct Disorders SDQ# 

	
Hyperactivity or inattention SDQ# 

	
Peer relationship problems SDQ# 

	
Pro social skills SDQ# 

	
Overall behavioural difficulties SDQ# 

	
General Intelligence (baseline) WJIII* 

	
Persistence (temperament) STSC± 

	
Approachability (temperament) STSC± 

	
Inflexibility (temperament) STSC± 

Family Family Socio Economic Status Index 

	
Household income relative to need Index 

	
Maternal depression K10^ 

	
Maternal migrant background Survey 

Home Indirect Learning HLE@ 

	
Direct Teaching HLE@ 

ECEC Emotional Support  CLASS+ 

	
Classroom Organisation  CLASS+ 

	
Instructional Support  CLASS+ 

	
Personal Care Routines  ECERS-R& 

	
Space and Furnishings  ECERS-R& 

	
Activities  ECERS-R& 

	
Hours per week observed in ECEC^ program Survey 

	
Child to Adult Ratio in ECEC^ program ECERS-R& 

	
Hours per week in Informal Care Survey 

	
Attendance at kindergarten program Survey 

Community SES SEIFA 
IRSAD~ 

  ECEC availability Licensing 
data 

* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

	# Strengths and Difficulties Questionnaire 

	± Short Temperament Scale for Children 

	^ Kessler Psychological Distress Scale 10 

	@ Home Learning Environment 

	+ Classroom Assessment Scoring System 

	& Early Childhood Environment Rating Scale - Revised 

	^ Early Childhood Education and Care Classrooms 

	~ Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage (IRSAD) 
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Human Ethics 
The original research conducted in this thesis was approved by the Melbourne 

Graduate School of Education Human Ethics Advisory Group (application ID 

1238255.1) and ratified by the University of Melbourne Humanities and Applied 

Sciences Human Ethics Sub-Committee. The ethics approval is a Project within 

Program approval. The research program this project is embedded within is the E4Kids 

study. The E4Kids study is a program (ethics approval ID 0932660) approved by the 

University of Melbourne Humanities and Applied Sciences Human Ethics Sub-

Committee. 

Conclusion 
This chapter has illustrated the study design utilised to produce the data set used 

in this thesis. The data set that has been achieved can be plausibly used to draw 

inference to the experience of children using ECEC programs in Australia. The sample 

is directly representative of children attending ECEC programs in Brisbane, Melbourne, 

Mount Isa, and Shepparton. The observational design allows questions to be answered 

about the role that everyday ECEC programs are playing in adding to the cognitive 

development of children from different SES backgrounds. Of particular interest is 

whether children from low SES backgrounds are having experiences in ECEC programs 

that would allow for the achievement gaps associated with SES to be reduced or even 

closed. Significant work has been invested in the design of high quality measurement to 

access the key constructs under investigation. Where possible, this study has linked on 

population level and other data sources to provide new insights into the area under 

question. The empirical strategy and the modelling approach can plausibly overcome 

the limitations of non-experimental designs by robustly accounting for selection effects 

to the standards seen in other high quality international studies. The modelling 

approaches are suited to the hierarchical data and can account for children’s 

development over the duration of the study. The set of covariates chosen are 

comparable to other international studies and some new covariates are selected as a 

point of innovation. Specifically this study looks at the availability of ECEC programs 

and the SES of the local area in which the family lives.  
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The three following chapters take the achieved data set and apply the analytic 

strategy described above to answer the three research aims. Each chapter is a stand-

alone manuscript. Any additional covariates used and the specific modelling undertaken 

in each manuscript is described in full. Following the three chapters detailing the thesis 

results there is an integrating discussion of the implications of the findings. 
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Chapter 4: Variations in the availability and quality of 

early childhood education and care by socioeconomic 

status of neighbourhoods (Study 1). 
This manuscript was accepted to the journal, Early Education and Development 

on 15 April 2015 (Cloney, Cleveland, Hattie, & Tayler, 2016). Earlier work included in 

this manuscript was presented at the American Educational Research Association 

(AERA) 2015 Annual Meeting: Toward Justice: Culture, Language, and Heritage in 

Education Research and Praxis (Cloney, Cleveland, Hattie, & Tayler, 2015), and the 

International Conference of the Australian Association for Research in Education 

(AARE) and the New Zealand Association for Research in Education (NZARE) 

(Cloney, Cleveland, Hattie, & Tayler, 2014). 

Abstract 
Research findings: This paper provides Australian evidence about the 

availability and quality of early childhood education and care (ECEC) services in low 

socio economic status (SES) neighbourhoods. There is less availability of ECEC in low 

SES areas in Australia and these programs provide lower average quality of care than in 

more advantaged neighbourhoods. Families tend to travel short distances to ECEC 

programs (median = 2.9km) and therefore families in low SES areas are limited in the 

programs they can choose or are faced with higher transport cost than families in more 

advantaged neighbourhoods. This study uses government licensing data of a population 

of 6,937 ECEC services together with a sample of 2,494 children enrolled in 421 ECEC 

classrooms. Practice or policy: Established measures of the local ECEC market tend to 

over-estimate its size and in turn the availability of ECEC. Measures of ECEC market 

density should be tested for sensitivity to reductions in size. SES gradients are observed 

within local ECEC markets meaning attempts to lift supply and quality in low SES 

areas require specific and targeted policy intervention. 
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Background 
There is considerable research evidence that early childhood education and care 

(ECEC) services have particularly strong positive effects on children from more 

disadvantaged and low-socio economic status (SES) backgrounds (Duncan & 

Sojourner, 2013; Schweinhart, 2005). In this context, it is a growing question as to why 

the contemporary expansion of ECEC services in many countries has not contributed to 

a narrowing of SES-related gaps in child outcomes (Havnes & Mogstad, 2015; Penn, 

2012). Socioeconomic gradients in cognitive and social outcomes appear to be either 

larger or unchanged (Reardon & Bischoff, 2011). 

This study contributes Australian evidence about one mechanism that may 

explain this – the availability and quality of ECEC in low SES areas. Families do not 

travel long distances to access regular ECEC services for their children; they purchase 

services within their own local areas. Families living in low-income neighbourhoods 

therefore may face reduced supply and lower quality ECEC that would imply that 

supply constraints might be systematic and should be a key consideration of ECEC 

policy. 

ECEC Programs, Children’s Development, and SES Factors. The early 

years of a child’s life matter greatly for their future development (Shonkoff, Phillips, & 

National Research Council and Institute of Medicine, 2000). Differences in the early 

experiences of children, however, mean that significant inequalities in child capacities 

emerge early, and these differences are correlated with measures of socioeconomic 

status or family income. This pattern is seen consistently in wealthy, English speaking 

countries including the US, UK, Canada, and Australia (Blanden, Katz, & Redmond, 

2012; Bradbury et al., 2012; Conti & Heckman, 2012; Feinstein, 2003). In turn, children 

who come from low SES backgrounds are at greater risk for poorer outcomes 

throughout the life course when compared to children from higher SES backgrounds 

because of differential inputs into their development (Brooks-Gunn & Duncan, 1997; 

Conti & Heckman, 2012). Some studies, particularly in the US, find that income-related 

inequality of outcomes amongst children has increased over the past 30 years (Corak, 

2013a; Organisation for Economic Co-operation and Development, 2011a; Reardon, 

2011). In the nearer-term, the relationship between SES measures and school 

achievement in Australia has at best stayed constant (Ainley & Gebhardt, 2013; 
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Organisation for Economic Co-operation and Development, 2013). What appears clear 

is that socioeconomic gradients are not diminishing over time. 

The magnitude of the association of family SES and children’s developmental 

outcomes is well established. Effect sizes for SES on school achievement, given by 

meta analysis of research conducted in developed English-speaking nations, range from 

0.50 to 0.66, which are quite substantial (Hattie, 2008). Similarly, effects are noted in 

the early years across multiple domains including academic achievement, verbal ability, 

intelligence, vocabulary and literacy (Bradley & Corwyn, 2002; Nicholson et al., 2012). 

These associations are persistent in the medium to long term, with low income during 

childhood predicting adult outcomes including earnings, working hours, use of welfare 

(Duncan et al., 2010), and health (Conti & Heckman, 2012). 

It is less clear what the mechanisms are by which income affects children’s 

development. In the United States, Duncan and Brooks-Gunn (2000) identified six 

possible pathways: home environment, quality of child care received outside the home, 

perceived economic pressure/stress, parental mental health, parent-child relationships, 

and factors associated with the child’s neighbourhood of residence. This study relates to 

two of these mechanisms: the quality of child care received outside the home and 

neighbourhood effects, particularly the neighbourhood-based supply of ECEC services. 

There is good reason to believe that ECEC services should be able to narrow 

socioeconomic differences in children’s development (Knudsen et al., 2006). Cunha and 

Heckman (2009) identify early intervention and prevention as the optimal strategy to 

ameliorate disadvantage caused by inequality of inputs. Many studies, mainly in the US, 

of either targeted or universal programs have found particularly strong positive effects 

on children from more disadvantaged and low SES backgrounds (see reviews of 

literature in Barnett, 2008; Burchinal et al., 2010; Camilli, Vargas, Ryan, & Barnett, 

2010; Carneiro & Heckman, 2005; Currie & Almond, 2011; and also findings by 

Gormley et al., 2005). In fact, there is some evidence that early childhood programs can 

decrease socioeconomic gradients very substantially across multiple international 

contexts (see Dumas & Lefranc, 2012, for analysis of the impacts of a universal early 

childhood education program in France; Duncan & Sojourner, 2013, based on the Infant 

Health and Development Program in the U.S.; Havnes & Mogstad, 2015, for analysis of 

the effects of a universal ECEC program in Norway). 
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Higher quality interventions have been shown to produce the greatest benefits 

(Burchinal et al., 2010; Mashburn et al., 2008). Effect sizes for high quality classrooms 

are markedly higher for those rated moderate to high quality, relative to low quality 

classrooms, indicating thresholds or non-linear relationships. For example, the effect for 

Instructional Support (a measure from the Classroom Assessment Scoring System – 

described in the Method section) on expressive language is d = 0.23 in moderate to high 

quality classrooms (those scoring 3.25 or greater) and d = 0.08 for low quality 

classrooms in pre-K programs in six US states (Burchinal et al., 2010). Exposure to 

similar high quality ECEC programs has also been shown to reduce the achievement 

gap between advantaged and less advantaged children (Duncan & Sojourner, 2013; 

McCartney, Dearing, Taylor, & Bub, 2007). The quality of ECEC programs is therefore 

a key intervening variable in the extent to which programs can influence children’s 

learning and development and ameliorate the risks associated with coming from a low 

SES background (Pungello et al., 2010). 

 The Australian ECEC Market. Evidence like this has been influential 

in many countries in encouraging governments to spend more on ECEC and to expand 

participation (Organisation for Economic Co-operation and Development, 2006). In 

Australia, for instance, total (real) government expenditure on ECEC increased by 62.7 

per cent between 2007-08 and 2011-12: the majority (79 per cent) of this represents 

Federal Government investment in subsidy (Steering Committee for the Review of 

Government Service Provision, 2013). At the time our data were collected in 2011, 

there were two major subsidies: Child Care Benefit (CCB) and Child Care Rebate 

(CCR) and government spending is about equal on each (approximately $10 billion 

each, budgeted in the four years ending 2015-16). On a per-child basis, and in terms that 

are internationally comparable OECD estimates reported in 2007 US dollars value the 

CCB at US$121 per week, or over US$6,000 per year per child, for families with 

income below US$28,100 per year (Organisation for Economic Co-operation and 

Development, 2007). Note that CCB is income-tested and families earning more than 

US$28,100 receive reducing amounts of subsidy. CCR is not income-tested and covers 

up to 50 per cent of out-of-pocket approved child care costs (AUD $7 491 in 2011). 

CCB and CCR are available for approved child care, typically centre-based care 
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(described below). The implication is that a substantial proportion of the cost of long 

day care, especially for low-SES families, would be covered by public funds.  

The Australian ECEC market has historically been demarcated along two main 

forms of provision: child care and kindergarten. Approved child care (centre-based care 

is typically known as long day care while home-based care is typically known as family 

day care) is provided by for-profit, not-for-profit, school- and government-managed 

services with government subsidies available to families. Kindergarten is a universally 

provided (part-time, and generally sessional) and largely publicly funded preschool 

program provided to children in the year prior to school (around four years of age). 

Kindergarten programs may be offered in stand-alone premises typically provided by 

the not-for-profit sector or by long day care services. Recent regulatory changes bring 

both kindergarten and long day care together under a common policy framework that 

includes a specific education and development focus and a common quality assessment 

and rating system; however they are funded separately with stand-alone kindergarten 

programs funded by State Governments and families ineligible for CCB and CCR. 

Further description of the Australian ECEC market can be found in Brennan and Fenech 

(2014). There is early evidence that, despite the integrated, mixed market of ECEC 

programs, there are systematic differences between management types and modes of 

ECEC provision (Tayler et al., 2013). An important note about the nomenclature used in 

this paper: a service is considered to be the physical premises that ECEC is offered at, 

while a program or a classroom is a grouping of children within a service who receive 

ECEC: therefore, classrooms or programs can cluster together within services in the 

same way that classrooms cluster within schools. 

Kindergarten in Australia is similar to pre-kindergarten in the US – an 

education-focused ECEC program for children around the age of four that is provided 

commonly outside the school sector. Children in the first year of school in Australia 

(commonly called the preparatory year) are the equivalent age of children in 

kindergarten in the US. Despite this difference in nomenclature, children are 

participating in similar programs at similar ages. The US and Australian ECEC markets 

are similar, in that they are a mix of for-profit, not-for-profit, school, and government 

managed operators and families will typically pay fees with some subsidies available 

(Organisation for Economic Co-operation and Development, 2006; Watson, 2012). The 
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kinds of subsidies available are different, with Australia having a more universal fee-

subsidy system (e.g., CCB for child care) while the US is more targeted, focusing on 

vouchers, tax transfers, and specifically targeted programs (e.g., Head Start) (Witte & 

Trowbridge, 2005). Public investment in child care and pre-school in the US 

(approximately 0.4%) and Australia (approximately 0.6%) is below most OECD 

countries (Organisation for Economic Co-operation and Development, 2014b).  

Income Segregation and the Local ECEC Market. In spite of research 

evidence of the compensatory effects of ECEC programs, children from low SES 

backgrounds are still at risk of poorer outcomes; one reason is that families from low 

SES backgrounds do not use the same amount and kinds of ECEC as their more 

advantaged peers. This pattern is observed in Australia (Baxter & Hand, 2013). Families 

in low SES areas may have fewer ECEC programs available to them, be less able to pay 

for them, or less likely to use them (Bainbridge et al., 2005; Early & Burchinal, 2001; 

Liu & Anderson, 2012). 

Income inequality clusters geographically: both in the sense that low income 

families are over-represented in low income neighbourhoods and that low income 

neighbourhoods tend to border each other in the US (Small & Stark, 2005) and 

Australia (Wise & Mathews, 2011). Income segregation has increased in the US over 

the past 30 years (Taylor & Fry, 2012). There is less Australian evidence on income 

segregation; however, it also appears to be increasing (Gregory & Hunter, 1995) while 

taking a less prominent role in policy making (Baum, 2008). Currently, across Australia 

38 per cent of 15-64 year olds who live in the least advantaged areas (first quintile of 

the Socioeconomic Index for Areas (SEIFA) Index of Relative Socio-economic 

Advantage and Disadvantage (IRSAD) – described in the Method section) are from the 

least advantaged backgrounds (first-quintile of an individual-level derivation of 

IRSAD). Conversely, only seven per cent living in the least advantaged areas are 

individuals from the most advantaged backgrounds (fifth quintile) (Wise & Mathews, 

2011). 

High degrees of income segregation have been linked to more unequal outcomes 

between families – above and beyond what would be predicted based on income 

differences between families (Reardon & Bischoff, 2011). Income segregation 

exacerbates differences between people from poor versus not-poor backgrounds 
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(Mayer, 2002). One proposed mechanism for this effect is that families in lower SES 

communities experience less availability of social, health and education services 

(Leventhal & Brooks-Gunn, 2000). This resource-deprivation hypothesis has been 

observed for ECEC services in poor areas. It is not conclusively settled, however, how 

this pattern is produced or if it is always observed (Small & Stark, 2005). US data is 

mixed. Census data shows that the availability of centre-based care (especially full day 

care) is lower in low-SES neighbourhoods than in higher SES neighbourhoods (Queralt 

& Witte, 1998). More recent analysis in a case study based in New York, suggests a 

more nuanced pattern: specifically that for-profit services are less likely to operate in 

low SES neighbourhoods (Small & Stark, 2005). A significant gap of understanding 

remains without more recent empirical evidence to describe such segregation patterns in 

the availability of ECEC programs, and how management structure affects availability 

and quality of ECEC programs. 

 Income inequality, in turn, may, contribute to the availability of both the 

amount of ECEC at local level and its aggregate quality. Parents in low-SES 

neighbourhoods are less likely to be employed than those in high-SES neighbourhoods, 

therefore less likely to use ECEC to support employment, and/or to use it for fewer 

hours per week. This pattern is observed in both the US and Australia (Bainbridge et al., 

2005; Baxter & Hand, 2013; Harrison et al., 2010). This may lead to a reduced supply 

of local services for those families who do wish to access more ECEC in low-SES 

areas. Further, an aggregate differential in the ability to pay for high quality services 

may mean that higher quality tends to cluster in more affluent areas. Together, this 

influences the amount (e.g. number of places) of ECEC available and quality of the 

programs (Mayer, 2002). 

Families living in low-SES neighbourhoods could, of course, choose to rely on 

ECEC outside their immediate neighbourhood. However, the necessity to transport the 

child to and from the service each day means that transport costs are high, and higher 

the further that the service is from the child’s home. 

The ECEC market’s geographical size has not been much addressed as a 

relevant research problem. Gordon and Chase-Lansdale (2001) used varying geographic 

sizes in the US (from zip codes to counties as well as 30 mile radius around the home 

zip code) to estimate the local child care market available to families and found that it 
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varied according to ECEC type. Use of centre-based care was well predicted by 

availability in a 30-mile radius around the home zip code (using data based on 

children’s zip codes from the National Longitudinal Survey of Youth, 1979 Cohort). 

There is more nuanced empirical evidence about the size of local school markets in 

Australia: Jensen et al. (2013) define the market as the limit at which 95% of families 

travel to school (mean = 21.7km). However, they also indicate that more than half of 

families travel less than 5.6km to school, implying a long right-tail to the distribution 

and that schools are usually close to the family home. In this study, we analyse the 

typical distance that ECEC users travel in Australia to try and provide a more precise 

estimate of the local ECEC market. 

Specific types of ownership favour some neighbourhoods over others. Kahn and 

Kamerman (1987) suggest that in terms of ECEC, for-profit providers target locations 

near middle-class and higher residential areas with business centres as well as areas 

with higher employment. Penn (2012) suggests that for-profit ECEC providers may 

avoid location in low-SES neighbourhoods because part of the value of the business 

involves implicit speculation in the property market. For-profit operators that purchase 

child care properties are anticipating an increased real estate value; this may be less 

likely in low-SES neighbourhoods. These factors may lead to an undersupply, in mixed 

and private markets, in areas that are less well-off or not near key business districts 

unless not-for-profit or government providers intervene for social reasons. The 

implication is that ECEC services are less financially viable in low SES neighbourhoods 

(Office for Standards in Education Children's Services Skills, 2010). Dickens, Wollny 

and Ireland (2012) found supporting evidence, specifically in the UK, reporting that 

private operators are resistant to providing ECEC programs (in this case, expanding 

subsidised provision for 2 year old children) in areas where they could not attract 

affluent families. 

There is some literature to suggest that not-for-profit organisations can have an 

advantage in some markets because they are seen as more credible in producing quality 

output (Ben-Ner, 1994; Cleveland & Krashinsky, 2009). Evidence from National 

Institute of Child Health and Human Development Study of Early Child Care and 

Youth Development supports such a claim, with not-for-profit providers demonstrating 

higher structural (staff wages, qualifications and adult-child ratios) and process quality 
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(adult child interactions measured using the Observational Record of the Caregiving 

Environment) (Sosinsky, Lord, & Zigler, 2007). The combination of income 

segregation, constrained ECEC choices, and market processes could plausibly lead to 

unequal outcomes for children, if the quality of the programs provided in them varies 

systematically.  

Aims. This study, therefore, tests a neighbourhood-level resource deprivation 

hypothesis proposing that in low SES areas, there are likely to be fewer ECEC 

programs and that these will be, on average, of lower quality. This builds on the 

findings that call for more empirical study of the resource deprivation hypothesis, 

particularly on the role of the not-for-profit sector (Small & Stark, 2005). This study 

also extends the findings of Baxter and Hand (2013) who demonstrated that low SES 

families in Australia are less likely to participate in ECEC programs by introducing a 

measure of the supply of ECEC quality – an aspect identified as important but difficult 

to measure in their report. 

Formal licensed ECEC services rather than all out-of-home care experiences 

(e.g., informal care by unlicensed providers or relatives) are the focus of this study as 

they are most strongly associated with effects and policy initiatives to alleviate 

disadvantage (Loeb et al., 2007). Specifically, we look for the undersupply of for-profit 

providers that is suggested in the literature, and for the first time, we analyse the level of 

quality of ECEC programs in Australia to determine whether it varies with 

neighbourhood SES. 

As an important pre-condition of our analysis, the link between living in low 

SES areas and attending programs in low SES areas is tested. For the first time, this 

study presents empirical estimates of the size of the local ECEC market. Because of 

transport costs, it is hypothesised that families who live in low SES areas are most 

likely to attend services in low SES areas (hypothesis 1). Secondly, it is hypothesised 

that there will be less availability of ECEC programs in lower SES areas (hypothesis 2) 

building on earlier US findings (Queralt & Witte, 1998; Small & Stark, 2005). This is 

explored by determining the supply of places (capacity) from all formal ECEC 

programs available to children. This availability is then disaggregated by program type 

and management type to explore patterns identified by Small and Stark (2005) as 

potential covariates. Because Australia has a mixed ECEC market, including universally 
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available kindergarten for four year olds, it is expected there may be key differences in 

availability by type and management of service. This is tested, controlling for 

remoteness, the number of children, and the ECEC capacity in the local area. Finally, 

the availability of ECEC quality is tested. We hypothesise that the observed process 

quality of ECEC programs will be lower in low SES areas. Other key factors will also 

be explored simultaneously to control for other potential covariates relating to the type 

and structure of the program, ownership and management structure of the service, and 

the remoteness of the area (hypothesis 3) as identified in (Dickens et al., 2012; Sosinsky 

et al., 2007). 

Method 
Samples. This study utilises two data sets to answer the research questions. The 

first data set is comprised of 2011/12 State Government ECEC licensing data for the 

Australian states of Queensland and Victoria. This includes 6,937 ECEC services and 

represents the population of services available to families. These data were chosen as 

the longitudinal study described below had previously drawn a sample from this 

population to conduct further, in-depth data collection (see data set two). Also included 

in data set one is Australian Bureau of Statistics (ABS) data that provide information 

about the characteristics of the local area in which a service operates. When joining the 

ABS data for inclusion in data set one, concordance files provided by the ABS were 

used to confirm high agreement between data sets (e.g., the definitions of some 

geographical units are changed between years). All concordances are greater than 95 per 

cent confirming that linkages made are stable and on common geographical and spatial 

units (Australian Bureau of Statistics, 2011a). This data set is used to address 

hypothesis two. 

Data set two is drawn from a 5-year longitudinal study of ECEC program 

quality and efficacy following a cohort of 2,494 children. The study was designed to 

observe the effectiveness of everyday programs within metropolitan, regional and 

remote communities. Participants were recruited in 2010 from selected regions of the 

states of Queensland and Victoria in a two-stage cluster sampling approach where intact 

classrooms were recruited from randomly selected ECEC services that were chosen 

with probability proportional to size. Each services’ probability of selection was a 

function of its licensed capacity so that larger services have a greater probability to be 
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selected than smaller services. This means that the services sampled are more 

representative of the services attended by children in the population. Classrooms were 

selected where they included pre-K aged children (three and four) The data used in data 

set two are observations made in 2011 when most children were aged three to five: 

children vary in age between 24 and 80 months (mean = 54 months, SD = 7.27 months). 

For more information about the longitudinal study, see Tayler, Ishimine, Cloney, 

Cleveland, and Thorpe (2013). These data are used to address hypothesis one and three. 

To address hypothesis 3, this dataset is analysed at classroom-level, including 

observations of 235 stand-alone kindergarten classrooms, 144 long day care classrooms, 

and 83 kindergarten classrooms operating within long day care settings  

Measures. 

Neighbourhood SES. To measure neighbourhood SES, the Socioeconomic 

Index for Areas (SEIFA) Index of Relative Socio-economic Advantage and 

Disadvantage (IRSAD) is used at the postal area level (Australian Bureau of Statistics, 

2011b). The SEIFA-IRSAD is a composite of 21 indicators including measures of 

advantage and disadvantage. Higher ranked areas can be described as being both more 

advantaged and less disadvantaged than lower ranked areas. The IRSAD is typically 

collapsed into ordered categories based on quantiles rather than being used as a 

continuous indicator (Pink, 2008). Because IRSAD has variation we can assume there is 

true variation between neighbourhoods reflecting clustering of SES. For this study, SES 

(IRSAD) is reported as weighted quintiles: each level of the measure, ranging from one 

(low) to five (high), represents an approximately equal proportion of Australian children 

aged one to five (approximately 127,000 children in each quintile). The measure of SES 

is therefore a relative measure; as an example, those services observed in the first 

(lowest) category of SES are the services operating in the lowest SES neighbourhoods 

where 20 per cent of one to five year-old children live. Children aged one to five are 

used to weight the quintiles as they are the principal target market for ECEC services 

prior to school. The population of children by age is estimated using the ABS 2011 

Estimated Resident Population (ERP) by year of birth. It is important to note, that the 

measure of SES is at the area level and not all children and their families will have the 

same SES characteristics as the area. However, as the IRSAD is an aggregate measure 

of the individuals who live in the area, lower SES families are over-represented in lower 
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SES areas. Further, a measure of area remoteness is included as a key control variable to 

isolate the relationship of availability to SES, independent of dispersion. Remoteness is 

measured using the 2006 Accessibility/Remoteness Index of Australia (ARIA), 

Remoteness Area code (RA) (ordered categories form Major Cities (0) to Very Remote 

(4)).  

ECEC quality. To measure ECEC quality, the Pre-K version of the Classroom 

Assessment Scoring System (CLASS) is used (Pianta et al., 2008). CLASS measures 

aspects of the quality of ECEC environments based on the interactions between children 

and adults. This version of the CLASS focuses on educator-child interactions for 3-5 

year-olds and measures three underlying domains of interactions: Emotional Support 

(positive and negative climate, teacher sensitivity and regard for child perspectives), 

Classroom Organisation (behaviour management, productivity and the use of 

instructional learning formats or multiple modalities), and Instructional Support 

(concept development, quality of feedback and language modelling). Each domain is 

continuous with a range of one (low quality) to seven (high quality). Scores from three 

to five are considered medium level quality. Information on these three domains is 

gathered by making a minimum of four repeated 20-minute observations with respect to 

ten indicators rated on an ordinal scale one to seven. The rating on the indicators is 

based on rich descriptions of each level of each indicator in the instrument manual. 

Training was provided as per the manual using a registered trainer. Fieldworkers 

underwent initial reliability tests and drift-assessments over the period of time data were 

collected; inter-rater agreement, measured as directed in the instrument manual, was 

greater than 90 per cent indicating that the fieldworkers did not require remedial 

training (a cut-off of 87 per cent is given in Pianta et al. (2008, p96.). Estimates of scale 

reliability (alpha) are reported as ranging between 0.85-0.94 for Emotional Support, 

0.76-0.89 for Classroom Organisation, and 0.79-0.90 for Instructional Support across 

five US studies (Pianta et al., 2008). Estimates of scale reliabilities in this study are 

reported as 0.87, 0.85, and 0.89 respectively for this study (Cloney, Nguyen, Adams, 

Tayler, & Cleveland, 2015). 

Analytic Approach. 

Hypothesis one. We use the Google Matrix application programming interface 

(API), part of the Google Maps API Web Services (Google, 2014) to generate estimates 
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of the distance to commute by car to ECEC services. The API is utilised from R (R 

Core Team, 2016) using the RCurl (Lang, 2013) and RJSONIO (Lang, 2014) libraries. 

The returned URL is passed to a web browser for visual inspection for errors. All 

figures are produced using the ggplot2 library in R (Wickham, 2009). Estimates of the 

mid point and quartiles of the distance travelled by families to ECEC programs, and 

confidence intervals (CI) of the estimates, are given by non-parametric bootstrap using 

10 000 replications (CIs are given by bias-corrected and accelerated (BCa) bootstrap 

(Efron, 1987)). Rank-order associations between household and ECEC service SES are 

estimated using Spearman’s correlation coefficient.  

Hypothesis two. To measure the availability of ECEC services the sum of the 

capacity of programs within each quintile of SES is reported. The capacity of a program 

is the maximum number of children enrolled full-time who can attend each service at 

any time. This should be an accurate measure of the availability of full-time places; it is 

sourced from the regulatory framework in which all services must participate and 

capacity is tied to the physical size of each premises as well as the number and 

qualifications of staff employed. The quintiles are weighted proportionally to represent 

approximately equal numbers of children as a control for population density 

(approximately 127,000 children in each quintile). 

All statistics are reported at the service level. Because services may offer 

multiple programs within services, the main type of program delivered is reported. The 

service types reported are: long day care (centre-based child care), kindergarten 

(preschool), and occasional or limited-hours child care. Family day care is omitted from 

the analysis, as the available licensing data does not detail the capacity and location of 

individual carers’ homes. Chi square tests of goodness of fit are used to assess whether 

the differences between quintiles of neighbourhood-based SES are statistically 

significant. Note that where observed values fall below 5 in any cell, an exact (log 

likelihood ratio) test is used instead of a chi square test and the test statistic is denoted 

as G. 

Hypothesis three. Linear regression models (using the Maximum Likelihood 

estimator), with corrected (robust) standard errors to account for clustering of 

classrooms within services, are reported for each CLASS domain. The regressions test 

the relationship between the three CLASS domain scores and neighbourhood-based 
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SES while controlling simultaneously for relative remoteness, state and type of program 

and service. The corrected standard errors relax the assumption of the independently 

and identically distributed errors. 

Observations of quality are made at the classroom level. Each CLASS domain is 

predicted as a dependent variable in three regressions with common predictors. Because 

observations of classrooms are nested within ECEC services, and classroom type can 

vary within a service, both classroom and service type are collapsed into one variable to 

identify long day care classrooms, kindergarten classrooms operating in long day care 

services (a form of provision in Australia that is rapidly growing as a way to meet 

commitments to universal provision of preschool programs to four-year-old children), 

and stand-alone kindergarten classrooms. The reference category of this variable is set 

so that coefficients can be interpreted as the difference between long day care 

classrooms and each type of kindergarten program. Other key covariates are: 

neighbourhood-level SES, remoteness of area, and the state the program is based in. 

Models are estimated using maximum likelihood with robust standard errors estimated 

from the variance-covariance matrix given by the car package in R (Fox & Weisberg, 

2011). To specify a parsimonious model, all second order interactions are tested and 

omitted as non-significant in all three models. 

Results 
Hypothesis 1 – Relationship Between Home SES and Service SES. Figure 8 

shows that the distribution of distances travelled to ECEC programs is heavily right-

skewed. The median distance travelled to ECEC programs is 2.9km (95% CI 2.78, 

3.09). The mean distance travelled to ECEC programs is 5.14km (95% CI 4.87, 5.46). 

This mean is strongly influenced by the long tail and is close to the 75th centile, which is 

5.9km (95% CI 5.50, 6.27). At the outer limit, 95% of all distances are equal or less 

than 16.6km) (95% CI 16.05, 18.62). These values suggest that the observed ECEC 

market in which any family looks for child care is smaller than has been previously 

estimated or assumed. 
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Figure 8. Distribution of distances travelled to ECEC programs with 95% confidence 

interval of median shown. 
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Table 12 shows that between 64 and 81 per cent of the time, and nearly 73 per 

cent of the time in the lowest SES quintile, families attend services in the same quintile 

of SES as they live. There is a very high correlation between the SES of the area in 

which the family lives and the neighbourhood-SES of the service the child attends (rs = 

0.83, p < 0.001). Of the families who do not attend services in the same quintile of SES, 

55 per cent attend in the quintile immediately above or below. Only 10 per cent of 

families attend services in areas more than one quintile above or below the quintile in 

which they live. 
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Table 12. Agreement between SES of family’s residence location and ECEC service location 

  SES+ quintile 
  1 2 3 4 5 
Attended formal ECEC program in the 
same quintile as lived (%) 72.75 81.11 73.33 63.64 79.75 
+ Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage (IRSAD) 
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Hypothesis 2 – Availability of ECEC by SES. There are important differences 

in the availability of licensed ECEC according to neighbourhood SES. Table 13 shows 

that there is greater availability of all ECEC in the highest SES areas. The number of 

spaces per resident child increases from 0.35 in the first quintile of SES to 0.47 in the 

fifth. This pattern is the same for long day care by SES, and, in the case of kindergarten 

the highest provision is in the fifth then first quintile with lower availability in-between. 

Both the absolute number and the proportion of long day care services offering 

kindergarten programs also increases with SES. 
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Table 13. Distribution of children and major ECEC programs by SES. 

  SES+ quintile 
Characteristic  1st 2nd 3rd 4th 5th 

Resident children      
1-5 year olds 127 366 127 166 127 773 127 498 127 461 
4 year olds 25 900 25 486 25 754 25 582 25 923 

All licensed services ^ 
     count 963 930 876 935 1 116 

sum of licensed capacity 44 535 49 782 48 175 53 223 60 122 
capacity per resident child 1-5 years old 0.35 0.39 0.38 0.42 0.47 

Long Day Care services 
     count 468 517 516 593 624 

sum of licensed capacity 30 070 36 995 36 849 42 033 43 399 
capacity per resident child 1-5 years old 0.24 0.29 0.29 0.33 0.34 
Proportion of services that provide kindergarten programs (%) * 38 45 46 46 58 

Kindergarten services * 
     count 413 332 271 260 357 

sum of licensed capacity 12 606 10 639 9 166 9 116 13 534 
capacity per resident child 4 years old 0.49 0.42 0.36 0.36 0.52 

^ Excludes family day care as capacity data is not available 
     + Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage (IRSAD) 

 * Stand-alone kindergarten services operate on a typically sessional basis and are provided for children in the year prior to school.    
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The pattern of overall availability increasing with SES is illustrated in Figure 9. 

These patterns are statistically significant: the distribution of total ECEC availability by SES is non-

uniform: a chi square test of goodness of fit of the availability of ECEC programs distributed 

uniformly across quintiles of SES is statistically significant (!2 (4, N = 255 837) = 2 721.9, p < 

0.001). Post hoc analysis, corrected for multiple contrasts (α = 0.0125), shows that there is 

significantly less availability in the lowest quintile of SES and there is more availability than 

expected in the highest quintile. Within specific ECEC program types there is a similar pattern for 

long day care (!2 (4, N = 189 346) = 2 919.2, p < 0.001): post hoc analysis, corrected for multiple 

contrasts (α = 0.0125), shows that there is significantly less availability in the lowest quintile of 

SES and is more availability than expected in the fourth and fifth quintiles. Kindergarten shows a 

different significance pattern (!2 (4, N = 55 061) = 471.4, p < 0.001) with greater than expected 

supply in both the first and fifth quintiles. Occasional care (!2 (4, N = 11 430) = 1 456.8, p < 0.001) 

exhibits more than expected supply in the fifth quintile. 
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+ Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage 

(IRSAD). Note that each quintile is weighted to represent an equal number of children. 

Figure 9. Total ECEC availability disaggregated by neighbourhood SES and service type. 
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(G (4, N = 38.0) = 2.75, p = 0.60, ns). Within specific service types, there is only one 

significant example of unequal distribution of management type between quintiles of SES: 

government managed kindergartens (G (4, N = 88.3) = 10.4, p < 0.05). However, with a correction 

for multiple comparisons (α = 0.0125), no post hoc comparisons to the expected proportion are 

significant. 

Hypothesis 3 – Relationship Between Program Quality and SES. A description of the 

CLASS domain scores is given in Table 14. Of note is the relatively low mean and variance for 

Instructional Support. The average score for Instructional Support is considered low on the CLASS 

scale and the highest observed score is below the mid-point on the scale. 

 
Table 14. Description of CLASS domain scores 

CLASS# Domain n mean sd min max 
Emotional Support 462 5.46 0.73 2.6 7 
Classroom Organisation 462 4.93 0.81 2.39 6.94 
Instructional Support 462 2.05 0.63 1 4.46 
# Classroom Assessment Scoring System  

	 	 	 	 

There is a positive relationship between CLASS scores and neighbourhood SES of the service. This 

relationship is most pronounced for the Classroom Organisation and Instructional Support domains. 

This pattern can be seen in the bivariate space in Figure 10. Each box represents the middle 50 per 

cent of observations. The solid black line in each box indicates the median. The notches in each box 

(narrowing towards the median) represent the (approximate) 95 per cent confidence interval of the 

median. When comparing each box, there is strong evidence that the medians are significantly 

different (at the 0.05 level) when the notches do not overlap (Chambers, Cleveland, Kleiner, & 

Tukey, 1984). There is good evidence that in high SES areas, Instructional Support and Classroom 

Organisation are significantly higher than in low SES areas. The dotted lines (whiskers) extending 

out of each box represent the dispersion of the distribution of observations. Values outside this 

range are considered outliers and are indicated as circles on the plot (in this case, each circle 

represents one observation). For Emotional Support there are some observations relatively far 

below the median and for Instructional support some observations relatively far above the median. 

The number of outlier observations is low and not of concern for this analysis. 
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+ Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage 

(IRSAD). Note that each quintile is weighted to represent an equal number of children.  

Figure 10. Distribution of CLASS Domain scores by neighbourhood SES. 
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Regression results are given in Table 15. This analysis considers the relationship 

between quality and SES conditioned on other key attributes of the program, service, and local area. 

The intercept terms in the regression model again illustrate the disparity between the average score 

for Instructional Support (b = 1.51, SE = 0.09) and Emotional Support (b = 4.85, SE = 0.12) and 

Classroom Organisation (b = 4.9, SE = 0.15). In this case the intercept term represents the mean 

score while the control variables are held constant at zero (e.g., for long day care classrooms, in the 

first quintile of SES, in metropolitan areas…). There is a significant SES effect for all CLASS 

domains. In particular, classrooms in the lowest SES areas are consistently lower in Instructional 

Support quality than those in the most advantaged areas. There are significant differences between 

the lowest quintile (omitted category) and the fourth (e.g., on Emotional Support b = 0.29, t(420) = 

2.09, p < 0.05) and fifth quintiles (e.g., on Emotional Support b = 0.35, t(420) = 2.96, p < 0.01) in 

all CLASS domains. This effect is as large, or larger in magnitude than the effect of service or room 

type and is approximately equal to one half of a standard deviation of the distribution of each of the 

CLASS scores. This finding is true while controlling for the significant effect of being a stand-alone 

kindergarten classroom rather than a long day care classroom. The management type is also a 

significant predictor of Emotional Support and Classroom Organisation: for-profit providers 

demonstrate significantly lower levels of quality on these domains. There are main-effects for both 

area SES and management type on quality. In other words, all other predictors held constant, we 

find lower quality in the least advantaged areas and, in addition, we find lower quality in for-profit 

services. We do not find a significant interaction term for area SES and management type. We 

observe lowest quality in the lowest SES areas and within these areas we see proportionally lower 

Emotional Support and Classroom Organisation from for-profit services. The state (Victoria, 

Queensland) in which the service is located does not predict CLASS scores and there is a negative 

effect for more remote services for Instructional Support only.  
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Table 15. Maximum likelihood estimator (MLE) regression predicting CLASS domain scores. 

  Emotional Support Classroom Organisation Instructional Support 
  Estimate Std. Error   Estimate Std. Error   Estimate Std. Error   
Intercept 4.85 0.12 *** 4.19 0.15 *** 1.51 0.09 *** 
SES+  
(contrast is 1st quintile) 

             2nd quintile 0.15 0.13 
 

0.26 0.13 * 0.11 0.10 
     3rd quintile 0.16 0.13 

 
0.32 0.14 * 0.07 0.11 

     4th quintile 0.29 0.14 * 0.38 0.14 ** 0.26 0.11 * 
    5th quintile 0.35 0.12 ** 0.55 0.14 *** 0.23 0.09 ** 
Classroom type 
(contrast is long day 
care) 

             kindergarten in long 
day care 0.31 0.11 ** 0.27 0.12 * 0.14 0.09 

     kindergarten 0.48 0.11 *** 0.52 0.11 *** 0.28 0.09 ** 
Remoteness Area 
(contrast is Major Cities) 

             not Major Cities -0.17 0.12 
 

-0.18 0.12 
 

0.19 0.09 * 
State  
(contrast is Victoria) 

             Queensland 0.01 0.08 
 

-0.04 0.08 
 

0.04 0.07 
 Management type 

(contrast is for-profit) 
             not-for-profit 0.29 0.11 * 0.33 0.11 ** 0.13 0.19 

     non-gov. school-
managed 0.38 0.17 * 0.41 0.18 * 0.06 0.09 

     government-managed 0.21 0.13 . 0.24 0.13 . -0.03 0.10 
 

          
 

Adjusted R-squared:  0.17  Adjusted R-squared:  0.22 Adjusted R-squared:  0.10 
  F = 8.9 df = 11, 420,  p < 0.001 F = 11.84 df = 11, 420,  p < 0.001 F = 5.46 df = 11, 420,  p < 0.001 
+ Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage 
(IRSAD) 
Sig. codes:  ‘***’ < 0.001,  ‘**’ < 0.01,  ‘*’ < 0.05, '.' < 0.1 

      Robust standard errors are reported 
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The fitted models show only limited effects of clustering. A Breusch-Pagan test against 

heteroskedasticity is only significant for the Instructional Support model (F = 21.90, df = 1, 11, p < 

0.05) indicating that the adjusted (robust) standard errors, as reported, are only marginally different 

from regular ordinary least squares estimates. 

Discussion 
The results show broad support for a neighbourhood-based resource deprivation hypothesis. 

Families are shown to travel shorter than previously estimated distances to attend ECEC programs. 

The ECEC programs that families attend are typically in areas with similar SES characteristics to 

where they live (supporting hypothesis one). There are fewer ECEC programs available in low SES 

areas and this is primarily attributed to long day care services, no matter their management type 

(supporting hypothesis two) and, on average, programs in lower SES areas exhibit lower adult-child 

interaction quality as measured by the three CLASS domains (supporting hypothesis three). Long 

day care services, are the key source of the lower availability of ECEC in low SES areas: an 

important finding as long day care services represent more than two-thirds of all available ECEC 

spaces. These findings are consistent with previous findings in the United States related to the 

undersupply of ECEC services in low-SES areas. They do not, however, support the findings of 

Small and Stark (2005) that identified for-profit services as the source of undersupply. Instead, 

there is an equi-proportional distribution of management types across SES neighbourhoods in 

Australian ECEC services. 

This study further provides important empirical findings on the size of the local ECEC 

market. International research and Australian policy makers have previously made estimates of size 

of the ECEC market (e.g., a 30 mile radius around the family home (Gordon & Chase-Lansdale, 

2001)). However, given the observed empirical distribution, it is likely that these previous estimates 

are on the outer-bound of the true local market size. This is of significance in Australia where a 

Productivity Commission measure of market density has led to the conclusion that “in the vast 

majority of local childcare markets, parents have the ability to choose a long day care service that 

best meets their needs and preferences …(with) 75 per cent of centres (having) more than 10 

centres within a distance of 5 kilometres” (Productivity Commission, 2015, p. 369). This 

assumption of market size and sufficiency should be assessed further: is it sensitive to change with 

assumptions of smaller effective market size, and does it vary strongly with SES as reported in this 

study? It is likely, given the observed SES gradient for ECEC supply, that the least advantaged 

areas would be most affected by a reduction in the assumption of local market size. This has 

important implications for the likelihood of high-quality services operating in low SES areas: 

previous international studies (Cleveland & Krashinsky, 2009) have found that market thinness is a 
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barrier to the production of ECEC quality and under more conservative assumptions, it may be 

found that market thinness is a problem in low-SES areas in Australia. 

The observed relationship between SES and interaction quality is generalised across all 

program types. While there is a difference between program types (kindergarten programs tend to 

be higher quality) there is no interaction with SES. These findings cannot be explained away by 

remoteness or between-state differences. There is a pronounced and persistent effect for SES. 

Simultaneously, there is an effect for management type: within each quintile of SES, we see, that, 

on average for-profit services score lower on the CLASS measures of Emotional Support and 

Classroom Organisation. However, there is no such effect for the measure of Instructional Support. 

This is limited support for the idea that not-for-profit services have a competitive advantage in the 

production of some aspects of quality This has implications for the ability to simultaneously lift 

quality and expand availability in a mixed-market system. 

The findings in this study have implications for the families living in low SES areas. 

Families from low SES backgrounds are over-represented in low SES neighbourhoods and 

therefore experience lower availability of ECEC service most acutely. The findings relating to 

hypothesis three show that it is the upper 40 per cent of neighborhoods that have observations of 

higher quality ECEC programs (compared to the first 20 per cent of neighborhoods). Only 17 per 

cent of families from the most disadvantaged backgrounds (first decile of an individual measure of 

SES) live in these areas (Wise & Mathews, 2011). In effect, the majority of children from less 

advantaged backgrounds are less likely to experience the highest-quality ECEC programs, and these 

are associated with developmental gains. This limits the extent to which the current distribution of 

ECEC programs can succeed in narrowing the achievement gap between less advantaged children 

and the rest of the population. 

These effects also, in increasingly lower proportions, affect families from more advantaged 

backgrounds. Proportionally small numbers of more advantaged families experience these 

neighbourhood-level phenomena. This illustrates a potential neighbourhood-level mediator of the 

effect of ECEC on developmental outcomes for all children. That is, families in low SES areas may 

face higher transport costs or settle for sub-optimal ECEC arrangements when compared to 

otherwise identical families who live in more advantaged areas. 

The current political rhetoric around ECEC reform does not address an iniquitous 

availability of high-quality centre-based ECEC programs. Current policy for ECEC in Australia is 

focused on reducing the price of child care and providing flexibility of choice to families (e.g., 

providing subsidy for au pairs) in alignment with a review of the market undertaken by the 

Productivity Commission, an independent research arm of the Australian Government (see, Liberal 

Party of Australia, 2013; Productivity Commission, 2015). The recommendations of this review do 
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not identify locality-based issues of lower availability of high quality ECEC. Indeed suggested 

options, such as broadening subsidy to include more home-based options, rolling back changes in 

adult-child ratios, and reducing qualification requirements for staff may further reduce the level of 

quality produced in areas where supply is low. The suggested policy changes are troubling, 

particularly in view of the observed distribution of Instructional Support quality: Instructional 

Support is low for nearly all services suggesting there is a need to focus on both continually lifting 

the quality of all services, as well as dragging in the left-tail of the distribution to ameliorate the 

SES gradient for quality. To do this would require both system-wide reform and targeted local-level 

inputs. In-service professional development for educators may be used to lift Instructional Support 

as part of a targeted program. 

The Productivity Commission does address area-based issues of low availability in regional 

and remote areas. One recommendation is that temporary assistance be available to financially 

unviable services that operate in areas of small populations or where the number of local children 

fluctuates (Productivity Commission, 2015). Broadening this recommendation to include the 

availability of high quality ECEC (not simply availability of spaces) in low SES areas would be an 

example of a targeted initiative to overcome potential market barriers to producing both spaces and 

high quality ECEC programs in areas where it is less likely to occur. Such measures are supported 

by findings in the UK, that explicitly state that child care providers in disadvantaged areas are both 

more likely to experience financial difficulties and are more financially vulnerable than services 

operating in more advantaged areas (e.g., see Dickens et al., 2012). 

Limitations and Future Research. There are opportunities to expand the findings from this 

study to produce plausibly causal models that explain the underlying features of ECEC programs 

that produce quality within the context of the identified neighbourhood SES gradients. New work, 

conducted by the authors, is underway to unpack the specific inputs to interaction quality 

(Cleveland, Tayler, & Cloney, 2012; Tayler et al., 2015). Further work is required to understand the 

mechanism through which differences are produced. It is likely, for instance, that the observed 

higher quality of kindergarten programs is partly explained by the presence of a four-year trained 

teacher and a more homogenous age cohort in the classroom. However, these inputs into quality are 

not readily implemented across all programs, and clearly do not alleviate the observed geographical 

SES gradient. Identifying other inputs that are sensitive to lifting quality and applicable in all ECEC 

services is vital in any attempt to lift the quality of ECEC services, particularly in low SES areas. 

Opportunities to extend this work include considering neighbourhood effects in the specific 

context of children’s developmental outcomes. If children from low SES neighbourhoods 

experience a weaker relationship between attending ECEC programs and their associated 

developmental benefits, this would have important implications for policies aimed at lifting all 
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children’s developmental outcomes, as well as narrowing achievement gaps between children. The 

present study demonstrated that the great majority of families attended ECEC in areas that are 

similar in SES to the neighbourhoods in which they live. An interesting sub-group exists — around 

ten per cent — who travel outside their local area to attend ECEC programs in neighbourhoods of 

different SES. However, a variable missing from the study is the location of work of these families. 

It may be true to say that where families travel further distances for ECEC, they are travelling to 

and from work and in turn minimising travel in a way not observable in the current study. Further 

work will investigate whether this sub-group of families choose ECEC programs of higher quality, 

and if their children experience greater developmental outcomes 
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Chapter 5: Selection and Socio Economic Status: Who 
Experiences High-quality Early Childhood Education and Care 

(Study 2)? 
An adapted version of this manuscript relating to the Instructional Support domain of 

CLASS has been accepted to the Australasian Journal of Early Childhood Research Symposium 

(Cloney, Cleveland, Hattie, Tayler, & Adams, 2016), including publication in a special edition of 

Australasian Journal of Early Childhood (Cloney, Cleveland, Tayler, Hattie, & Adams, In Press). 

Earlier work included in this manuscript was presented at the International Conference of the 

Australian Association for Research in Education (AARE) and the New Zealand Association for 

Research in Education (NZARE) (Cloney & Adams, 2014). 

Abstract 
This study addresses the prevalence of high-quality early childhood education and care 

(ECEC) programs in the everyday market: this study produces estimates of the typical experience of 

children who attend ECEC programs. Of particular interest is the relationship between using high-

quality ECEC programs and family SES. This study analyses data from a sample of 2494 children 

enrolled in up to 1427 classrooms in 805 ECEC services over three years. Children enter the study 

at a mean age of 43 months (SD = 8 months). To measure classroom quality, the Classroom 

Assessment Scoring System (CLASS) and Early Childhood Environment Rating Scale - Revised 

(ECERS-R) are used. This study finds that on some measures there is a low prevalence of high-

quality programs available in the population. Fewer than one per cent of classrooms observed are in 

the high range of Instructional Support (CLASS) and six per cent are in the high range of Activities 

(ECERS-R). This study demonstrates that, on average, children from lower SES families attend 

lower quality programs than their more advantaged peers. Longitudinal modelling of children’s 

experiences of ECEC quality shows that children from lower SES backgrounds experience lower 

quality programs in the years farthest from school. By school entry children’s experiences of ECEC 

quality are approximately equal for all levels of family SES. There is a need to continually improve 

the quality of all ECEC programs to increase the prevalence and availability of high-quality ECEC 

programs. There is a particular need for quality increases in ECEC programs that include younger-

aged children (e.g., before kindergarten) from low SES backgrounds to narrow the observed 

differences in exposure to quality. Such changes are essential if ECEC programs are to deliver on 

their stated potential to contribute to children’s learning and development and to reduce 

achievement gaps attributed to family SES that persist through school and into adulthood.  
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High-quality early childhood education and care (ECEC) programs have the potential to 

narrow achievement gaps and reduce poverty (Cunha & Heckman, 2009; Duncan & Sojourner, 

2013; Ramey et al., 2000; Schweinhart, 2005). Governments in wealthy western nations explicitly 

state these goals in policy and in the regulatory and monitoring frameworks that support ECEC 

programs: there is a public good associated with participation in high-quality ECEC (Cunha & 

Heckman, 2009; Organisation for Economic Co-operation and Development, 2006).  

In Australia, participation in ECEC programs is neither universal nor an established right. 

Families, instead, make choices whether to participate in ECEC programs and, if participating, 

whether to invest in higher-quality ECEC programs for their children. These decisions are made 

under the constraints of local availability, capacity to pay, and competing preferences for time and 

income. In market-based ECEC systems, there are generally fewer ECEC programs available in 

low-income and less-advantaged neighbourhoods (Cloney, Cleveland, Hattie, & Tayler, 2016; 

Leventhal & Brooks-Gunn, 2000; Queralt & Witte, 1998; Small & Stark, 2005). In addition, less 

advantaged neighbourhoods tend to have lower quality ECEC programs (Cloney, Cleveland, Hattie, 

& Tayler, 2016; Hatfield, Lower, Cassidy, & Faldowski, 2015). As a result, it is presumed that 

children living in these areas may be more likely to attend lower quality programs. A major gap in 

the literature is that there is no current empirical evidence of the level of ECEC quality experienced 

by children over time and whether experiences of ECEC quality are related to SES. This is 

important because if children from low SES families experience systematically lower quality ECEC 

then it is unlikely that ECEC programs can act to narrow SES related achievement gaps.  

This study addresses this current gap by looking at selection of families into everyday 

ECEC programs in Australia. This study makes an innovative contribution to the knowledge about 

family selection into ECEC programs by looking at choices longitudinally over a three-year period. 

This study, particularly, looks at how family SES influences the allocation of children to ECEC 

program quality. This is of significance because ECEC programs are touted as being effective at 

ameliorating SES gradients observed in both short term, school-age, and life long outcomes 

(Duncan & Sojourner, 2013; Ramey et al., 2000; Schweinhart, 2005). This study addresses the 

problem of knowing whether everyday ECEC programs can deliver on their potential to narrow 

achievement gaps by providing a similar level of quality to all children, or even yet ensuring the 

most vulnerable children get access to the highest quality programs available in the market. 

The potential of high-quality ECEC programs. Experimental studies of ECEC 

interventions have established the existence of causal positive developmental effects across multiple 

developmental domains for vulnerable or at risk children (Ramey et al., 2000; Schweinhart, 2005). 

A recent application of one of these experimental designs implemented an Abecedarian-like 

intervention for children from low-income families. This program closed SES-related achievement 
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gaps in the short term and significantly reduce them in the medium term: an IQ difference at age 

two of 1.35 SD between low income and high income children was narrowed by 75 per cent and at 

age 5 the gap was closed. Age eight math and reading gaps were narrowed by between 80 and 90 

per cent (Duncan & Sojourner, 2013). These interventions are considered effective because of their 

high-quality: programs designed specifically to promote children’s developmental outcomes and 

implemented by highly trained staff under controlled conditions.  

These programs are considered to be so effective because of their high-quality: the programs 

were designed specifically to affect children’s developmental outcomes and were carefully 

implemented by educational and developmental experts under controlled conditions. Contemporary 

studies have also focused on quantifying ECEC quality to identity the key elements of ECEC 

programs that produce positive developmental effects. The general consensus is that while 

structural elements (e.g., the ratio of adults to children, the qualifications of staff, the physical 

environment) play a role in ECEC quality, it is the processes or interactions in classrooms (warmth 

or responsiveness of staff, the presence of “developmentally appropriate practices”, hygiene 

practices or the use of modalities or materials) that are most likely to cause changes in children’s 

developmental outcomes (Gormley, 2007; Ishimine, Tayler, & Thorpe, 2009). Two commonly used 

measures of ECEC quality (that are also used in this study) are the Early Childhood Rating Scale – 

Revised (ECERS-R) (Harms et al., 1998; Sylva, Siraj-Blatchford, & Taggart, 2010) and the 

Classroom Assessment Scoring System (CLASS) (Pianta et al., 2008). Both these measures have 

been found to be predictors of children’s learning (Sabol et al., 2013).  

ECEC program quality is multidimensional. The CLASS, for example measures three 

aspects of adult-child interactions: Emotional Support (positive and negative climate, teacher 

sensitivity and regard for child perspectives), Classroom Organisation (behaviour management, 

productivity and the use of instructional learning formats or multiple modalities), and Instructional 

Support (concept development, quality of feedback and language modelling) (the measures used in 

this study are detailed in the method section). Different aspects of ECEC program quality form a 

causal nexus with specific developmental outcomes. For example, measures of instructional support 

or direct teaching are more likely to be associated with measures of cognitive or academic 

achievement rather than behaviour or social and emotional development (Burchinal et al., 2010; 

National Institute of Child Health and Human Development Early Child Care Research Network, 

2003; National Institute of Child Health and Human Development Early Child Care Research 

Network & Duncan, 2003). In this regard, what defines ECEC program quality can be very broad. 

The elements of the ECEC quality that are of interest to practitioners, policy makers, and 

researchers are driven by the developmental outcomes that are the focus of change. 



 140 

Burchinal, Kainz and Cai (2011) reported a modest average effect size (d = 0.12) for quality 

on a range of child outcomes (academic/cognitive, language and social) for children from the 

general population (i.e., not only at-risk children). It is not clear, however, if the relationship 

between quality and outcomes is linear. Contrasts between the first and fourth quartiles of quality 

show effect sizes as high as 0.48 on cognitive domains (National Institute of Child Health and 

Human Development Early Child Care Research Network, 2000). In a similar analysis, effect sizes 

of around 0.20 were observed for instructional quality on reading and language and approximately 

0.30 on mathematics when comparing ‘low to medium’ to high-quality programs (Burchinal et al., 

2010). This could indicate evidence of thresholds for ECEC program effectiveness. High-quality 

programs (as measured on validated standard scales) are more likely to have an effect that can be 

observed in studies compared with low or moderate quality programs. 

Despite such evidence relating to the need for high quality programs, it is unlikely that most 

programs are meeting such a standard in the US, UK, or Australia (Tayler et al., 2013). For 

example, 404 randomly selected Head Start grantees, in the US, were assessed on the CLASS as 

part of the quality monitoring process. Scores were, on average in the high range for Emotional 

Support (6.03 out of 7) but in the low-to-moderate range for Instructional Support (2.9 out of 7) 

(Office of Head Start, 2015b). In a comparative analysis of a sample of 258 ECEC classrooms in 

Australia, scores were similar and not statistically significantly different from those observed in the 

US, and similar to programs in the UK (Tayler et al., 2013). These findings suggest that on 

measures of instructional support there is a low prevalence of high-quality programs, yet this is the 

domain most likely to be linked to cognitive and academic gains (Hamre et al., 2014).  

Further, regulation of quality standards (including the National Quality Standard in 

Australia (Australian Children’s Education and Care Quality Authority, 2013)) may not achieve the 

goal of exposing children to high-quality programs: regulations typically ensure basic standards, 

including safety (Sabol et al., 2013), while participation in programs remains optional, and quality 

is variable (Hatfield et al., 2015). In the Australian ECEC market place and elsewhere, how families 

cluster into high quality programs is unknown (Baxter & Hand, 2013; Lamb et al., 2015), yet recent 

evidence supports the position that lower ECEC program quality scores are observed in low SES 

neighbourhoods (Cloney, Cleveland, Hattie, & Tayler, 2016; Hatfield et al., 2015). Classrooms in 

the lowest quintile of neighbourhood SES have quality levels approximately one half of a SD lower 

than those in the top quintile when controlling for program type (e.g., kindergarten versus child 

care), management type (e.g., for-profit versus not-for profit) and location (Cloney, Cleveland, 

Hattie, & Tayler, 2016). In the US, a one SD increase in neighbourhood affluence was associated 

with a 0.18 SD increase in quality rating scores (North Carolina), controlling for neighbourhood 

and service-level covariates (Hatfield et al., 2015). Similar findings were found using the CLASS in 
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Georgia, with pre-K classrooms in the lowest quintile of neighbourhood poverty scoring 

approximately one third of a SD lower than those in the top quintile on the CLASS (unconditional) 

(Bassok & Galdo, 2016). 

Choice and ECEC programs. This section describes the determinants of family selection 

into ECEC programs. Although the optimum distribution of ECEC quality may be uniform, the 

distribution we expect to find is non-random.  

Prevalence, distribution, and use of high-quality ECEC programs. There is generally good 

evidence about the number of ECEC programs and the proportion of children who attend them 

across the population. Data is available for most developed nations (e.g., Organisation for 

Economic Co-operation and Development, 2014b). Less is known about the population-level 

prevalence of high-quality ECEC programs. Regulatory and monitoring frameworks provide some 

evidence: more than two thirds of Australian ECEC programs meet or exceed the National Quality 

Standard (NQS) (Australian Children’s Education and Care Quality Authority 2015b). There is 

however little information about how the NQS correlates to standard measures of ECEC program 

quality. Critical assessment of regulatory or monitoring ratings systems in the US suggest they may 

not relate strongly to children’s developmental gains as they do not strongly focus on or capture 

adult-child interactions as other established measures do (e.g., CLASS) (Sabol et al., 2013). Data on 

the population-level prevalence of ECEC program quality is therefore lacking. 

Sample-level data indicates that ECEC programs may score highly on some aspects of 

ECEC quality and low on others. For example, 404 randomly selected Head Start grantees (less 

than three per cent of the 15 028 grantees (Office of Head Start, 2015a)) were assessed on the 

CLASS as part of the quality monitoring process. Scores were, on average in the high range (as 

defined by the instrument manual: 1>low<3≥moderate<5≥high≤7 (Pianta et al., 2008)) for 

Emotional Support (6.03 out of 7) and in the low-to-moderate range for Instructional Support (2.9 

out of 7) (Office of Head Start, 2015b). In a comparative analysis of a sample of 258 ECEC 

classrooms in Australia, scores were similar and not statistically significantly different from those 

observed in the US (and similar to programs in the UK) (Tayler et al., 2013). These findings 

suggest that on measures of direct instruction there is a low prevalence of high-quality ECEC 

programs. This is the domain most likely to be linked to cognitive and academic gains (Hamre et 

al., 2014). 

More recent findings further suggest that the distribution of high-quality ECEC programs is 

not uniform. There are significant travel costs associated with attending ECEC programs. Families, 

therefore, tend to attend ECEC programs close to home: in Australia more than 60 per cent of trips 

to ECEC programs are shorter than three kilometres and are in either the family’s own 

neighbourhood or one with similar SES characteristics (Cloney, Cleveland, Hattie, & Tayler, 2016). 
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This finding coupled with evidence of a resource deprivation – both fewer ECEC programs and 

lower quality programs on average - in less affluent neighbourhoods, both in the US and Australia, 

implies that families who live in low SES neighbourhoods have access to fewer ECEC programs 

(Cloney, Cleveland, Hattie, & Tayler, 2016; Gordon & Chase-Lansdale, 2001; Hatfield et al., 2015; 

Small & Stark, 2005). Theory suggests that lower availability of programs will lead to lower 

average quality provision through an absence of incentives to differentiate programs by quality 

(Cleveland & Krashinsky, 2009). New evidence supports this position with lower quality 

observations made using the CLASS in low SES neighbourhoods. In Australia, classrooms in the 

lowest quintile of neighbourhood SES have quality levels approximately one half of a standard 

deviation (SD) lower than those in the top quintile when controlling for program type (e.g., 

kindergarten versus child care), management type (e.g., for-profit versus not-for profit) and location 

(Cloney, Cleveland, Hattie, & Tayler, 2016). In the US, a one SD increase in neighbourhood 

affluence was associated with a 0.18 SD increase in quality rating scores (North Carolina) 

controlling for neighbourhood and service-level covariates (Hatfield et al., 2015). Similar findings 

were found using the CLASS in Georgia, with pre-K classrooms in the lowest quintile of 

neighbourhood poverty scoring approximately one third of a standard deviation (SD) lower than 

those in the top quintile on the CLASS (unconditional) (Bassok & Galdo, 2016). 

Family selection of ECEC program quality. Observations of how families use ECEC 

programs give suggestions about the likelihood that children from low SES backgrounds are 

exposed to high-quality programs. Children from low SES backgrounds use less formal ECEC 

programs. Indeed, under market conditions, this may be an explanation for the lower availability of 

ECEC program in lower SES areas. 

There is limited evidence about the explicit decision making process families use to select 

ECEC programs. This is because it is unclear if families observe quality in the same way as experts 

do on standard instruments and because the decision making process is a complex balance of 

multiple preferences including quality, but also other factors including price, availability, and 

convenience. Mocan (2007) showed that parents are weakly rational: there is positive correlation 

between parents’ quality ratings and expert ratings on ECERS-R. Parent ratings, however, 

consistently over-estimate the level of quality relative to expert ratings. For this reason governments 

may introduce reporting of quality (e.g., the NQF). However there is evidence that families do not 

use these ratings in their decision making (Hall and Partners, 2014). 

 An alternative way of considering how families make decisions about selecting into levels 

of ECEC program quality is through a more complex, multifaceted system of balancing priorities 

and preferences. Parents are responsive to their individual child’s characteristics in selecting ECEC 

programs (Noble, 2005) but are also sensitive to price, convenience, availability, and other factors 
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(Johansen et al., 1996). The traits of the child, family, home, ECEC program, and community all 

influence family decision making (Hofferth et al., 1996). Johansen, Leibowitz, and Waite (1996) 

characterise the set of influences on the family to use centre-based ECEC programs in terms of 

intrinsic (related to the developmental outcomes of the child) and extrinsic (peripheral factors 

related to the circumstance and convenience of the family) factors. Empirical studies in the US 

identify the major extrinsic factors as location (travel time to ECEC), price, whether the desired 

hours are available, whether the hours that are available are consistent and stable, and family 

context (e.g., the total number and ages of children at home) (Davis & Connelly, 2005; Kim & 

Fram, 2009). The major intrinsic factors identified empirically are more varied. Some studies focus 

on the value families place on relationships including the availability of learning activities, 

opportunity for peer interactions, and the number of children in the group (Kim & Fram, 2009), 

while others focus on the ECEC environment including the type of program offered, educational 

materials used, training of staff, and availability of recreational equipment (Johansen et al., 1996). 

Families consider intrinsic and extrinsic factors simultaneously and make decisions that fit 

their own context (Hofferth et al., 1996). Family SES tends to mediate how much attention is given 

to each set of decision-making factors. For example, higher SES families tend to focus less on 

issues like price of the program and more on the developmental fit with the child. Families with 

greater incomes and main caregivers who work more hours and with university educations weight 

intrinsic characteristics more favourably when choosing to use ECEC programs (Johansen et al., 

1996). Similarly, low income households focus more on practical (extrinsic) factors (price, number 

of hours available, consistency of availability) rather than learning and development (intrinsic) 

characteristics of ECEC programs (availability of learning activities, opportunity for peer 

interactions) (Kim & Fram, 2009). Families with lower incomes are more sensitive to price in their 

decision to use ECEC programs or not (Early & Burchinal, 2001).  

It is plausible that these considerations that influence the choice to use ECEC programs also 

influence the likelihood of selecting high-quality programs. From the theoretical position that 

interactions cause changes in children’s developmental outcomes, such patterns are seen in the 

methodological literature. Studies using non-experimental data to try and isolate the influence of 

ECEC program quality on children’s development outcomes identify selection variables to explain 

the non-random allocation of children to ECEC quality. The selection effects reduce the likelihood 

of observing the true relationship between ECEC program quality and children’s outcomes because 

the same demographic and background variables that drive selection are also known to be 

correlated with developmental outcomes (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003). The NICHD study has identified a strong 
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set of selection variables that have significant overlap with the decision making literature identified 

above (Duncan & Gibson-Davis, 2006). 

This study – aims and hypotheses. Together, it is plausible to suggest that selection into 

ECEC program quality is not an explicit phenomenon that families can recount or summarise to 

researchers. The literature suggests that while families can perceive quality they may not be highly 

knowledgeable of ratings awarded to programs even as part of a regulatory system. This study uses 

direct observation of: (1) ratings of the quality of programs that children participated in over three 

years, and (2) a strong set of plausible selection variables that are theoretically correlated with 

family choices of ECEC programs. This study, therefore, can provide new knowledge about the 

prevalence of high-quality ECEC programs, and the child, family, and home characteristics that are 

associated with the use of high-quality ECEC programs. This study will identify how children’s 

exposure to ECEC program quality changes over time and whether family SES plays a role in these 

longitudinal patterns. 

This study aims to identify who attends high-quality ECEC programs and whether family 

circumstance strongly predicts the likelihood of using ECEC programs. This section addresses three 

research questions: 

1. What proportion of Australian ECEC programs can be considered high-quality and what 

proportion of Australian children attend high-quality ECEC programs? 

2. How is the use of high-quality ECEC programs distributed by family SES when 

controlling for a rich set of selection variables measuring traits of the child, family, 

home, ECEC programs, and local community? 

3. Are there strong trends in the observed preference of families to choose ECEC quality 

longitudinally and what is the average trajectory? This research question also controls 

for a rich set of selection variables measuring traits of the child, family, home, ECEC 

programs, and local community 

Method 
This section describes the samples used, measurement and instrumentation, and the analytic 

strategy. 

Samples. The data used in this study were drawn from a 5-year longitudinal (2010-2015) 

study that followed a cohort of 2,494 children. The study was designed to observe the effectiveness 

of everyday ECEC programs within metropolitan, regional and remote communities in Australia 

(Tayler et al., 2016; Tayler et al., 2013). Observations of ECEC programs quality were made in the 

years 2010-2012 and this is the data used in this study.  
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Table 16 summarises the number of ECEC classrooms observed and the number of children 

within them and the distribution of ages.  

 
Table 16. Description of sample used in this study. 

Year Service n 
Classroom 

n Child n 
Child age* 

M 
Child age 

SD 
2010 141 286 2494 42.92 7.27 
2011 720 1136 2494 54.92 7.27 
2012 805 1427 2494 66.92 7.27 

     
* Age at 1 Jan in each year in months 
 

Weighting methodology. Observations for this analysis are re-weighted to account for the 

complex survey design. These weights are used to produce parameter estimates for the population. 

In this case, the population is the population of ECEC programs in Victoria and Queensland from 

which the sample was drawn. The methodology used to calculate weights reflects the standards of 

best practice for analysing complex survey data described in large international studies of 

educational achievement (Adams & Wu, 2002; Joncas & Foy, 2012). Because this study focuses on 

the average experience of a child attending ECEC programs, the weighting methodology produces a 

weight for each child in the study and in subsequent analysis the clustering of children with 

classrooms is accounted for by producing robust standard errors. 

The	weight	of	child	j	in	service	i	is	denoted	!"# 	and	is given by Equation 12 

 
Equation 12 

!"# = %&"#%'"(&"('" 
Where %&"# is a within-service, child base weight representing their probability of selection 

equal to one (all eligible children within a service were selected as the target sample and selected 

with certainty). %'" is a service base weight representing the inverse of the probability of that 

service being sampled (for more detailed information, see Chapter 3) scaled to sum to the number 

of children within the sampling stratum. (&" is a correction factor to account for the implicit 

oversampling of services in high and low SES communities. ('" is a non-response correction factor 

that is the ratio of the target sample size within each classroom (the number of enrolments) divided 

by the achieved sample size within each classroom. 

Instrumentation. This study utilised a range of validated measures likely to be associated 

with family choices about ECEC quality: ECEC program quality; family SES; and a suite of child, 

family, home, and community variables.. A summary of the variables is given in Table 17. 
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Measures of ECEC program quality. ECEC inputs are measured using two standard 

measures. The Classroom Assessment Scoring System (CLASS) assesses adult-child interaction 

quality and yields three measures: Emotional Support, Classroom Organisation, and Instructional 

Support (Pianta et al., 2008). The Early Childhood Environment Rating Scale - Revised (ECERS-R) 

is considered a broader snapshot of ECEC program characteristics including the daily schedule, 

physical materials, activities undertaken, and hygiene practices and in this case three subscales (of 

7) are used yielding measures of Space and Furnishings, Personal Care Routines, and Activities 

(Harms et al., 1998).  

In the analysis presented in this study, the ECERS-R is scored as per the users manual. The 

ECERS-R has been validated in a number of international studies showing robust internal 

consistency including alphas in greater than 0.9 and inter-rater reliability between 0.8 and 0.9 

(Peisner-Feinberg et al., 2001). The CLASS scores reported in this study take account of the 

repeated-observation nature of the measure (e.g., accounting for both within-classroom variation as 

well as the traditionally reported between-classroom variation) to produce more reliable scores on 

the three measures. The reliabilities of Emotional Support, Classroom Organisation, and 

Instructional Support are 0.87, 0.85, and 0.89 respectively indicating adequate statistical reliability 

(Cloney, Nguyen, Adams, Tayler, & Cleveland, 2015; Cloney, Nguyen, et al., In press; Tayler & 

Cloney, 2016). It is important to note that the CLASS scores in Figure 11 are reported on the 

scoring scheme of 1 (low) to 7 (high) (Pianta et al., 2008) and provide comparability to scores 

reported in other studies (e.g., Tayler et al., 2013). All other analyses, however, used the more 

reliable estimation methods reported in Cloney et al. (In press) and the reader will note scores have 

a mean of approximately zero and a range, on the logit scale, from approximately minus six (low) to 

six (high). The underlying raw data is the same. The additional reliability in estimating CLASS 

scores produces more robust estimates in the models presented: particularly in the linear growth 

models. 

Measures of family SES and context. Family SES was derived from parental reports of 

their school education, qualification (non-school education) and occupation at the time of their 

child’s enrolment in school. A single scale was produced by fitting a measurement model indicated 

by the six items (three items for up to two parents) and extracting a factor score for each family. 

Scale reliability is 0.80. This scale is used by the Australian Curriculum Assessment Reporting 

Authority to produce an internal measure of individual student measure of socio economic 

advantage (R. Adams, personal communication 16 October 2013). 

In addition to this, household income relative to need was measured by the household 

income in 2010 divided by the adjusted Henderson poverty threshold (Melbourne Institute of 

Applied Economic and Social Research, 2010). This measure is consistent with approaches used in 
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other large-scale research to account for the influence of family context on children’s learning and 

development (e.g., National Institute of Child Health and Human Development Early Child Care 

Research Network, 2003).  

Family context variables were included to account for the likelihood of sub-populations 

making systematically different ECEC programs choices. The main caregiver’s depressive and 

anxiety symptoms were measured using the Kessler 10 (K10), which exhibits high estimates of 

reliability (α = 0.93) (Kessler et al., 2003). The parent’s migration background was indicated by 

self-report (was or was not born in Australia). Home learning environment (HLE) that measured by 

indicators of direct teaching (formal learning guided by parents), and indirect learning (informal 

learning that occurs during activities in and outside home) with (person) reliability of 0.87 and 0.80 

respectively (Niklas et al., 2016). 

Measures of child traits. Measures of the child were included because families make ECEC 

quality decisions in relation to their child’s abilities and traits. Gender and age were measured by 

parent report. Measures of behaviour , intelligence, and temperament were included. Child 

behavioural symptoms were assessed using the Total Difficulties scale of the Strengths and 

Difficulty Questionnaire (SDQ) (Goodman, 1997). The SDQ has adequate psychometric properties 

and is widely used as a short-form measure of behavioural difficulties. Internal validity is greater 

than 0.7 for all 5 sub-scales and the measure shows similar discrimination to other measures of 

behavioural symptoms (Mellor, 2004). General cognitive ability was measured using the Brief 

Intellectual Ability (BIA), a cognitive performance cluster from the Woodcock Johnson III (WJIII). 

The measure, in age three to four years range, it has a high reliability (rcc > 0.9) (McGrew & 

Woodcock, 2001). Child temperament was assessed using the Short Temperament Scale for 

Children (STSC) measure of Persistence (Prior, Smart, Sanson, & Oberklaid, 2000; Sanson, Smart, 

Prior, Oberklaid, & Pedlow, 1994). In clinical populations the scale has high internal consistency (α 

> .90) (Kennedy, Rapee, & Edwards, 2009). 

ECEC level variables. In addition to the key outcome variables of this study (ECEC 

program quality – described above), there are some additional ECEC variables of interest. These, 

like the variables above, are plausibly associated with the family selection of quality. The first is the 

parent report of all hours of use of formal ECEC programs in a typical week. The second relates to 

the use of informal early childhood program. This may be relative care (e.g., grandparent) or 

informal programs (sometimes known as backyard care). In this study we use a parent report 

measure of the number of hours of informal ECEC used typically (e.g., most weeks) by the family 

each week. 

Measures of community context. To control for known variations in the availability of 

ECEC programs and quality at the neighbourhood or community level, measures of community 
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SES, and the availability of ECEC programs were included. The SES of the local area is given by 

the Socio-Economic Indexes for Areas (SEIFA) Index of Relative Socio-economic Advantage and 

Disadvantage (IRSAD) (Australian Bureau of Statistics, 2011b). The IRSAD is collapsed into 

ordered categories based on quantiles (Pink, 2008).The availability of ECEC programs in the local 

area is measured using the ratio of licensed ECEC capacity to resident children aged one to five 

years in the Postal Area of the family (Australian Bureau of Statistics, 2013). 
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Table 17. Descriptive information on variables used in this study 

      
Group Variable name 

n in contrast 
category Mean SD % missing 

ECEC Quality CLASS+ Emotional Support  . -0.76 1.81 3 

 
CLASS+ Classroom Organisation  . -0.71 1.3 3 

 
CLASS+ Instructional Support  . -0.76 2.02 3 

 
ECERS-R& Personal Care Routines  . 2.97 1.29 4 

 
ECERS-R& Space and Furnishings  . 4.29 0.9 4 

 
ECERS-R& Activities  . 3.58 0.79 4 

Family level Family Socio Economic Status . 0.01 0.67 41 

 
Household income . 2.69 1.71 31 

 
Main caregiver depression and anxiety . 14.64 4.47 33 

 

Main caregiver migration background  
(0 = born in Australia) 999 . . 22 

Home level HLE@ Indirect Learning . 0.09 2.08 32 

 
HLE@ Direct Teaching . -0.03 0.33 32 

Child level 
Child gender  
(0 = male) 1200 

  
0 

 
Child age (months) . 42.92 7.27 0 

 
SDQ# total behavioural difficulties . 12.48 3.28 33 

 
WJIII* Brief Intellectual Ability  . 2.58 10.81 16 

 
STSC± Persistence . 11.44 3.23 39 

 
STSC± Approachability . 10.48 3.57 57 

 
STSC± Inflexibility . 8.39 2.97 65 

ECEC level Hours per week in ECEC^ programs . 22.3 14.41 37 

 
Child to Adult Ratio in ECEC^ program . 7.63 2.56 7 

 
Hours per week in Informal Care . 4.66 8.17 39 

 

Family enrolled in any kindergarten program  
0( = no) 1497 . . 55 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 495 . . 2 

 
Community Socio Economic Status 3rd quintile 486 . . 2 

 
Community Socio Economic Status 4th quintile 495 . . 2 
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Community Socio Economic Status 5th quintile 484 . . 2 

 
Availability$ of local ECEC programs . 0.83 0.39 6 

  Quality~ of local ECEC programs . 0.35 0.25 6 
+ Classroom Assessment Scoring System 

  	 	& Early Childhood Environment Rating Scale - Revised 
  	 	^ Early Childhood Education and Care Classrooms 
 	 	 	± Short Temperament Scale for Children 
 	 	 	# Strengths and Difficulties Questionnaire 
 	 	 	@ Home Learning Environment 
 	 	 	* Woodcock-Johnson III Tests of Cognitive Abilities And 

Achievement 
 	 	 	$ Licensed ECEC capacity per resident child in Postal Area 
 	 	 	~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 

Area 
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Analytic approach. Both descriptive and statistical analysis is used to answer the research 

questions. The analysis conducted is detailed below. 

Research question one. Descriptive analysis is presented to address research question one. 

The analysis is presented in two ways: describing the average quality of ECEC programs and the 

average quality experienced by children attending ECEC programs. Estimates of the mean level of 

quality (and confidence intervals) are calculated using sample weights and empirical nonparametric 

bootstrap, using the library boot (Canty & Ripley, 2014) in R (R Core Team, 2016). All estimates 

are made using 500 resamples. These estimates are expected to be robust as there is only light 

clustering of the data (e.g., many clusters with few students in each) and under such conditions 

simulation studies suggest there is generally high coverage of the true parameter estimate 

(Ukoumunne, Davison, Gulliford, & Chinn, 2003). The proportion of services considered high-

quality and the proportion of children attending high-quality programs (greater than 5 on the 

underlying scales) are given from the weighted empirical cumulative distribution functions using 

the Hmisc library (Harrell, 2014).  

Research question two. Boxplots (weighted) are presented to illustrate the distribution of 

ECEC quality. Each boxplot is factored by quintiles of family SES to illustrate any univariate 

relationship. To test these patterns statistically, cross sectional generalised linear models (glm) 

(using the identify link function) are fit using the Survey package in R (Lumley, 2004) to test the 

relationship between each quality outcome and a vector of predictors. Glms are appropriate as they 

allow relaxed assumptions about the distribution of residuals, which may show correlations within 

ECEC settings (e.g., clustering within classrooms). A family of regression models are fit for each 

quality measure (e.g., Emotional Support) with groups of predictors introduced sequentially at the 

child, family, home, ECEC, and community levels respectively (the list of variables is given in 

Table 17). At each stage, the change in Akaike Information Criteria (AIC) is assessed. The final 

model presented is that with the lowest AIC (where the change is greater than 10) as the most 

parsimonious model (Burnham & Anderson, 2004). Tests of multicollinearity are also conducted 

and predictors with generalised variance-inflation factors (GVIF1/(2*DF)) greater than two18 are 

candidates for omission from the models (Fox & Monette, 1992; Fox & Weisberg, 2011). 

Research question three. The above models are expanded to consider ECEC program 

quality longitudinally. A linear growth model (LGM) is fit that predicts the level (intercept) and rate 

of change (slope) of ECEC program quality used by families. A multiple group model is fit with 

known classes representing different levels of family SES to test whether the predictors (Table 17) 

have heterogeneous relationships to the growth factors at different levels of family SES. It is 
                                                
18 This is a conservative equivalence to the variance-inflation factor (VIF) threshold used in 

OLS regression (Dormann et al., 2013). 
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strongly suggested in the literature that higher SES families are more likely to consider child and 

family circumstance when it comes to ECEC selection. Models are estimated in MPlus v7 (Muthén 

& Muthén, 1998-2012).  

A note on missing data. Multiple imputation is used in the statistical analysis addressing 

hypothesis two and three. Data is assumed to be missing at random (MAR) so that missingness can 

be a function of observed covariates and the response variable(s) (van Buuren & Groothuis-

Oudshoorn, 2011). Multiple imputation (MI) is used to account for missing data and to make the 

most robust estimates of standard errors possible with the given data. We also account for clustering 

of children within classrooms. Ten imputations are produced based on all variables used in this 

study, including the variables used to produce the weights and the composite/latent indicators 

(Schafer & Graham, 2002). Imputations are made by Chained Equations using the mice package in 

R allowing for the clustered data and using predictive mean matching for continuous variables, 

logistic regression for binary (unordered) data, and ordered logit models for ordered categorical 

data (van Buuren & Groothuis-Oudshoorn, 2011).  

Results 
Research question one. The findings in general support the earlier presented unweighted 

sample estimates (2013). When the results are weighted and generalised to the population of ECEC 

services there is evidence of an upward bias in the unweighted sample estimates of quality. This 

effect is small with the sample mean being within the 95 per cent confidence interval of the 

population estimate.  

More than 50 per cent of classrooms exhibit high Emotional Support and more than 25 per 

cent high Classroom Organisation and Space and Furnishings quality. Fewer than 10 per cent of 

classrooms are considered high-quality on the remaining 3 domains measured. Fewer than 1 per 

cent of classrooms are considered high-quality for Instructional Support. A summary of the 

findings is given in Table 18. 
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Table 18. Weighted description of quality in ECEC classrooms in 2010. 

 Quality dimension  
Weighted 
Mean 2.5% CI 97.5% CI 

Weighted % 
high-quality± 2.5% CI 97.5% CI 

Emotional Support+ 5.12 5.00 5.22 61 55 67 
Classroom Organisation+ 4.59 4.47 4.69 37 31 42 
Instructional Support+ 2.37 2.27 2.49 <1 0 2 
Space and Furnishings& 4.38 4.25 4.50 23 18 28 
Personal Care Routines& 3.05 2.91 3.21 5 2 7 
Activities& 3.63 3.53 3.74 6 3 9 
+ Dimension from the Classroom Assessment Scoring System (CLASS) 

	 	 	& Subscale from the Early Childhood Environment Rating Scale - Revised (ECERS-R) 
	 	± Scores greater than 5 as per the standard scoring schedule ("high" on the CLASS and "good quality" on ECERS-R) 

	 
 

These results are extended to consider the typical experience of a child in the population. 

That is, given that ECEC classrooms vary in size, the sample estimates can be reweighted to 

estimate the typical level of ECEC program quality experienced by children in the population. The 

overall trend is for the child-level estimates to be lower. The marginal difference, however, is small 

with only the child-level estimate for Personal Care Routines falling outside the 95 per cent 

confidence interval for the classroom-level estimates. These findings imply that larger ECEC 

classrooms score lower, on average though this doesn't have a large effect on the quality 

experienced by children. A summary of the estimates is given in Table 19. 

 
Table 19. Weighted description of quality experienced by children attending ECEC classrooms in 2010. 

Quality dimension 
Weighted 

Mean 2.5% CI 97.5% CI 
Weighted % 
high-quality± 2.5% CI 97.5% CI 

Emotional Support+ 5.04 5.00 5.07 56 54 58 
Classroom Organisation+ 4.51 4.47 4.55 32 30 33 
Instructional Support+ 2.29 2.25 2.33 1 1 1 
Space and Furnishings& 4.27 4.24 4.31 15 14 17 
Personal Care Routines& 2.79 2.75 2.84 4 3 5 
Activities& 3.62 3.59 3.66 6 5 7 
+ Dimension from the Classroom Assessment Scoring System (CLASS) 

   & Subscale from the Early Childhood Environment Rating Scale - Revised (ECERS-R) 
  ± Scores greater than 5 as per the standard scoring schedule ("high" on the CLASS and "good quality" on ECERS-R) 

  

Research question two. The bivariate relationship between quality and family SES is 

presented in Figure 11 and Figure 12. The boxplots represent the distribution of quality experienced 

by children in quintiles of family SES. SES gradients are observed for the three CLASS measures 

and ECERS-R Activities. 
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+ Socioeconomic Status 
& Classroom Assessment Scoring System 

Figure 11. Distribution of classroom quality experienced by children in 2010, measured by CLASS, and 

factored by family SES. 
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+ Socioeconomic Status 
& Early Childhood Environment Rating Scale - Revised  

Figure 12. Distribution of classroom quality experienced by children in 2010, measured by ECERS-R, 

and factored by family SES. 

Cross sectional regression models (for 2010) illustrate that the relationship presented above 

between family SES and the level of ECEC quality used is significant. In the table that follows, the 

relationship is significant when controlling for additional family level variables (model 1) as well as 

home, child, ECEC, and community-level variables (model 5). Model 5, with the greatest number 

of predictors, exhibits the best explanatory power measured by AIC (least information loss) and the 

set of variables presented are used in subsequent longitudinal analysis. Higher order interactions are 

tested for significant predictors in all models: no interactions are significant along with the first-

order predictors and are not included in the models presented. Table 20 illustrates the pattern of 
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relationships found for the outcome measure Instructional Support. Parameter estimates are 

unstandardised and are interpretable as the change in Instructional Support given a one-unit change 

in the predictor. For instructional support, the partial effect for family SES indicates that as families 

move from average SES to one SD higher, the quality experienced is 0.43 units, or 0.21SD higher 

on Instructional Support. Main effects are also observed for child characteristics. Older children and 

children with higher baseline assessments of IQ experience higher quality programs. Children in 

classrooms with more adults per attending child also experience higher quality programs: moving 

from nine children per adult to eight (rounded to whole numbers) increases quality by 

approximately 0.15 units, or 0.07 SD. The full output for all ECEC quality measures can be found 

in Appendix D. 
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Table 20 Generalised linear model of CLASS Instructional Support on family, home, child, and ECEC predictors. 

  
Model 1 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) -0.65 -1.28 -0.03 0.31 * 0.44 -0.90 1.78 0.68 

 Family level Family Socio Economic Status 0.74 0.45 1.03 0.15 *** 0.43 0.21 0.64 0.11 *** 

 
Household income -0.04 -0.18 0.11 0.07 

 
-0.10 -0.25 0.06 0.07 

 
 

Main caregiver depression and anxiety -0.01 -0.05 0.02 0.02 
 

-0.01 -0.03 0.01 0.01 
 

 

Main caregiver migration background  
(0 = born in Australia) -0.32 -0.62 -0.01 0.15 * -0.24 -0.52 0.04 0.14 . 

Home level HLE@ Indirect Learning 
     

0.01 -0.06 0.09 0.04 
 

 
HLE@ Direct Teaching 

     
0.28 -0.17 0.72 0.22 

 
Child level 

Child gender  
(0 = male) 

     
-0.07 -0.27 0.12 0.10 

 
 

Child age (months) 
     

0.23 0.01 0.46 0.11 * 

 
SDQ# total behavioural difficulties 

     
-0.02 -0.05 0.01 0.02 

 
 

WJIII* Brief Intellectual Ability  
     

0.02 0.00 0.03 0.01 ** 

 
STSC± Persistence 

     
-0.01 -0.06 0.03 0.02 

 
 

STSC± Approachability 
     

0.00 -0.04 0.05 0.02 
 

 
STSC± Inflexibility 

     
0.03 -0.01 0.08 0.02 

 ECEC level Hours per week in ECEC^ programs 
     

-0.01 -0.02 0.00 0.00 . 

 
Child to Adult Ratio in ECEC^ program 

     
-0.15 -0.26 -0.03 0.06 * 

 
Hours per week in Informal Care 

     
0.00 -0.01 0.02 0.01 

 
 

Family enrolled in any kindergarten program  
     

0.49 -0.01 1.00 0.24 . 
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
-0.32 -1.04 0.41 0.37 

 
 

Community Socio Economic Status 3rd quintile 
     

-0.29 -0.91 0.33 0.31 
 

 
Community Socio Economic Status 4th quintile 

     
0.29 -0.31 0.88 0.30 

 
 

Community Socio Economic Status 5th quintile 
     

0.71 -0.03 1.46 0.38 . 

 
Availability$ of local ECEC programs 

     
0.22 -0.14 0.59 0.18 

 
 

Quality~ of local ECEC programs 
     

0.00 -0.94 0.93 0.47 
 

            Fit AIC` 11022 
    

10764 
      ΔAIC` .         -259         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 
` Akanke information criterion  
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Unconditional LGMs show that there is a generally positive trend for children’s experience 

of ECEC quality over time. This is consistent with earlier findings that show that more education-

focused programs, such as kindergarten and school, tend to score higher on rating of interaction 

quality (Tayler et al., 2013). When these trajectories are considered by family SES background 

there is a clear pattern of lower SES families tending to use lower quality ECEC programs in the 

years before school. Notably the trajectories converge when the children enter school in 2012. 

Figure 13 illustrates this pattern for two sub-scales of the CLASS as these are the most pronounced 

patterns. Confidence intervals for the trajectories are shaded in grey. 

 

 
Figure 13. Mean growth factors for ECEC program quality (CLASS) factored by family SES. 
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unconditional LGMs so that that the mean of the intercept growth factor is equal for all groups it is 

possible to test the hypothesis that families experience the same level of ECEC quality at entry to 

the study (2010 – the year farthest from school entry). By introducing a similar constraint on the 

slope growth factor (e.g., the intercept term plus two-times the slope growth factor), it is further 

possible to test the hypothesis that all families exit the study (2012 – at school entry) at the same 

level of ECEC quality. Table 21 reports the change in the mean of the intercept term (2010) and the 

intercept term plus the estimated growth in quality (2012) for the three groups (low, mid, and high 

SES). For all four measures of ECEC quality, families from the lowest SES backgrounds 

experience the lowest level of ECEC quality in 2010. By the end of the study, the mean level of 

quality is common for all groups. The magnitude of the effect is substantial. Children from the 

medium and high level SES groups experience 0.38 and 0.77 standard deviations greater 

Instructional Support than children from the low SES group on average, for example.  

 



 161 
Table 21. Significance tests of hypothesis that intercept terms in LGM are different for families form low SES backgrounds. 

  
Emotional Support+ Classroom Organisation+ Instructional Support+ Activities& 

Contrast Year Group name Δmean se sig Δmean se sig Δmean se sig Δmean se sig 

2010 
Med 
(Contrast is 
Low) 

0.47 0.15 ** 0.39 0.11 *** 0.71 0.17 *** 0.13 0.06 * 

 High 0.90 0.22 *** 0.58 0.15 *** 1.46 0.29 *** 0.23 0.10 * 

2012 
Med 
(Contrast is 
Low) 

0.06 0.12  0.12 0.09  0.12 0.12  0.05 0.09  

  High 0.19 0.14   0.15 0.11   0.02 0.14   0.00 0.10   
p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 
‘. ' 

            + Classroom Assessment Scoring System 
           & Early Childhood Environment Rating Scale - Revised 
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Covariates are added to the LGMs to estimate the influence of child, family, home, ECEC, 

and community factors on the growth factors. The linear trends presented in Table 21 persist with 

children from families of low SES backgrounds experiencing lower quality ECEC programs earlier 

with the trends converging over time. Of note, is that community level variables are only significant 

for children from families of low SES backgrounds: children from low SES households who live in 

high SES neighbourhoods experience higher levels of ECEC program quality. Conversely, child 

and ECEC factors are significant only for children from families from average or higher levels of 

SES: children with higher IQs, of older ages, girls, and those with less flexible temperaments 

experience higher ECEC program quality. Results for the multiple group growth model for 

Instructional Support are shown in Table 22 (only significant parameter estimates are shown). The 

patterns observed are consistent for the other three measures of ECEC quality (the remaining two 

CLASS factors and ECERS-R Activities). The full output for all ECEC quality measures can be 

found in Appendix D. The observed effects are large. Children from families of low SES 

backgrounds do not vary in the level of ECEC quality experienced in 2010 (intercept on covariates) 

according to their or their family’s traits except for child age. Older children tend to experience 

higher initial levels of ECEC quality from both low and average SES backgrounds. Importantly, 

however, children from low SES families who live in high SES areas (5th quintile) experience 

higher levels of ECEC quality: in 2010, when compared to children who live in the lowest SES 

areas, these children experienced 1.4 SDs greater Instructional Support. Complimentary to this 

finding, children who live in areas with greater ECEC supply (greater availability per resident child 

in the neighbourhood) experience 0.59 SDs higher Instructional Support (for a 1SD increase in 

ECEC availability).  
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Table 22. Multiple group (family SES) linear growth model estimating intercept and slope growth factors for CLASS Instructional Support regressed on 

covariates (significant estimates shown). 

   
Group low SES+ Group mid SES+ Group high SES+ 

Growth factor Group Variable Est se sig Est se sig Est se sig 

Intercept 
 

Mean -1.44 0.29 *** -1.23 0.27 *** -0.22 0.40 
 

on Family level Household income -0.19 0.10 * 0.13 0.11 
 

0.08 0.07 
 

  

Main caregiver migration background  
(0 = born in Australia) -0.43 0.44 

 
0.10 0.25 

 
-0.55 0.29 . 

 
Child level 

Child gender  
(0 = male) -0.03 0.29 

 
0.13 0.21 

 
-0.46 0.21 * 

  
Child age (months) 0.07 0.03 ** 0.06 0.02 * 0.03 0.02 

 

  
SDQ# total behavioural difficulties -0.06 0.06 

 
-0.07 0.03 . 0.04 0.04 

 

  
WJIII* Brief Intellectual Ability  0.00 0.01 

 
0.03 0.01 ** 0.02 0.01 . 

  
STSC± Approachability 0.06 0.07 

 
-0.06 0.03 . 0.02 0.03 

 

  
STSC± Inflexibility 0.13 0.07 . 0.14 0.04 ** 0.16 0.07 * 

 
ECEC level Child to Adult Ratio in ECEC^ program -0.11 0.07 . -0.19 0.07 ** -0.12 0.07 . 

  
Family enrolled in any kindergarten program  -0.28 0.60 

 
1.18 0.37 ** 0.56 0.39 

 

 

Community 
level 

Community Socio Economic Status 4th 
quintile -0.11 0.39 

 
0.50 0.30 . 0.44 0.50 

 

  

Community Socio Economic Status 5th 
quintile 1.35 0.44 ** 0.26 0.47 

 
0.51 0.50 

 

  
Availability$ of local ECEC programs 1.36 0.66 * 0.18 0.25 

 
0.50 0.46 

 
Slope 

 
Mean 0.81 0.19 *** 0.61 0.18 ** 0.33 0.25 

 
on Family level Household income 0.26 0.11 * -0.06 0.07 

 
-0.03 0.05 

 

  
Main caregiver depression and anxiety 0.02 0.01 . 0.01 0.02 

 
-0.02 0.02 

 

  

Main caregiver migration background  
(0 = born in Australia) 0.27 0.37 

 
-0.17 0.14 

 
0.45 0.17 ** 

 
Child level 

Child gender  
(0 = male) 0.04 0.20 

 
0.02 0.13 

 
0.29 0.15 * 

  
Child age (months) -0.03 0.02 

 
-0.03 0.01 * 0.00 0.01 

 

  
STSC± Inflexibility -0.10 0.06 . -0.06 0.03 * -0.06 0.05 

 

 
ECEC level Child to Adult Ratio in ECEC^ program 0.08 0.04 . 0.13 0.04 ** 0.04 0.04 

 

  
Family enrolled in any kindergarten program  -0.17 0.37 

 
-0.62 0.24 * -0.27 0.26 
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Community 
level 

Community Socio Economic Status 5th 
quintile -1.22 0.27 *** 0.09 0.26 

 
-0.36 0.29 

 

  
Availability$ of local ECEC programs -0.80 0.41 * -0.11 0.15 

 
-0.36 0.31 

 

  
Quality~ of local ECEC programs 0.45 0.44 

 
0.70 0.40 . 0.59 0.53 

 

	 	 	   	   	   	Fit RMSEA` Mean 0.06 

 	   	   	    Standard Deviation  0.00   		     		     		
 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 

+ Family socio economic status (low < -0.5SD, -0.5SD <= mid < 0.5SD, high >= 0.5SD) 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

$
 Licensed ECEC capacity per resident child in Postal Area 

~
  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 

` Root-mean-square error of approximation 
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Discussion 
This study makes three major findings related to family selection into ECEC 

program quality. The first finding is that there is a high degree of variability in the 

proportion of ECEC programs that can be considered of high-quality in Australia. On 

standardised measures, some aspects of ECEC quality are typically observed at high 

levels (e.g., Emotional Support) whilst others are almost never seen at high levels 

(Instructional Support). The second finding is that family SES plays a substantial role in 

determining the relative level of ECEC quality children experience. This is particularly 

true for measures of adult-child interaction (e.g., CLASS) and less so for measures of 

the structural features of ECEC programs (e.g., ECERS-R Space and Furnishings). The 

third finding is that there is a positive trend for children’s experiences of ECEC 

program quality. That is, as children grow older they enter more education-focused 

programs and experience relatively higher program quality. This pattern is related to 

family SES, with children from low SES backgrounds experiencing lower initial quality 

and steeper quality gradients. Children’s school-age experiences of quality are 

approximately equal. These effects are found when child, family, ECEC, and 

community context are controlled for, indicating that family SES is a strong predictor of 

selection into different levels of ECEC program quality. 

Hypothesis one. This study reinforces suggestions from earlier studies (Tayler 

et al., 2013) that the level of ECEC quality in Australia is variable according to the 

measures and constructs considered. Furthermore, this study extended earlier findings 

by producing population estimates using a re-weighting methodology. This approach 

produced estimates of the typical experience of children who attend ECEC programs (as 

opposed to the proportion of high quality programs). Overall, in Australia, children 

experienced generally high levels of some measures of ECEC quality, including 

Emotional Support. On other measures, that have been associated with advances in 

children’s cognitive development, children almost never experienced a high level of 

quality. In relation to hypothesis one, this means that the proportion of Australian 

classrooms considered high quality overall depends on the measure used and quality 

constructs in question. On measures of regard and warmth, like Emotional Support, 

most children were found to experience high quality. On measures of the physical 

environment and the purposeful use of time, like Space and Furnishings (ECERS-R) 



 166 

and Classroom Organisation (CLASS), most children are exposed to average levels of 

quality with a significant proportion (between 15 and 30 per cent) experiencing high 

levels of quality. On measures, however, relating to the pedagogy in place to support 

children’s learning (e.g. concept development, the quality of feedback, language 

modelling) almost no children were exposed to high-quality interactions. The majority 

of children were found to experience low-quality instructional interactions. This finding 

of near universal low- quality ratings on Instructional Support is important because it is 

the quality measure used in this study that is most strongly related to supporting 

children’s cognitive development and, in turn, their academic achievement (Hamre et 

al., 2014; National Institute of Child Health and Human Development Early Child Care 

Research Network & Duncan, 2003). This has implications for the ability of ECEC 

programs to influence children’s cognitive development outcomes and is important 

given the stated policy intention of ECEC programs to promote cognitive development 

and academic achievement and to narrow gaps between advantaged and disadvantaged 

families (Department of Education, 2009; Productivity Commission, 2015). 

In the present policy context focused on quality improvement there is an 

opportunity for both targeted quality improvement and more nuanced monitoring and 

reporting of the kind of interactions that support children’s cognitive development and 

learning outcomes. Further, ensuring that quality improvement efforts are targeted on 

areas with large margins for improvement (e.g., Instructional Support) will provide 

more efficient outcomes from staff preparation, training, and professional learning 

investments. Further, ensuring that one or more of the current Quality Areas that make 

up the National Quality Standard (NQS) (Australian Children’s Education and Care 

Quality Authority, 2013) capture the concepts that underpin Instructional Support (e.g., 

the measures are correlated) would provide a way of prompting, tracking and 

monitoring improvement of aspects of quality that are known to improve cognitive and 

academic outcomes. If the current Quality Areas do not overlap with the CLASS 

measures there is a strong case to focus the NQS more specifically to include elements 

that capture concept development, modelling of language, and the provision of 

feedback. 

Hypothesis two. This study identifies strong and non-random patterns for the 

experience of ECEC quality. Child, family, home, ECEC, and community 
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characteristics all play a role in the selection of children into different levels of ECEC 

quality. This finding is consistent with earlier studies that consider at the selection, for 

example, into centre-based child care over informal or family-care (Johansen et al., 

1996; Kim & Fram, 2009) or into the duration of ECEC program usage and age of entry 

(Baxter & Hand, 2013; Gilley et al., 2015; Harrison et al., 2010). 

Children in ECEC programs do not experience uniform levels of quality and 

family SES is a strong determinant of the level experienced. There is a correlation 

between family SES and measures of interaction quality (CLASS) and measures of the 

activities and scheduling of the program (ECERS-R Activities). This points toward the 

core drivers of children’s experience in ECEC provision - program design and teachers’ 

pedagogical focus. Yet such an association is absent or less pronounced for measures of 

the physical environment and the hygiene practices observed in the classroom ECERS-

R (Space and Furnishings and Personal Care Routines). This pattern persists for 

Instructional Support measure when other child, family, ECEC, and community 

background variables are controlled for. For Emotional Support, the effect of family 

SES is replaced with a main effect for community SES when these variables are 

controlled: the lowest quintile of neighbourhood SES is associated with experiencing 

lower levels of Emotional Support compared to the highest quintile at the average level 

of family SES. Such a finding suggests the possibility of some interaction between 

family and neighbourhood SES, yet no interaction is observed. This is, however, not 

surprising given the non-random association between family and neighbourhood SES: 

only a small proportion of families from the most disadvantaged backgrounds (17 per 

cent of those from the first decile of an individual measure of SES), live in communities 

of the highest SES (those in the top 40 per cent)19 and vice-versa (Wise & Mathews, 

2011). In earlier analysis it was also established that ECEC programs in the lowest SES 

neighbourhoods are, on average lower quality (Cloney, Cleveland, Hattie, & Tayler, 

2016). The observation of a family SES gradient for Instructional Support, even when 

neighbourhood SES is controlled, suggests additional barriers to the inclusion of lowest 

SES families in highest quality instructional environments. This effect may be on the 

                                                
19 If there was a perfect relationship between family SES and community SES 

this proportion would be zero per cent and if there was no relationship it would be 40 
per cent. 
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demand-side and caused by price barriers or, alternatively, different priorities according 

to family SES. Such a heterogeneity for the selection by families into the instructional 

environments that represent higher levels of quality is consistent with findings from the 

US that identify family income and education as predictors of identifying the 

educational content of ECEC programs as an important factor (Johansen et al., 1996; 

Kim & Fram, 2009). 

There is now considerable evidence of the relationship between neighbourhood 

and family SES and ECEC program quality. Previous research has demonstrated that 

high-quality ECEC programs are less likely to operate in low SES areas (Cloney, 

Cleveland, Hattie, & Tayler, 2016). A number of scholars have suggested that low 

availability of ECEC programs (low supply) in less affluent areas is partly a cause of 

this pattern of quality (Cleveland & Krashinsky, 2009; Small & Stark, 2005). This study 

shows that families from low SES backgrounds are less likely to select into high-quality 

instructional environments. There is a strong justification for government to intervene to 

lift ECEC quality in low SES areas. This could be done on the demand-side by reducing 

(further) the out-of-pocket costs for low SES families to use longer hours of ECEC 

programs. This could include removing the activity test presently used that limits the 

total subsidy for families not engaged in more than 15 hours of work or study. There is 

however also evidence that government should act on the supply side to ensure that in 

the lowest SES neighbourhoods there are model programs of the highest quality. Such 

model programs could act as demonstration sites and would work against the observed 

pattern where even in the lowest SES areas, families from more affluent backgrounds 

tend to enter into higher quality instructional environments. In the US, studies have 

identified that higher grants or funding allocation to services in low SES 

neighbourhoods, significantly increases ECEC quality and regulatory and monitoring 

ratings (Hatfield et al., 2015). 

Hypothesis three. Finally, there is substantial evidence presented here of a 

generalised gradient for the longitudinal experience of ECEC quality. The younger 

children are, relative to school-starting age, the lower the observed quality they 

experience. These gradients are more pronounced for children from low SES 

backgrounds due to lower quality experienced at earlier ages. By school age, the 

observed quality trajectories converge. Such gradients have significant implications for 
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the potential effectiveness of ECEC programs, particularly their ability to ameliorate 

disadvantage. Substantial literature points to the earliest years (e.g., from birth to age 

three) as those where the greatest neurological development occurs (Shonkoff & Levitt, 

2010) and where there is the greatest opportunity for intervention on human capital 

formation (Conti & Heckman, 2012; Cunha & Heckman, 2009). Experimental evidence 

indicates that high-quality early interventions have significant and long lasting effects 

when targeted at very young (e.g., toddler-age) children (Duncan & Sojourner, 2013; 

Ramey et al., 2000; Schweinhart, 2005).  

Of particular note for the observed quality gradients is the influence of other 

selection variables. For children from low SES backgrounds, community variables drive 

most of the influence on the observed growth factors. For example, both higher SES and 

greater availability of ECEC in the local neighbourhood are associated with higher 

quality Instructional Support experiences for children from low SES households. In 

comparison, for children from mid and high SES backgrounds, child and ECEC 

characteristics are associated with experiencing higher-level aspects of quality known to 

make a difference to cognitive development. Children from mid SES backgrounds, for 

example, experience greater ECEC quality when they have higher IQs, fewer 

behavioural problems, and participate in programs with fewer children for each adult 

present. Similarly, these children experience most consistent quality (and higher than 

their low SES peers) when they participate in kindergarten programs at entry to the 

study (that is, children in kindergarten programs experience higher initial quality 

because of the observed quality difference between long day care and kindergarten 

programs (see Tayler et al., 2013) and the improved adult-to-child ratios observed in 

this study). Findings that relate the characteristics of the child to ECEC program 

preferences for more affluent families are consistent with findings in the US about the 

propensity to use any formal ECEC programs (Kim & Fram, 2009). 

This finding provides compelling evidence for targeting quality improvement 

efforts for youngest-aged children. ECEC programs serving toddler age and pre-

kindergarten aged children are potentially the programs with the most to offer in terms 

of contributing to children’s developmental outcomes and ameliorating disadvantage, 

however they are also the programs observed at the lowest quality ratings, and they are 

the programs that are not subject to Australian ‘universal access’ policy initiatives. 
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Focused attention should be put to raising the quality of these programs, at a minimum, 

to the same level as those observed for kindergarten- and school-aged children. Again, 

particular focus must be given to children from the lowest SES backgrounds as these 

children experience the biggest quality differential as they move to new ECEC 

programs over time. As suggested above, adequate measurement of the active 

ingredients of program quality to assure cognitive development is required if change 

through the existing quality improvement agenda is to be effective. 

Limitations and Future Research. The study is observational and therefore 

non-experimental design. This is, however, allows the observation of real-world 

decision making of parents in selecting into ECEC program quality over three years. 

Nevertheless there remain limitations in being able to identify the independent effect of 

the selection variables identified given the relationships amongst them (e.g., 

neighbourhood and family SES). For example, while there is a relationship between 

child IQ and selection into higher quality programs, the direction of causality, if any, is 

unclear: do families act responsively to select higher quality programs for their more 

intelligent children or does higher program quality cause children to have higher 

observed cognitive abilities (or is some unobserved correlate not observed)? These 

findings highlight the importance of controlling for these effects when estimating the 

relationship between quality and outcomes in future studies. Further, it is unclear 

whether these variables identified represent the conscious decision making of parents or 

whether they operate through some other process. For example, do families from low 

SES backgrounds actively prioritise lower quality, or simply opt into lower priced 

programs that tend to be lower quality. Alternatively, is locality so important that in 

attending ECEC programs near to home, families living in low SES areas simply tend to 

experience lower ECEC program quality? 

When the sample estimates were re-weighted to produce child-level population 

estimates it was observed that the proportion of children who experience high-quality 

programs (child-level) is lower, on average, than the proportion of high-quality 

programs (program-level). This suggests that higher-capacity (total enrolment) 

programs are systematically lower on ratings of ECEC quality. Such a finding is 

consistent with earlier findings in Australia that long day care programs (relative to 
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kindergarten programs) are rated lower on standard measures of ECEC quality (Tayler 

et al., 2013): long day care programs tend to have larger licensed capacities.  

Finally, there is potential for research into the agreement between standard 

measures of ECEC quality and the measure used to assess the National Quality 

Standard. For the regulatory and monitoring system to deliver on the quality 

improvement agenda, and perhaps the specific targeting of programs for lower-aged 

children in lower SES areas, it must be able to demonstrate the kind of changes that 

would be associated with lifting children’s developmental outcomes. Without this 

measurement power, there is little ability for the ECEC market to deliver on its potential 

to ameliorate disadvantage and contribute to the learning and developmental outcomes 

of all children. 



 172 

Chapter 6: Cognitive development trajectories of 
children in ECEC Programs in Australia: Effectiveness 

and equity (Study 3). 
An adapted version of this chapter is in draft for submission to the American 

Educational Research Journal. Earlier findings have been presented at conferences 

(Cloney & Adams, 2014) and the analytic approach was developed in parallel with the 

growth modelling published in related study outputs (E4Kids, 2014b; Tayler et al., 

2015). 

Abstract 
There is compelling evidence that high-quality early childhood education and 

care (ECEC) programs can act to narrow achievements gaps attributed to family 

socioeconomic status (SES). The everyday ECEC market, however, does not appear to 

deliver these significant gains. This study uses data from an Australian sample of 2494 

children attending everyday ECEC programs over a three year period to look at the 

contribution ECEC program quality make to children’s cognitive development and 

whether ECEC programs act to narrow SES related gaps. Children enter the study at age 

three and four (M = 43 months, SD = 7 months). SES achievement gaps are observed at 

entry and exit to the study for both children’s Verbal Ability and early mathematical 

knowledge. Children from low SES backgrounds are almost 10 months behind their 

more advantaged peers at entry to school on Verbal Ability. The SES related gap 

narrows for children’s early mathematical knowledge but this is related to higher SES 

children regressing to the mean rather than children from low SES backgrounds 

catching up. Linear growth models (LGM) demonstrate small positive effects for 

Instructional Support on children’s cognitive development. The effects however are 

small and constant across the sample: there is no evidence that children from low SES 

backgrounds catch up to their peers. This study makes important contributions to the 

knowledge about the level of quality in everyday ECEC programs, the cognitive 

developmental trajectories of children before school, and the effect ECEC programs 

have on children’s cognitive development. Substantial improvement in quality related to 

Instructional Support is required to increase the effect ECEC programs have on 
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children’s cognitive development outcomes. Targeted interventions may be required to 

ensure children from low SES backgrounds are exposed to highest quality Instructional 

Support in order to narrow cognitive achievement gaps. 
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High-quality ECEC programs, under experimental conditions, have significant 

effects on children’s development that compound over time and are realised as 

improved adult outcomes (Ramey et al., 2000; Schweinhart, 2005). High-quality early 

investments on disadvantage are seen as particularly efficient relative to later 

remediation (Cunha & Heckman, 2009). High-quality ECEC programs even have the 

potential to close income-based SES gradients (Duncan & Sojourner, 2013). Because of 

these substantial potential benefits, governments invest in ECEC programs. In OECD 

countries, investment in ECEC programs is growing (Organisation for Economic Co-

operation and Development, 2006, 2014b; Productivity Commission, 2015). It is, 

however, clear that typical ECEC programs in everyday markets of wealthy liberal 

democracies (including the US and Australia) are not delivering benefits of the 

magnitude observed in experimental studies. Income and demographic-based 

inequalities and gradients are at best constant in Australia (Ainley & Gebhardt, 2013; 

Lamb et al., 2015) and widening in the US (Corak, 2013b; Reardon, 2011; Reardon & 

Bischoff, 2011).  

One explanation is that the children who come from low-income or other 

vulnerable backgrounds are not exposed to the kind of high-quality programs that 

deliver significant benefits. US evidence suggests that low-income neighbourhoods 

have fewer ECEC programs available in them (Small & Stark, 2005) and new evidence 

from Australia demonstrates lower quality ECEC programs in low socioeconomic status 

(SES) neighbourhoods (Cloney, Cleveland, Hattie, & Tayler, 2016). Another potential 

explanation is that the kind of ECEC program quality being promoted or regulated does 

not cause developmental outcomes in the specific developmental domains of interest. 

Regulatory and quality monitoring frameworks have only modest relationships at best 

with promoting children’s development outcomes (Sabol et al., 2013). In the case of 

cognitive outcomes, there is strong evidence from the US that measures that capture 

direct instruction have influences on outcomes while those that capture emotional or 

organisational aspects of classrooms have zero or negative effects (Hamre et al., 2014; 

National Institute of Child Health and Human Development Early Child Care Research 

Network & Duncan, 2003). A final potential explanation is that ECEC programs are 

simply not of the level of quality that would produce significant benefits. US evidence 

suggests that there are minimum thresholds below which only small or no effects are 
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observed (Burchinal et al., 2010). Certainly the available research from the US suggests 

modest effects for the observed quality in everyday ECEC programs at best (Burchinal 

et al., 2008; Hamre et al., 2014; National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003).  

There is, so far, little quantitative evidence about the level and effects of quality 

in everyday ECEC programs in Australia. There appear to be small positive effects for 

attending ECEC programs (Coley et al., 2014). A number of studies, however, have 

identified the significant gap in knowledge related to ECEC quality and its association 

with children’s development (Coley et al., 2014; Coley et al., 2013). Studies have also 

identified an absence of prevalence studies that describe the level of ECEC quality in 

everyday programs in Australia and the patterns of use of ECEC quality (Baxter & 

Hand, 2013). What is known is that ECEC quality in Australia is similar to countries 

like the US and the UK (Tayler et al., 2013), that families from higher SES backgrounds 

have higher quality ECEC programs available to them (Cloney, Cleveland, Hattie, & 

Tayler, 2016), and that children’s propensity to use high-quality ECEC programs is 

strongly related to family SES and other characteristics (Tayler & Cloney, 2016). 

This study addresses these gaps in the literature by using data from a study 

designed specifically to estimate the effectiveness of ECEC program quality in 

everyday ECEC programs in Australia. This study captures aspects of program quality 

that are related to children’s cognitive outcomes and that have not been previously 

systematically observed in Australia. This study aims to estimate the cognitive 

development trajectories of young children in Australia, to identify the contribution 

made by ECEC program quality, and to find whether SES achievement gaps are 

narrowing. This study builds on recent research and estimates the effects of ECEC 

quality while controlling for factors affecting access to high-quality ECEC programs 

such as measures of the availability of programs in local neighbourhoods. 

Background 
For school age children there is compelling evidence of persistent SES-related 

gaps in educational outcomes. Children with lower SES backgrounds, when they enter 

school in Australia are rated by their teachers to be less prepared for school (Lamb et 

al., 2015) and have poorer academic outcomes that do not narrow over time (Ainley & 

Gebhardt, 2013). There are no population level data that measure children’s cognitive 
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development before school. Smaller, sample-based research consistently shows the 

existence of SES related gaps for low SES participants (Duncan & Sojourner, 2013; 

Ramey et al., 2000). Sample-based research in Australia has shown that low SES 

children are more likely to perform poorly on assessments of cognitive ability and 

children from low-performing groups are unlikely to catch up by the time they reach 

school (Tayler et al., 2015). These findings are consistent with US studies that identify 

SES-related gaps early in children’s lives on a range of cognitive and academic 

measures (Duncan & Sojourner, 2013). 

Intervening on SES related achievement gaps. SES achievement gaps are 

narrowed by ECEC programs because of heterogeneous treatment effects. Children 

from less advantaged backgrounds benefit proportionally more than their more 

advantaged peers and differences therefore, narrow. For example, in the US, children 

from very low income families who attended pre-kindergarten had greater math and 

reading ability gains than their more advantaged peers (Magnuson et al., 2004). 

Similarly, random allocation to a high-quality (Abecedarian-like in this case) child care 

program for children aged two and three caused SES gradients to be completely 

ameliorated in the short term and reduced into primary school (Duncan & Sojourner, 

2013). An IQ difference at age two of 1.35 SD between low-income and high-income 

children was narrowed by 75 per cent by high-quality child care. At age 5 the gap was 

narrowed by 101 per cent. Age eight math and reading gaps were narrowed by between 

80 and 90 per cent (Duncan & Sojourner, 2013). It is, hitherto, unknown whether 

children from low SES backgrounds in Australia benefit proportionally more from 

ECEC programs quality. However, studies looking simply at the participation in ECEC 

programs did not find a moderating effect for SES (Coley et al., 2014). 

To narrow SES achievement gaps, quality must be high enough to have an 

effect. One of the arguments to explain the modest effects of ECEC program quality in 

contemporary studies relative to the RCTs of the 1960s is that the quality in these recent 

studies is relatively lower. As an example, meta-analysis reports a modest average 

effect size of 0.12 for quality on child outcomes (academic/cognitive, language and 

social) (Burchinal et al., 2011) while effect sizes in the Abecedarian study (on IQ) are 

greater than one (Ramey et al., 2000). There is also evidence that the relationship 

between quality and developmental outcomes is non-linear: in pre-kindergarten 
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classrooms in the US, Instructional Support predicted language ability only above the 

threshold of 3.25 (on a seven point scale) (Burchinal et al., 2010). This is not a level of 

ECEC quality typically observed in everyday ECEC programs in Australia or the US 

(Tayler et al., 2013) 

Another key element necessary to narrow achievement gaps is that the kind of 

ECEC quality deployed must play a causal role in affecting the development outcome of 

interest. The very broad, multifaceted idea of ECEC quality does not mean that all 

aspects of ECEC quality will have an equal impact on cognitive development. In the 

US, the dominant quality improvement initiatives have focused on direct instructional 

quality to improve children’s language and cognitive outcomes (Scott-Little, Kagan, & 

Frelow, 2006). Studies show that pedagogy related to the development of concepts, 

quality of feedback and modelling of language (CLASS Instructional Support) is related 

to cognitive and academic outcomes whereas other aspects of ECEC quality are not. For 

example, other very common measures of ECEC programs quality are reported as not 

being correlated with cognitive development. The Early Childhood Environment Rating 

Scale – Revised (ECERS-R), for example, is reported as being unrelated to children’s 

cognitive and academic outcomes (Gordon et al., 2013)20. Even within the CLASS, 

Emotional Support was negatively related to inhibitory control and Classroom 

Organisation was unrelated with children’s cognitive outcomes (Hamre et al., 2014). It 

is imperative, therefore, that there are strong theoretical and empirical linkages between 

the aspects of ECEC quality interrogated and the development outcome of interest.  

Do Australian ECEC programs contribute to narrowing SES-related 

achievement gaps? The effect of everyday ECEC program quality on children’s 

cognitive development in Australia is mostly unknown (Baxter & Hand, 2013). There is 

some limited evidence that attending everyday ECEC programs has positive 

developmental effects, though these findings do not control for ECEC program quality 

(Coley et al., 2014; Coley et al., 2013). What is likely is that the level of Instructional 

Support quality observed in Australian ECEC programs is low and similar to levels seen 

in the US with very few (fewer than 1 per cent) programs being described as being 

                                                
20 Some studies, using custom measurement models selecting a specific subset 

of items form the whole measure, have reported positive relationships between the 
ECERS-R and cognitive outcomes (Burchinal et al., 2008). 
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high-quality (Tayler et al., 2013). Further, children face a double jeopardy in accessing 

high quality instructional environments. Not only are families from low SES 

backgrounds more likely to live in areas where there are fewer programs (Brooks-Gunn, 

2003; Small & Stark, 2005) , and more likely to not use formal ECEC programs 

(Harrison et al., 2010), but when they do, these areas have, on average, lower quality 

programs available (Bassok & Galdo, 2016; Cloney, Cleveland, Hattie, & Tayler, 

2016). For example the mean level of Instructional Support observed in Australia was 

2.05 (SD = 0.63) and children in the lowest SES areas (relative to the two top quintiles) 

experienced 0.23 – 0.26 points lower again (Cloney, Cleveland, Hattie, & Tayler, 2016). 

This puts the level of Instructional Support around half the threshold suggested in 

Burchinal et al. (2010). Overall, it appears unlikely that Australian ECEC programs are 

contributing to narrowing SES achievement gradients. 

Aims. There are well-established school-age SES gradients for cognitive 

outcomes. In Australia, these gradients are stable over the short term with no evidence 

of them reducing over time (Ainley & Gebhardt, 2013). The evidence about when these 

cognitive gradients emerge is less clear. Studies in Australia have identified variability 

in cognitive outcomes in the two to three year old age group that persist into school 

(Tayler et al., 2015). Studies from the US indicate that high-quality ECEC programs 

have the potential to narrow these gaps in the short and medium term: into the first few 

years of primary school (Duncan & Sojourner, 2013). There is no large-scale Australian 

research to identify the extent to which everyday ECEC programs are narrowing SES 

gradients. This study uses the first large collection of data using CLASS Instructional 

Support to look specifically at the impact of ECEC programs on children’s cognitive 

development. 

 Research questions. This section addresses three research questions: 

1. What do the developmental trajectories of children look like across the years 

prior to entering school? Are SES achievement gaps observed for cognitive 

developmental outcomes in the years prior to school? 

2. Is ECEC program quality associated with positive developmental gains, 

controlling for key selection variables? 
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3. Do children from low SES backgrounds have positive cognitive gains caused 

by their participation in ECEC programs? Do children from low SES 

backgrounds catch up to their more advantaged peers? 

Method 
This section describes the samples used, measurement and instrumentation, and 

the analytic strategy. Some of the methodological approach used in this study is similar 

to the study presented in the previous chapter. Where, for example, the same 

measurement instrument was used in this and the previous study the reader will be 

directed to the previous chapter for information about the distribution in this sample and 

reliability and validity more generally. 

Samples. The data are drawn from the E4Kids study and the properties of the 

sample were described in the method section of the previous chapter. 2494 children 

enter the study at a mean age of 43 months (SD = 8 months) and are longitudinally 

assessed over three years. This study models children’s cognitive outcomes 

longitudinally over three years (2010 – 2012). Information about the cognitive 

assessments used is given in the instrumentation section below and counts of the 

observations are given in Table 23. For more information about the longitudinal study, 

see Tayler, Ishimine, Cloney, Cleveland, and Thorpe (2013). 

Weighting methodology. Observations for the statistical analysis in this study 

are re-weighted to account for the complex survey design. Re-weighting allows the 

parameter estimates to be generalised to the population of children attending ECEC 

programs in Victoria and Queensland. The methodology used to calculate weights 

reflects the standards of best practice for analysing complex survey data described in 

large international studies of educational achievement (Adams & Wu, 2002; Joncas & 

Foy, 2012). An in-depth discussion of the sampling and weighting methodology is 

available in the Methods chapter of this thesis. 

Instrumentation. This study utilises two widely used and well-validated 

measures of ECEC quality. Supporting this is a suite of child, family, home, and 

community variables that are considered likely to associate with family choices about 

ECEC quality. 

 Measures of children’s cognitive development. The two outcome measures 

used in this study are from the Woodcock Johnson III (WJIII). The Verbal Ability (VA) 
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clusters, and Applied Problems (AP) test are used. These measures can be said to be 

generally analogous to receptive and expressive language, and quantitative/maths ability 

respectively. Both measures are explicitly identified by the authors of the WJIII to be 

developmentally appropriate for children as young as two years of age.  

VA is made up of four subtests: Picture Vocabulary, Synonyms, Antonyms, and 

Verbal Analogies. VA captures both verbal and receptive language and is predictive of 

oral language ability as well as academic performance (Mather & Woodcock, 2001b). 

In the age two to four range, it has a high reliability (rcc ranges between 0.88 and 0.93). 

Construct validity, as measured by agreement with other tests is also high, with 

correlation with the Wechsler Intelligence Scale for Children III Verbal Comprehension 

scale equal to 0.78 and the DAS measure of Verbal Ability of 0.69 (McGrew & 

Woodcock, 2001). 

AP is the one measure from the Broad Maths cluster of the WJIII identified as 

age-appropriate for children ages two and three years of age. AP measures the CHC 

broad ability of quantitative knowledge and assesses mathematical operations and the 

ability to process information (including erroneous information) to solve maths 

problems (Mather & Woodcock, 2001a). In the age two to four range, AP has a high 

reliability (rcc ranges between 0.92 and 0.94) (McGrew & Woodcock, 2001). 

To control for the varying age of children and the fact that WJIII tests are scored 

on a continuous Rasch-like scale (W), each child, at each time point of assessment, is 

given a score that represents their deviation from the expected score for their month of 

age (normative data). Children who score zero are achieving at the level of ability 

expected at their age while those who score less than zero and more than zero are 

achieving lower and higher than expected at their age respectively. Therefore the 

expected trajectory for children in the study is to score zero at each time point and have 

a gradient of zero. The asymmetrical standard deviations (SD) for the age norm for each 

month of age (within the age range of this study (min = 12 months, max = 68 months) is 

8.2 (lower) and 12.2W (upper) for VA and 29.9 (lower) and 21.6W (upper) for AP. The 

mean change in expected W score for increasing by one month in age is 0.98W for VA 

and 2.14W for AP (McGrew, personal communication, 26 May 2013). An important 

note is that the Australian normative data is based on US data up to age 48 months and 

Australian data after this point (up to age 18 – outside the scope of this study). Curve 
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smoothing is used to ensure a smooth transition between the Australian normative data 

and the Australian normative data derived from US values (McGrew, 2008). Table 23 

illustrates that the mean WJIII scores start above the expected score for the month of 

age (e.g., 4.44 W for VA in 2010) and decline to be below the expected score for the 

month of age (e.g., -1.13 W for VA in 2012.  

Measures of ECEC program quality. ECEC inputs are measured using two 

standard measures: the Classroom Assessment Scoring System (CLASS) and The Early 

Childhood Environment Rating Scale - Revised (ECERS-R). One domain of each is 

used: CLASS Instructional Support (Pianta et al., 2008) and The Early Childhood 

Environment Rating Scale - Revised (ECERS-R) Activities (Harms et al., 1998).  

Instructional Support, rather than the other two CLASS factors, shows positive 

associations with academic achievement in language and literacy outcomes in plausibly 

casual models (Hamre et al., 2014). The Activities sub-scale is included as it is 

considered to provide a broader snapshot of ECEC program characteristics and the 

curriculum content that supports learning (e.g., the modalities and subject content 

available to children). Activities is less well established as a casual factor in cognitive 

development. ECERS-R as a composite has positive relationships with cognitive 

outcomes in some studies (Burchinal et al., 2008) and no effects in others (Gordon et 

al., 2013). Information regarding the scoring of the CLASS and the reliability of all the 

scales used can be found in the previous chapter and in Appendix B.  

Measures of family selection. It is important to distinguish empirically between 

child development effects that are due to parent, family and neighbourhood inputs and 

those that are due to ECEC quality and experiences. Families that offer richer inputs to 

their children’s development may also be those who are more willing and able to access 

high quality ECEC programs, so that home inputs and ECEC inputs are correlated. This 

study uses a number of background variables to control for important features of the 

child, family, home, and local community that are likely related to the propensity to use 

higher quality ECEC programs and also to the developmental outcomes of children. In 

other words, using the conceptual approach of earlier large US studies, this study 

captures a plausibly complete set of selection variables and organises them within the 

groups of child, family, home, community, and ECEC variables (Duncan & Gibson-
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Davis, 2006; National Institute of Child Health and Human Development Early Child 

Care Research Network, 2003).  

Child level variables. General cognitive ability, analogous to IQ or the g factor 

in the three-stratum model of cognition, is measured using the Brief Intellectual Ability 

(BIA). The BIA is a cognitive performance cluster made up of the Woodcock Johnson 

III (WJIII) subtests Verbal Comprehension, Concept Formation, and Visual Matching. 

These subtests are explicitly identified by the authors of the instrument to be 

developmentally appropriate for children as young as two years of age. It is widely used 

in research as a short-form intelligence battery (Mather & Woodcock, 2001b). In the 

age three to four range, the BIA has high reliability (rcc > 0.921). Construct validity, as 

measured by agreement with other tests is also high, with correlation with the 

Differential Ability Scales (DAS) measure of General Conceptual Ability of 0.7 

(McGrew & Woodcock, 2001). 

Child behavioural symptoms are assessed using the Total Difficulties scale of 

the Strengths and Difficulty Questionnaire (SDQ) (Goodman, 1997). Child 

temperament is assessed using the Short Temperament Scale for Children (STSC) (Prior 

et al., 2000; Sanson et al., 1994) using the Persistence subscale Other measures used at 

the child level include child gender, as indicated by parents (male, female). More 

information about these measures can be found in the previous chapter. 

Family level variables. Family SES is a key indicator of interest in this study. A 

single measure of SES is derived based on family occupational status, school education 

and non-school education. To compliment this, a second measure of the household 

income as a proportion of the Henderson poverty threshold is used. More information is 

available in the previous chapter as well as the Methods chapter of this document. 

Additional family-level measures are also included. The main caregiver’s 

depressive and anxiety symptoms are measured using the Kessler 10  (K10) (Kessler et 

al., 2003). The parent’s migration background is indicated by self-report (was or was 

not born in Australia). 

                                                
21 Where rcc is given by the ratio of true score variance to observed score 

variance and true score variance is estimated by the observed variance less the square of 
the standard error of measurement. 
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Home level variables. The measure of the home learning environment (HLE) 

used is a short form adapted from the measure used in the Early Childhood Longitudinal 

Study (ECLS) (Gershoff et al., 2007). Ten items indicate two measures: direct teaching 

(formal learning guided by parents), and indirect learning (informal learning that occurs 

during activities in and outside home). For more information see Niklas, Nguyen, 

Cloney, Tayler, and Adams (2016). 

Community level variables. The availability of ECEC programs to the family in 

their local area is measured using the ratio of licensed ECEC capacity to resident 

children aged one to five years in the neighbourhood. Community SES is measured 

using SEIFA IRSAD (Pink, 2008). More information regarding these measurers is 

available in the previous chapter. 

ECEC level variables. In addition to the key outcome variables of this study 

(ECEC program quality – described above), there are some additional ECEC variables 

of interest. These, like the variables above, are plausibly associated with the family 

selection of quality. The first is the parent report of all hours of use of formal ECEC 

programs in a typical week. Dosage is an important mediator in the quality and 

cognitive development relationship (Gilley et al., 2015). The second relates to the hours 

of use of informal care. This may be relative care (e.g., grandparent) or informal 

programs (sometimes known as backyard care). In this study, we use a parent-report 

measure of the number of hours of informal ECEC used typically (i.e., most weeks) by 

the family each week. Informal care use has been associated with negative 

developmental outcomes (Bernal & Keane, 2011) 

Analytic approach. Both descriptive and statistical analysis is used to answer 

the research questions. The general modelling approach for longitudinal analysis is 

linear growth models (LGM). A benefit of this approach is that LGMs minimise the 

“impact of autoregressive effects that limit our ability to detect effects of child-care 

quality on subsequent development” (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003, p. 466). All LGMs fit in this 

study use the same approach and basic specification. LGMs for VA and AP are fit 

simultaneously to estimate the correlation between the intercept and slope terms. All 

models are fit so the intercept growth factor is the last point of assessment (i.e., 2012). 
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One linear slope growth factor is fit22 using the two earlier time points expressed as 

negative integers: the number of whole months before the last assessment. The value of 

the two earlier time points of assessment are allowed to vary between children to 

account for varying times of cognitive assessment (e.g., children were tested on a 

random day in the first half of the year). This is done using the TSCORES function in 

MPlus Version 7.2 (Muthén & Muthén, 1998-2012). The time points are rescaled so 

that the slope growth factor parameter estimates (e.g., the mean) can be interpreted as 

the change over the duration of the study period. For example, the mean of the slope 

growth factor would represent the change in W units over the period of the study (2010-

2012). Traditional fit statistics (e.g. SEM-family fit statistics like RMSEA23) cannot be 

calculated for this specification of LGM as the TSCORES function does not solely rely 

on model mean, variance, and covariance matrices for model estimation (Wu et al., 

2009). Model specification is assessed, instead, by comparing information functions 

between nested models (e.g., Bayesian information criterion (BIC)) to identify models 

with lowest information loss, penalised for model complexity (Raftery, 1995). 

Research question one. The first research question asks about the observed 

development trajectories of children in the years leading into school. Unconditional 

LGMs are fit to describe the level (intercept) and rate of linear change (slope) of VA 

and AP over the three years of the study. The first LGM is unconditional for all 

participants. Subsequently two multiple group LGMS are fit to test if levels of ability 

and rates of growth vary by family SES and ECEC program quality. Because of the 

model specification, the difference in the intercepts between groups represents the 

cognitive achievement gap at the end of the study. In each model, equality constraints 

are imposed on the means and slopes between groups to provide a statistical test of 

whether the difference is non-zero. The trajectories are plotted (approximately) for all 

models and the statistical tests are provided in a table represented as the change in 

cognitive ability compared to the “low” group for both SES and ECEC program quality. 

Research question two. The second research question asks whether ECEC 

program quality is associated with cognitive development. Cross sectional regression 

                                                
22 With three time points of assessment, higher-order slope growth factors (e.g., 

quadratic) are not identifiable. 
23 Root mean square error of approximation, see (Wu, West, & Taylor, 2009) 
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(maximum likelihood with robust standard errors in Mplus version 7.1 (Muthén & 

Muthén, 1998-2012)) models are fitted estimating the conditional effect of Instructional 

Support and Activities on children’s cognitive outcomes. A full suite of covariates is 

included to control for selection and continuous covariates are grand-mean centred. 

Parameters are reported as standardised for both x and y and can therefore be interpreted 

as conditional effect sizes. Tests of multicollinearity are also conducted and predictors 

with generalised variance-inflation factors (GVIF1/(2*DF)) greater than two24 are 

candidates for omission from the models (Fox & Monette, 1992; Fox & Weisberg, 

2011). Model R-square is reported, as these models do not account for the varying times 

of assessment between children. Significant predictors are then checked for interactions, 

especially focusing on SES interacting with other predictors. Any significant 

interactions are then included in the final suite of covariates. 

The unconditional single-group LGM described above is then extended to 

include the final suite of covariates in the cross-sectional regression models. Both time 

invariant and time-varying covariates are included in the final model. Specification of 

the models follows the theoretical framework of earlier large non-experimental designs 

interested in estimating the effect of ECEC program characteristics on child 

development (Blau, 1999; Duncan & Gibson-Davis, 2006; National Institute of Child 

Health and Human Development Early Child Care Research Network & Duncan, 2003). 

Beginning with the linear function explaining the developmental outcome (Y) of child i 

at time t with the additive inputs of a vector of covariates representing: (1) the child’s 

latent characteristics (CHILD), (2) familial resources (FAM), (3) home environment 

inputs from birth to time t (HOME), and (4) outside-the-home education and care 

experiences from birth to time t (ECEC). Based on earlier work in this thesis a vector of 

covariates representing the resources in the local community (COM) is also included. 

This is expressed heuristically as Equation 13. 

 
Equation 13 

!"# = %& +	)&*+,-." +	)/012" +	)3+425"# +	)65*5*"# + )7*42" +	8" 
 

                                                
24 This is a conservative equivalence to the variance-inflation factor (VIF) 

threshold used in OLS regression (Dormann et al., 2013). 
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This is generalised to the LGM framework (Equation 9, Equation 10, and 

Equation 11) so that xt represents the time of the observation, η0 and η1 represent the 

growth factors for intercept and slope respectively, γ1 and γ2 represent the effects for the 

time-dependant predictors on the outcome at time t. In these equations, γ3 through γ8 

represent the effect of the time-invariant predictors on the growth factors. Finally, eit, ζ0i 

and ζ0i are residuals that are normally distributed (ζ0i and ζ0i covary and eit is 

independent of both). This generalisation of Equation 13is represented in Equation 9, 

Equation 10, and Equation 11. It should be noted that in this study, the measures in the 

HOME vector are observed only in 2010 and are modelled as time-invariant. 

 
Equation 14 

!"# = 9:" +	9&";# +	<&#5*5*"# +	</#+425"# + 8"# 
Equation 15 

9:" = 	%: +	<3*+,-." +	<6012" + <7*42" + =:" 
Equation 16 

9&" = %& +	<>*+,-." +	<?012" + <@*42" +" =&" 
 

The equations above are summarised in the path diagram in Figure 14. Of note 

here is the assumption that ECEC program inputs in earlier years can affect later 

cognitive outcomes. For example, program quality in 2010 has an influence on VA in 

2011 and 2012. Note, that covariances between predictors have been omitted but are 

estimated. 
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Figure 14. Path diagram illustrating conceptual model presented in above equations (note, 

that “cognitive” is the outcome Y in the above equations, for example Verbal Ability).. 

 

Given this model specification, the effect of ECEC program characteristics on 

cognitive development can be estimated with the effect of child, family, home, and 

community predictors factored-out of the growth part of the model. In this way, the 

effects are plausibly causal in the absence of significant omitted variable selection bias 

(Duncan & Gibson-Davis, 2006; National Institute of Child Health and Human 

Development Early Child Care Research Network & Duncan, 2003) 

Research question three. The final research question asks whether children from 

low SES backgrounds are at equal developmental levels at the end of the study when 

compared to their more advantaged peers. Depending on the findings from research 

question one, this may mean that they start behind children from higher SES 

backgrounds and accelerate back to overcoming the expected SES gap. To test this, the 

estimates from the unconditional growth models will be interpreted. Is there a 

significant difference between intercepts in unconditional model factored by family SES 

(a significant difference here represents an absolute cognitive achievement gap by 

family SES)? Then, the conditional LGM will be interpreted: is there a significant effect 

for family SES on the slope term for either cognitive outcome? Importantly, is there an 
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interaction between family SES and ECEC quality? A significant interaction term 

would indicate that, for different levels of family SES, there is a stronger or weaker 

correlations between ECEC program quality and children’s cognitive outcomes. 

A note on missing data. Multiple imputation is used in the statistical analysis 

addressing hypothesis two and three. Data are assumed to be missing at random (MAR) 

so that missingness can be a function of observed covariates and the response 

variable(s) (van Buuren & Groothuis-Oudshoorn, 2011). Imputations are made by 

Chained Equations using the mice package in R allowing for the clustered data and 

using predictive mean matching� for continuous variables, logistic regression for binary 

(unordered) data, and ordered logit models for ordered categorical data (van Buuren & 

Groothuis-Oudshoorn, 2011).  

Results 
Descriptive statistics are given in Table 23. Correlation matrices are given for 

each study year as supplementary materials in Appendix E. As noted above, in the 

methods section, the scaling of the continuous variables are such that the WJIII 

outcomes are expected to be equal to zero (the expected level of ability for age of 

month). Family SES and HLE measures are expected to centre on zero. The CLASS 

scores are factor scores derived from the measurement work in Appendix B. The other 

measures are scaled as per the instrument manuals. 
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Table 23. Description of variables used in this study. 

Group Variable name 
n in ref 

category Mean SE 
lower 95% 

CI 
upper 95% 

CI % missing 

Outcomes WJIII* Verbal Ability 2010 . 4.44 0.62 3.22 5.66 15 

 
WJIII* Applied Problems 2010 . 3.18 1.04 1.14 5.21 17 

 
WJIII* Verbal Ability 2011 . 3.11 0.63 1.88 4.35 17 

 
WJIII* Applied Problems 2011 . 0.62 0.79 -0.92 2.16 23 

 
WJIII* Verbal Ability 2012 . -1.13 0.62 -2.35 0.09 21 

 
WJIII* Applied Problems 2012 . -1.35 0.67 -2.68 -0.03 25 

Child level 
Child gender  
(0 = male) 1294 . . . . 0 

 
Child age (months at Jan 2010) . 43.76 0.39 42.99 44.52 1 

 
SDQ# total behavioural difficulties . 12.63 0.10 12.44 12.82 33 

 
WJIII* Brief Intellectual Ability  . 2.09 0.56 1.00 3.18 16 

 
STSC± Persistence . 11.40 0.10 11.21 11.59 39 

Family level Family Socio Economic Status . 0.07 0.04 0.00 0.14 41 

 
Household income relative to need . 2.53 0.07 2.38 2.67 31 

 
Main caregiver depression and anxiety . 14.77 0.12 14.53 15.01 33 

 

Main caregiver migration background  
(0 = born in Australia) 1495 . . . . 22 

Home level HLE@ Indirect Learning . 0.08 0.06 -0.03 0.20 32 

 
HLE@ Direct Teaching . -0.04 0.01 -0.06 -0.02 32 

ECEC level CLASS+ Instructional Support 2010 . -0.93 0.17 -1.28 -0.59 3 

 
ECERS-R& Activities 2010 . 3.62 0.07 3.48 3.76 4 

 

Hours per week in ECEC^ programs 
2010 . 22.41 0.55 21.32 23.49 37 

 

Child to Adult Ratio in ECEC^ program 
2010 . 8.00 0.21 7.59 8.42 7 

 
Hours per week in Informal Care 2010 . 4.16 0.21 3.75 4.57 39 

 

Child enrolled in any kindergarten 
program 2010  
(0 = yes) 1834 . . . . 25 
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CLASS+ Instructional Support 2011 . -0.15 0.11 -0.36 0.06 11 

 
ECERS-R& Activities 2011 . 3.41 0.04 3.33 3.49 22 

 

Hours per week in ECEC^ programs 
2011 . 11.81 0.81 10.23 13.39 51 

 

Child to Adult Ratio in ECEC^ program 
2011 . 10.10 0.22 9.67 10.53 27 

 
Hours per week in Informal Care 2011 . 3.16 0.19 2.78 3.54 49 

 

Child enrolled in any kindergarten 
program 2011 
(0 = yes) 1026 . . . . 20 

 
CLASS+ Instructional Support 2012 . 0.21 0.06 0.09 0.32 21 

 
ECERS-R& Activities 2012 . 3.08 0.03 3.01 3.15 47 

 

Hours per week in ECEC^ programs 
2012 . 1.96 0.28 1.41 2.50 59 

 

Child to Adult Ratio in ECEC^ program 
2012 . 14.76 0.20 14.37 15.16 62 

 
Hours per week in Informal Care 2012 . 2.62 0.16 2.30 2.93 59 

 

Child enrolled in any kindergarten 
program 2012 
(0 = yes) 162 . . . . 16 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 491 . . . . 2 

 

Community Socio Economic Status 3rd 
quintile 487 . . . . 2 

 

Community Socio Economic Status 4th 
quintile 483 . . . . 2 

 

Community Socio Economic Status 5th 
quintile 488 . . . . 2 

  Availability$ of local ECEC programs   0.83 0.02 0.79 0.87 6 
 

Unless otherwise stated, observations made in 2010 
+ Classroom Assessment Scoring System 
& Early Childhood Environment Rating Scale - Revised 
^ Early Childhood Education and Care Classrooms (including school) 
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± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 
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The pooled results (20 imputations) for the cross-sectional regression models are shown in 

Table 24 (VA) and Table 25 (AP). Model R-square is relatively high ranging from 0.34 to 0.62 and 

all models F tests are statistically significant. Across the six models, the minimum, maximum, and 

mean value for Schafer’s rate of missing information is 0.14, 0.62, and 0.35 respectively. The raw 

rates of missing data are given in Table 23. Given this, the use of 20 imputations produces a rate of 

efficiency of greater than 99 per cent, relative to an (approaching) infinite number of imputations 

(Schafer, 1997). Where predictors are significant, higher-order interactions are tested. No 

interactions were significant. Of particular note, none of the interactions for quality and family SES, 

or quality and hours attended were significant implying constant relationships across levels of 

family SES and hours of ECEC program.  

For the VA models, there were main effects for the two key variables most relevant to this 

study: ECEC program quality and family SES. Instructional Support is related to children’s verbal 

ability. There is a small positive relationship in both 2010 and 2012. The magnitude of the effect (β 

= 0.05, p < 0.05 for 2010 Instructional Support on 2010 VA and 2012 Instructional Support on 2012 

VA) can be interpreted as a small conditional effect size given the standardised coefficients. 

Similarly, the effect for family SES is positive and small (β = 0.10, p < 0.001). The magnitude of 

the effect can be further quantified in terms of the provided normative data (McGrew, 2013). A one 

SD increase in Instructional Support is associated with 0.65 months of development in VA in both 

2010 and 2012. A one SD increase in family SES is associated with 0.75 months of development in 

VA. There is an additional effect for neighbourhood SES with children living in more advantaged 

neighbourhoods (relative to the lowest quintile) being 0.65 to 1 month ahead of their peers in 2012. 

There are also effects for control variables: baseline IQ is strongly related to VA as expected and 

there is a small effect for temperament (persistence). In 2010 and 2011 families with a migration 

background are associated with lower child VA (0.9 months of development). Not attending a 

kindergarten program (interpretable as attending school in 2012) is associated with 1.7 months of 

gain in 2012 VA. 
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Table 24. Cross-sectional linear regressions for each study year predicting Verbal Ability. 

  
2010 2011 2012 

  Variable name Estimate 
Standard 

Error sig. Estimate 
Standard 

Error sig. Estimate 
Standard 

Error sig. 

 
Intercept 0.13 0.04 ** 0.04 0.06 

 
-0.81 0.18 *** 

Child level 
Child gender  
(0 = male) 0.06 0.01 *** 0.03 0.02 . 0.03 0.02 

 

 
Child age (months at Jan 2010) 0.15 0.02 *** -0.09 0.03 ** -0.19 0.03 *** 

 
SDQ# total behavioural difficulties -0.03 0.02 . 0.02 0.02 

 
-0.02 0.03 

 

 
WJIII* Brief Intellectual Ability  0.73 0.01 *** 0.52 0.02 *** 0.45 0.02 *** 

 
STSC± Persistence -0.01 0.02 

 
0.06 0.02 * 0.06 0.03 * 

Family level Family Socio Economic Status 0.06 0.02 * 0.12 0.03 *** 0.10 0.03 ** 

 
Household income relative to need 0.02 0.02 

 
0.02 0.03 

 
0.03 0.03 

 

 
Main caregiver  Kessler 10 0.00 0.02 

 
0.02 0.02 

 
0.04 0.03 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.07 0.01 *** -0.07 0.02 ** -0.03 0.02 

 
Home level HLE@ Indirect Learning 0.04 0.03 

 
0.03 0.03 

 
0.01 0.03 

 

 
HLE@ Direct Teaching 0.01 0.03 

 
0.02 0.03 

 
0.05 0.03 

 
ECEC level CLASS+ Instructional Support 2010 0.05 0.02 ** 0.03 0.02 

 
0.01 0.02 

 

 
ECERS-R& Activities 2010 0.00 0.02 

 
0.00 0.02 

 
-0.01 0.02 

 

 
Hours per week in ECEC^ programs 2010 0.01 0.02 

 
-0.01 0.02 

 
-0.03 0.03 

 

 
Child to Adult Ratio in ECEC^ program 2010 -0.01 0.02 

 
-0.03 0.02 

 
-0.02 0.02 

 

 
Hours per week in Informal Care 2010 -0.05 0.02 * 0.02 0.03 

 
0.07 0.04 . 

 

Child enrolled in any kindergarten program 2010  
(0 = yes) -0.03 0.02 

 
-0.01 0.03 

 
0.02 0.03 

 

 
CLASS+ Instructional Support 2011 

   
0.03 0.02 

 
-0.01 0.03 

 

 
ECERS-R& Activities 2011 

   
0.01 0.02 

 
0.03 0.03 

 

 
Hours per week in ECEC^ programs 2011 

   
0.02 0.04 

 
0.07 0.04 . 

 
Child to Adult Ratio in ECEC^ program 2011 

   
0.00 0.02 

 
0.03 0.02 

 

 
Hours per week in Informal Care 2011 

   
-0.02 0.03 

 
0.00 0.05 

 

 

Child enrolled in any kindergarten program 2011 
(0 = yes) 

   
-0.01 0.04 

 
0.14 0.04 ** 

 
CLASS+ Instructional Support 2012 

      
0.05 0.02 * 

 
ECERS-R& Activities 2012 

      
0.01 0.03 
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Hours per week in ECEC^ programs 2012 

      
0.10 0.06 . 

 
Child to Adult Ratio in ECEC^ program 2012 

      
0.02 0.04 

 

 
Hours per week in Informal Care 2012 

      
-0.06 0.04 

 

 

Child enrolled in any kindergarten program 2012 
(0 = yes) 

      
0.09 0.05 . 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 0.04 0.02 . 0.08 0.03 ** 0.09 0.03 ** 

 
Community Socio Economic Status 3rd quintile 0.04 0.02 * 0.06 0.02 * 0.05 0.03 * 

 
Community Socio Economic Status 4th quintile 0.01 0.02 

 
0.00 0.03 

 
0.08 0.03 * 

 
Community Socio Economic Status 5th quintile 0.02 0.02 

 
0.08 0.03 ** 0.09 0.03 ** 

 
Availability$ of local ECEC programs 0.01 0.02 

 
0.00 0.02 

 
0.00 0.02 

 

           

 
R2 0.62 0.02 *** 0.42 0.02 *** 0.38 0.02 *** 

                      

 
+ Classroom Assessment Scoring System 
& Early Childhood Environment Rating Scale - Revised 
^ Early Childhood Education and Care Classrooms (including school) 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
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The AP model is presented in Table 25. For the AP models, there were also 

main effects for ECEC program quality and family SES. The effects for Instructional 

Support were less pronounced than in the VA models. There was a small positive 

relationship for Instructional Support in 2010 on AP in 2011. The magnitude of the 

effect (β = 0.05, p < 0.05 for) can be interpreted as a small conditional effect size given 

the standardised coefficients. Similarly, the effect for family SES was positive and 

small (β = 0.12, p < 0.001, in 2012). The magnitude of the effect can be further 

quantified in terms of the provided normative data. A one SD increase in Instructional 

Support (2010) is associated with a 0.5 month increase in AP in 2011. No other effects 

are observed for ECEC quality on AP. A one SD increase in family SES is associated 

with between 0.71 months of growth in AP (2010) and 1.2 months of growth (2012). 

There was an additional effect for neighbourhood SES with children living in more 

advantaged neighbourhoods (relative to the lowest quintile) being 0.55 (second quintile) 

to 0.70 (fourth quintile) months ahead of their peers in 2012. There are also effects for 

control variables: baseline IQ was strongly related to AP as expected and there was a 

small effect for temperament (persistence). In 2010 families with a migration 

background were associated with lower child AP (0.5 months of development). Not 

attending a kindergarten program (interpretable in 2011 and 2012 as attending school) is 

associated with 1.3 to 2.4 months of development on AP in 2012.  
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Table 25. Cross-sectional linear regressions for each study year predicting Applied Problems (quantitative knowledge). 

  
2010 2011 2012 

  Variable name Estimate 
Standard 

Error sig. Estimate 
Standard 

Error sig. Estimate 
Standard 

Error sig. 

 
Intercept 0.01 0.15 

 
-0.19 0.07 ** -1.05 0.17 *** 

Child level 
Child gender  
(0 = male) -0.02 0.02 

 
-0.01 0.02 

 
0.07 0.02 ** 

 
Child age (months at Jan 2010) -0.01 0.02 

 
-0.16 0.04 *** -0.34 0.04 *** 

 
SDQ# total behavioural difficulties 0.00 0.02 

 
0.03 0.03 

 
-0.02 0.03 

 

 
WJIII* Brief Intellectual Ability  0.57 0.02 *** 0.50 0.02 *** 0.42 0.02 *** 

 
STSC± Persistence 0.10 0.02 *** 0.11 0.03 *** 0.10 0.03 ** 

Family level Family Socio Economic Status 0.07 0.03 * 0.09 0.03 ** 0.12 0.03 *** 

 
Household income relative to need 0.02 0.03 

 
-0.02 0.03 

 
-0.02 0.03 

 

 
Main caregiver  Kessler 10 0.02 0.02 

 
0.01 0.03 

 
0.00 0.03 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.05 0.02 * 0.00 0.02 

 
0.02 0.02 

 
Home level HLE@ Indirect Learning 0.02 0.03 

 
0.07 0.03 * 0.05 0.04 

 

 
HLE@ Direct Teaching -0.02 0.03 

 
-0.05 0.03 . -0.04 0.04 

 
ECEC level CLASS+ Instructional Support 2010 0.04 0.02 . 0.05 0.02 * 0.01 0.02 

 

 
ECERS-R& Activities 2010 -0.01 0.02 

 
0.00 0.02 

 
0.03 0.02 

 

 
Hours per week in ECEC^ programs 2010 0.02 0.02 

 
-0.01 0.02 

 
0.01 0.03 

 

 
Child to Adult Ratio in ECEC^ program 2010 0.00 0.02 

 
-0.03 0.03 

 
-0.03 0.03 

 

 
Hours per week in Informal Care 2010 -0.01 0.02 

 
0.05 0.04 

 
0.06 0.03 . 

 

Child enrolled in any kindergarten program 2010  
(0 = yes) 0.03 0.02 

 
0.02 0.02 

 
0.03 0.02 

 

 
CLASS+ Instructional Support 2011 

   
-0.04 0.03 

 
-0.01 0.02 

 

 
ECERS-R& Activities 2011 

   
0.01 0.02 

 
0.00 0.03 

 

 
Hours per week in ECEC^ programs 2011 

   
0.09 0.04 ** -0.01 0.05 

 

 
Child to Adult Ratio in ECEC^ program 2011 

   
0.00 0.02 

 
-0.02 0.03 

 

 
Hours per week in Informal Care 2011 

   
-0.06 0.04 

 
-0.05 0.05 
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Child enrolled in any kindergarten program 2011 
(0 = yes) 

   
0.05 0.04 

 
0.24 0.05 *** 

 
CLASS+ Instructional Support 2012 

      
0.02 0.02 

 

 
ECERS-R& Activities 2012 

      
0.01 0.04 

 

 
Hours per week in ECEC^ programs 2012 

      
-0.01 0.06 

 

 
Child to Adult Ratio in ECEC^ program 2012 

      
-0.01 0.03 

 

 
Hours per week in Informal Care 2012 

      
0.03 0.04 

 

 

Child enrolled in any kindergarten program 2012 
(0 = yes) 

      
0.13 0.05 ** 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 0.02 0.03 

 
0.07 0.03 ** 0.06 0.03 * 

 
Community Socio Economic Status 3rd quintile 0.07 0.02 ** 0.04 0.03 . 0.01 0.02 

 

 
Community Socio Economic Status 4th quintile 0.07 0.03 ** 0.05 0.03 . 0.07 0.02 ** 

 
Community Socio Economic Status 5th quintile 0.10 0.03 *** 0.07 0.03 * 0.03 0.03 

 

 
Availability$ of local ECEC programs 0.00 0.02 

 
-0.03 0.02 . -0.02 0.02 

 

           

 
R2 0.45 0.02 *** 0.39 0.02 *** 0.34 0.02 *** 

                      

 

+ Classroom Assessment Scoring System 
& Early Childhood Environment Rating Scale - Revised 
^ Early Childhood Education and Care Classrooms (including school) 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
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Unconditional linear growth models describe the development trajectories for children on 

VA and AP. The results are summarised in Table 26. The intercept growth factor is scaled so that it 

represents the level of ability of children at exit from the study (generally in the first (preparatory) 

or second (grade one) year of school). The intercept mean was not significant, indicating that 

children’s abilities are not different from zero: the expected level of ability for that child’s age in 

months. The intercept variance was significant indicating that children’s estimated level of ability 

varies around the mean. The standard deviation of the intercept indicates that the majority of 

children have scores within 10 (VA) to 12 (AP) W of the mean. This represents between 50 to 100 

per cent of the SD reported around the normative data estimates for each month of age and is 

therefore within the expected range. The significant slope growth factors imply that children at 

entry to the study were achieving above the age norms and this reinforces the mean estimates 

greater than zero given for VA and AP in Table 23. In this model, at entry to the study children 

were estimated to be scoring 0.5 (VA) and 0.2 (AP) SD above the expected level of ability for their 

age. Children’s Verbal Ability and early mathematical knowledge are strongly correlated at the end 

of the study (r(1970) = .88, p < .001). 

 
Table 26. Description of unconditional growth factors for Verbal Ability and Applied Problems (WJIII). 

  
Verbal Ability* Applied Problems* 

Growth factor Parameter estimate se sig estimate se sig 

Intercept Mean -0.23 0.66 ns -1.19 0.74 ns 

 
Variance 114.33 7.19 *** 164.49 11.62 *** 

Slope Mean -5.78 0.44 *** -4.35 0.70 *** 

  Variance 21.74 3.72 *** 95.16 13.26 *** 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
      * Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

    

The unconditional model is summarised visually in Figure 15. The dark solid and dashed 

lines represent the mean intercept and growth factors for VA and AP respectively and represent the 

average development trajectory across the duration of the study. Slight perturbations between the 

estimated parameters and the drawn lines are caused by the differences in estimation: in the plots 

the effect for time is fixed (0, -12, and -24 months) whereas in the fitted models time varies 

between children to represent individual differences in the time between observations. The 

estimated coefficients reported in the tables are, therefore, most accurate and the plots help aid 

interpretation. 
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Figure 15. Estimates of mean intercept and growth factors in the unconditional growth model. Shaded 

areas represent confidence intervals for the trajectories. 

 

The unconditional growth models are then estimated for sub-groups to test for heterogeneity 

of the parameter estimates by family SES and the level of Instructional Support experienced in the 

first year of the study respectively. There are significant differences in the growth trajectories of 

children according to both family SES and the level of Instructional Support. The between-group 

differences are given in Table 27: all contrasts are set up to compare to the ‘low’ group. 

Approximate visualisations of the growth trajectories are given in Figure 16 and Figure 17.  

For family SES there are significant differences between the low and mid group, and the 

low and high group. Overall, the pattern observed over the duration of the study shows that 

differences are approximately constant for Verbal Ability and narrowing for Applied Problems. For 
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example, at entry to the study children from high SES backgrounds are, on average, 9.21W above 

children from low SES backgrounds in terms of VA. At the end of the study they are 9.75W above. 

This is a difference representing between nine and ten months of development given the distribution 

of the normative data. In contrast for AP, at entry to the study children from high SES backgrounds 

are, on average, 15.42W above children from low SES backgrounds (approximately 7 months of 

development). At exit to the study they are 11.33W above: slightly more than 5 months of 

development. The narrowing pattern for AP appears to be driven by a strong regression to the 

expected score for age for the mid and high SES families, rather than by a “catching up” of children 

from low SES backgrounds. The mid and high groups start well above the expected score for age 

and regress back to it while the low group has a proportionally flatter trajectory approximately 4W 

below the expected level of ability for age. These patterns are illustrated in Figure 16.  
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Table 27. Multiple group analysis of the unconditional LGM model by family SES and Instructional Support quality. 

	 	
Family SES Instructional Support 

  
Verbal Ability* Applied Problems* Verbal Ability* Applied Problems* 

Time point Group name Δmean se sig Δmean se sig Δmean se sig Δmean se sig 

Entry to study 

Med 
(Contrast is 
Low) 2.57 1.14 . 4.75 1.30 * 0.08 1.53 

 
2.06 2.52 

 

 

High 
(Contrast is 
Low) 9.21 0.99 *** 15.42 1.16 *** 5.51 1.30 *** 9.26 1.94 *** 

Exit to Study 
(Intercept growth factor) 

Med 
(Contrast is 
Low) 2.16 1.30 *** 2.91 2.35 * 0.36 1.62 

 
-0.11 1.80 

 

  

High 
(Contrast is 
Low) 9.75 1.16 *** 11.33 1.89 *** 4.85 1.52 ** 4.30 1.60 ** 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
            * Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
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Figure 16. Estimates of mean intercept and growth factors in the unconditional growth model. Growth 

factors are grouped by low, medium, and high SES. Shaded areas represent confidence intervals of the 
trajectories. 

 

For early exposure to Instructional Support there are no statistically significant differences 

between the low and mid level groups and therefore the mid group has been excluded from Figure 

17. There are, however, statistically significant differences between the low and high Instructional 

Support groups. These patterns mimic the same overall pattern observed for family SES. For Verbal 

Ability the differences are constant over the period of the study. For Applied Problems the 
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differences narrow over time. For VA, children who experience high-quality Instructional Support 

early are, on average, 5.51W above children who experience low levels of Instructional Support at 

entry to the study (5.5 months of development). At the end of the study the difference is 4.85W (5 

months of development). For Applied Problems this pattern is 9.26W and 4.30W  for entry and exit 

from the study respectively (four and two months of development respectively). As above, the 

narrowing effect appears to be related to the high-quality group regressing to the expected score 

rather than the low quality group catching up. 

 

 
Figure 17. Estimates of mean intercept and growth factors in the unconditional growth model. Growth 

factors are grouped by low, and high Instructional Support. Shaded areas represent standard error of the 
estimate. 
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Beginning with the unconditional LGM (model one), covariates are added in groups to 

assess model quality. Time-invariant covariates are added to the model (model two), then, time-

varying ECEC predictors are added to model two (model three). All three models are presented in 

full in Appendix E. The preferred model is model three which minimises information loss measured 

by change in BIC, penalised for the change in degrees of freedom by including more predictors in 

the model, the change in BIC from model two to three is -273, greater than the threshold of -10 

(Raftery, 1995). The growth factors and their relationships are described in Table 28.  

In model three, the correlation between VA and AP at exit to the study is high as per earlier 

estimates (r =  0.74, p < 0.001). The mean of the intercept terms are lower in the conditional 

models because they are estimated with the predictors centred (e.g., the mean intercept for a male 

child, of average IQ…). 

The mean growth factors in model three can be interpreted as estimates of children’s 

developmental trajectories with the influence of ECEC program use characteristics, including 

quality, factored-out. This allows the time-varying predictors to be interpreted as the independent 

effect of ECEC program quality on children’s cognitive abilities at the three time points. 
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Table 28. Summary of growth factors and model fit for three LGMs. 

	   
Model 1 - no covariates 

Model 2 - time invariant 
covariates Model 3 - all covariates 

Group	 		 Parameter	 Estimate sig. Estimate sig. Estimate sig. 

Growth	Factors	 VA
1
	 Intercept	(mean)	 -0.23 

 
-7.63 ** -7.92 * 

 
VA

1
	 Slope	(mean)	 -5.78 *** -7.56 ** -5.13 . 

 
VA

1
	 Intercept	(variance)	 114.33 *** 50.27 *** 50.09 *** 

 
VA

1
	 Slope	(variance)	 21.74 *** 22.48 

 
23.32 

 

 
VA

1
	 Correlation	(Intercept	and	Slope)	 0.29 *** 0.82 *** 0.76 *** 

 
AP

2
	 Intercept	(mean)	 -1.19 

 
-8.83 * -3.29 

 

 
AP

2
	 Slope	(mean)	 -4.35 *** -2.92 

 
1.88 

 

 
AP

2
	 Intercept	(variance)	 164.49 *** 82.92 *** 85.96 *** 

 
AP

2
	 Slope	(variance)	 95.16 *** 53.48 ** 54.30 ** 

 
AP

2
	 Correlation	(Intercept	and	Slope)	 -0.15 * 0.36 * 0.35 * 

 
VA

1
,	AP

2
	 Correlation	(Intercept	and	Intercept)	 0.88 *** 0.74 *** 0.74 *** 

 
VA

1
,	AP

2
	 Correlation	(Slope	and	Slope)	 0.76 *** 0.56 *** 0.61 *** 

         
Model	fit	 		 BIC~	(mean)	 96124.11   91111.72   90838.23   

1	Woodcock-Johnson	III	Verbal	Ability	Cluster	

	      
2	Woodcock-Johnson	III	Applied	Problems	Test	of	Achievement		

	      
~	Sample-size	adjusted	Bayesian	information	criterion	

	      
p	<	0.001	‘***’,	0.01	‘**’,	0.05	‘*’	0.1	‘.	'	
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For the conditional LGM predicting VA trajectories, effects are observed for ECEC program 

quality after factoring out influences on development over time. As above, the unstandardised 

coefficients reported in Table 29 can be reinterpreted as the standardised change in the dependent 

variable (named in the second column) and as the amount of growth this represents given the 

distribution of the age norms. The coefficients for the time dependant effects of 2010 Instructional 

Support on 2010 VA and 2012 Instructional Support on 2012 VA represent (for a 1 SD increase in 

Instructional Support) 0.8 and 0.9 months of growth respectively. There are also very small effects 

for duration of participation in programs: for youngest aged children (2010) an additional hour of 

ECEC programs per week represents -0.06 months of growth across the year. For older aged 

children the effect is positive and represents 0.1 and 0.15 months of growth respectively. 

Family SES and community SES both play a significant role in children’s VA development. 

A one SD increase in family SES is associated with 1.6 months of additional growth at the end of 

the study. Living in higher SES neighbourhoods (relative to the lowest quintile) is related to higher 

achievement at the end of the study: estimates for all quintiles range between approximately 3.3 

(fourth quintile) to 4.9 (fifth) months growth. Child characteristics are also related to increased 

development: initial IQ, and temperament (persistence) are related to higher VA at exit from the 

study. A one SD increase in IQ at entry the study is associated with an additional 7.6 months of 

growth at exit to the study and a one SD increase in persistence is associated with an additional 1.1 

months of development. 
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Table 29. Linear growth models predicting Verbal Ability. Marginal and significant effects shown. 

   
Model 1 - no covariates 

Model 2 - time invariant 
covariates Model 3 - all covariates 

Group   Parameter Estimate sig. Estimate sig. Estimate sig. 
Time invariant 
Covariates VA1 Intercept ON WJIII* Brief Intellectual Ability  

  
0.606 *** 0.602 *** 

 
VA1 Intercept ON SDQ# Total Difficulties 

  
-0.149 . -0.081 

 

 
VA1 Intercept ON STSC± Persistence 

  
0.188 . 0.294 ** 

 
VA1 Intercept ON Family Socio Economic Status 

  
1.836 * 1.472 * 

 
VA1 Intercept ON Main caregiver Kessler 10 

  
0.159 . 0.111 

 

 
VA1 

Intercept ON Community Socio Economic Status 
2nd quintile (0 = 1st quintile) 

  
2.901 ** 3.459 ** 

 
VA1 

Intercept ON Community Socio Economic Status 
3rd quintile 

  
3.184 ** 3.604 ** 

 
VA1 

Intercept ON Community Socio Economic Status 
4th quintile 

  
2.409 * 2.810 ** 

 
VA1 

Intercept ON Community Socio Economic Status 
5th quintile 

  
3.851 ** 4.177 *** 

 
VA1 Slope ON WJIII* Brief Intellectual Ability  

  
-0.205 *** -0.204 *** 

 
VA1 Slope ON Main caregiver Kessler 10 

  
0.179 . 0.150 

 

 
VA1 

Slope ON Main caregiver migration background  
(0 = born in Australia) 

  
1.544 . 1.615 . 

 
VA1 

Slope ON Community Socio Economic Status 3rd 
quintile 

  
1.738 . 1.899 . 

 
VA1 

Slope ON Community Socio Economic Status 4th 
quintile 

  
2.967 * 3.314 ** 

 
VA1 

Slope ON Community Socio Economic Status 5th 
quintile 

  
3.051 * 3.387 ** 

Time varying covariates VA1 2010 CLASS+ Instructional Support 2010 
    

0.403 * 

 
VA1 2010 Child to Adult Ratio in ECEC^ program 2010 

    
0.225 * 

 
VA1 2011 Hours per week in ECEC^ programs 2010 

    
-0.057 * 

 
VA1 2011 Hours per week in ECEC^ programs 2011 

    
0.098 * 

 
VA1 2012 CLASS+ Instructional Support 2012 

    
0.549 * 

 
VA1 2012 Hours per week in ECEC^ programs 2012 

    
0.232 *** 
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Model fit   BIC~ (mean) 96124.11   91111.72   90838.234   
 

1 Woodcock-Johnson III Verbal Ability Cluster 
2 Woodcock-Johnson III Applied Problems Test of Achievement  
+ Classroom Assessment Scoring System 
& Early Childhood Environment Rating Scale - Revised 
^ Early Childhood Education and Care Classrooms (including school) 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

~ Sample-size adjusted Bayesian information criterion 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
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Similar patterns are seen for the conditional LGM predicting AP. Unstandardised 

coefficients are reported in Table 30. The coefficients for the time dependant effects of 2010 

Instructional Support on 2010 AP represent (for a 1 SD increase in Instructional Support) 0.5 

months of growth. No other effect for Instructional Support is observed. There are also very small 

effects for duration of participation in programs: an additional hour of ECEC programs per week 

represents -0.05 months of growth across 2012. Removing a child (from 14 to 13) from a classroom 

represents an increase in AP equivalent to 0.12 months of growth. 

Family SES and community SES both play a significant role on children’s AP development. 

A one SD increase in family SES is associated with 1.8 months of additional growth at the end of 

the study. Living in highest SES neighbourhoods (the fourth and fifth quintiles relative to the lowest 

quintile) is related to higher achievement at the end of the study: approximately three months 

growth. Child characteristics are also related to increased development: gender (being female), 

initial IQ, and temperament (persistence) are all related with higher VA at exit from the study. 
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Table 30. Linear growth models predicting Applied Problems. Marginal and significant effects shown. 

   
Model 1 - no covariates 

Model 2 - time invariant 
covariates Model 3 - all covariates 

Group   Parameter Estimate sig. Estimate sig. Estimate sig. 
Time invariant 
Covariates AP2 Intercept ON WJIII* Brief Intellectual Ability  

  
0.702 *** 0.711 *** 

 
AP2 

Child gender  
(0 = male) 

  
2.013 * 1.767 * 

 
AP2 Intercept ON STSC± Persistence 

  
0.459 * 0.429 ** 

 
AP2 Intercept ON Family Socio Economic Status 

  
3.376 *** 3.416 * 

 
AP2 

Intercept ON Main caregiver migration background  
(0 = born in Australia) 

  
1.566 . 0.916 

 

 
AP2 Intercept ON HLE@ Indirect Learning Frequency 

  
0.693 * 0.694 . 

 
AP2 Intercept ON HLE@ Direct Learning Frequency 

  
-4.803 * -4.061 . 

 
AP2 Intercept ON Availability$ of local ECEC programs 

  
-1.460 . -0.767 

 

 
AP2 

Intercept ON Community Socio Economic Status 2nd 
quintile (0 = 1st quintile) 

  
2.602 * 2.397 

 

 
AP2 

Intercept ON Community Socio Economic Status 3rd 
quintile 

  
1.539 

 
1.730 . 

 
AP2 

Intercept ON Community Socio Economic Status 4th 
quintile 

  
2.885 * 3.979 ** 

 
AP2 

Intercept ON Community Socio Economic Status 5th 
quintile 

  
3.723 * 4.206 ** 

 
AP2 Slope ON WJIII* Brief Intellectual Ability  

  
-0.418 *** -0.402 *** 

 
AP2 Slope ON Gender 

  
3.366 ** 3.468 *** 

 
AP2 Slope ON Main caregiver  Kessler 10 

  
-0.217 . -0.236 

 

 
AP2 

Slope ON Main caregiver migration background  
(0 = born in Australia) 

  
4.010 ** 2.839 * 

Time varying covariates AP2 2010 CLASS+ Instructional Support 2010 
    

0.543 * 

 
AP2 2011 ECERS-R& Activities 2010 

    
-1.376 . 

 
AP2 2011 Hours per week in ECEC^ programs 2010 

    
-0.048 . 

 
AP2 2011 CLASS+ Instructional Support 2011 

    
-0.477 . 

 
AP2 2011 Child to Adult Ratio in ECEC^ program 2011 

    
-0.216 . 

 
AP2 2012 Hours per week in ECEC^ programs 2011 

    
-0.113 ** 

 
AP2 2012 Child to Adult Ratio in ECEC^ program 2011 

    
-0.274 * 
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Model fit   BIC~ (mean) 96124.11   91111.72   90838.234   

 
1 Woodcock-Johnson III Verbal Ability Cluster 
2 Woodcock-Johnson III Applied Problems Test of Achievement  
+ Classroom Assessment Scoring System 
& Early Childhood Environment Rating Scale - Revised 
^ Early Childhood Education and Care Classrooms (including school) 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

~ Sample-size adjusted Bayesian information criterion 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
 

 



 212 

Discussion 
This study asks what everyday ECEC programs in Australia contribute to 

children’s cognitive development. This study makes new contributions about the impact 

of ECEC programs in Australia that were missing from the evidence base (Baxter & 

Hand, 2013). This study finds clear evidence of SES achievement gaps in Australia for 

children from the age of three and four. Differences in children’s Verbal Ability persist 

across the study while some narrowing is seen for children’s early mathematical 

knowledge. ECEC programs play a small role in contributing to the development of 

children’s cognitive abilities. There is, however, no evidence that ECEC programs acted 

to narrow SES achievement gaps. Observed narrowing of SES gaps on Applied 

Problems appears to be a regression to the mean effect related to the normative data. 

There is a strong case to be made for: (1) specific initiatives to improve Instructional 

Support quality, to (2) target services operating in the least advantaged areas in the first 

case, and (3) to focus on programs delivered to youngest-aged children outside the 

scope of universal preschool provision. These interventions are required if ECEC 

programs are to deliver on their stated purpose to narrow 

Hypothesis one. There is relatively little known about the early cognitive 

development trajectories of children in Australia. While SES achievement gaps are 

apparent in school, there is little information about their magnitude in the early years. 

Using WJIII normative data (McGrew, 2008, 2013), children tend to score above the 

expected level of ability for their age at entry to the study and regress to the mean to 

score at the expected level of ability at the end of the study. This is true for both Verbal 

Ability and early mathematical knowledge (Applied Problems). Family SES is a strong 

predictor of children’s level of development: at the end of the study there is between 

two (Applied Problems) and nine (Verbal Ability) months of development between 

children from low SES families relative to high SES families. At entry to the study, 

when children are two and three the gap is about the same size for Verbal Ability and 

larger for Applied Problems (approximately 5 months of development). The narrowing 

appears to be a regression to the mean and may be related to the tendency for WJIII 

normative data to under-estimate the level of children’s abilities at age three and four. 

This is the period in which rescaled US normative data is used. 
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Hypothesis two. The second research question asks whether ECEC programs 

contributed to children’s cognitive development. Factoring in child, family, home, 

ECEC, and community-level covariates, there is evidence that Instructional Support 

quality provides small benefits to children’s Verbal Ability and quantitative knowledge. 

The effect, controlling for other influences on the child’s development, is between 0.05 

(Applied Problems) and 0.07 (Verbal Ability) standard deviations. This represents a 

maximum of 1 month of development. Given the low level of observed ECEC program 

quality – particularly for Instructional Support – this is an expected finding. Higher 

levels of Instructional Support, if attained, are associated with significantly greater 

levels of developmental gain (Burchinal et al., 2010). 

The small effects observed are not necessarily a negative story. The 

unconditional growth models show growth gaps as large as nine months for children 

from low SES backgrounds. However, this study shows a number of things. The first is 

that individual child characteristics matter. More persistent children, for example, have 

improved outcomes. More importantly, although small, the effects for ECEC programs 

quality, within any given year is worth up to a month of developmental gains (for a one 

standard deviation increase in quality). At the modest levels of observed Instructional 

Quality, a child from low SES background who experiences the highest levels of 

observed quality in Australia could narrow the SES gap by up to a third over three 

years. The critical issue is that it appears, because of the low prevalence of high quality 

instructional environments and strong SES effects, that children from the least 

advantaged backgrounds are highly unlikely to experience three years of ECEC 

programs at the highest quality levels. This suggests there is substantial potential for 

quality improvement to realise real reductions in SES related inequalities if ECEC 

programs quality can be substantially increased. 

Effects for Instructional Support were observed in 2010 for both outcome 

measures demonstrating that in the years farthest from starting school, ECEC programs 

have a role to play in children’s development. This finding is consistent with studies of 

ECEC programs attendance (rather than quality) that find early participation (e.g., pre-

K) in addition to Kindergarten participation are associated with positive developmental 

outcomes (Coley et al., 2014).  
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No effects were observed when quality was measured with ECERS-R, 

reinforcing the idea that there needs to be a strong causal nexus between measures of 

ECEC quality and developmental outcomes for results to be observed (Hamre et al., 

2014). This is not to say that ECEC programs and policy makers should abandon other 

measures; this study looked only at cognitive developmental outcomes. The goal of 

quality measurement, however, must be thought about more broadly and the aspects that 

are measured should be purposefully selected based on the intended impact. In 

Australia, for instance, there is a compelling reason to focus on Instructional Support: it 

is observed to be significantly lower than measures of warmth and regard, and there are 

potentially much greater cognitive developmental gains to be had is the quality level can 

be raised. 

Hypothesis three. Finally this study asked if children from low SES 

backgrounds have positive cognitive gains likely to narrow SES gaps allowing them to 

catch up to their more advantaged peers? In this case there is no evidence of different 

slopes or rates of growth for children from different SES backgrounds (low versus 

average versus high). This is consistent with some earlier findings that found no 

moderating effect for family SES on the relationship between attending ECEC programs 

and children’s development (Coley et al., 2014). 

As currently arranged, ECEC programs are delivering small effects to all 

children. Because of patterns of access, however, it is not reducing the gap between 

children attributed to family SES. This is mostly to do with the failure to enrol the most 

disadvantaged (and lowest achieving) children into the highest quality services. A 

strong relationship between ECEC quality and SES is limiting the ability of Australian 

ECEC programs to narrow achievement gaps and deliver optimal outcomes for all 

children. Given the presented evidence there is a clear opportunity to improve the 

impact ECEC programs have on children’s cognitive development and to narrow SES-

related gaps. It must be asked, however, if the current regulatory and reporting 

mechanisms capture the kind of quality likely to contribute to children’s learning and 

development. If measures like the National Quality Standard do not capture these 

aspects of quality, and there is reason to speculate that they do not (Sabol et al., 2013), 

then there is a reduced chance that quality improvement initiatives will deliver 

improved outcomes for children.  
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Limitations and Future Research. Even in observational studies where there 

are strong selection effects it is likely that some children from low SES backgrounds 

will experience higher than average level of ECEC quality. There is potential to use this 

data to, at very least, identify and describe these children and their developmental 

trajectories.  

To control for age in this study, WJIII normative data were used to calculate a 

measure of deviance from the expected level of ability for a child of that age. The 

measure however, appears to deliver higher (greater than zero) scores for young 

children (four years old or less) and the expected score (zero) for older children. One 

explanation of this observed phenomenon is that the Australian normative scores are 

based on observed data for ages four and up and on adjusted US norms below the age of 

four (McGrew, 2008). Future research should consider if the observed cognitive 

development of children in Australia agrees strongly with the age-norms established for 

young children aged four and under in the WJIII. 

This study uses the simplest application of the LGM framework to explain 

children’s development over a (approximate) 24 month period. Having three 

observation points limits the flexibility of the modelling shown here to strictly linear 

relationships in order for the models to be identified. Future research should consider 

more observations of development to provide greater flexibility to model more complex 

trajectories. Such future work could allow for the testing of sensitive or critical periods 

for development associated with non-linear trajectories. 
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Chapter 7: Discussion 
This thesis aimed to contribute new knowledge about whether everyday ECEC 

programs add value to the cognitive development of children from low SES 

backgrounds in Australia. This aim was addressed by asking questions around three key 

areas: the (1) availability, (2) family selection process, and (3) impact of ECEC 

programs. This chapter addresses each of these and critically evaluates the extent to 

which they provided support to the thesis hypotheses. 

The chapter first provides a summary of the results of the three studies presented 

and positions their findings together to ask whether there is support for everyday ECEC 

programs in Australia contributing to the narrowing of SES related cognitive 

achievement gaps. Additional or unexpected findings from the evidence overall are also 

summarised. Following this, a series of conclusions are drawn around three thematic 

areas: (1) improving ECEC quality, (2) supporting equity of opportunity and outcomes, 

and (3) realising implications of the current structure of the ECEC market in Australia. 

A number of opportunities for future research are also identified. The overall purpose is 

to identify how the findings provide a more complete understanding of how ECEC 

programs can optimally support children’s development, from all backgrounds. The 

chapter, and thesis, concludes with remarks about the potential to construct an ECEC 

system that works against the intergenerational transmission of disadvantage, whilst 

also serving other aims of the ECEC system. 

Summary of findings of this thesis 
The major question that drove these studies was whether everyday ECEC 

programs add value to the cognitive development of children from low SES 

backgrounds? There are strong expectations that ECEC programs can ameliorate SES 

gradients (Duncan & Sojourner, 2013) and there is a knowledge gap about whether this 

is happening, or if it could plausibly be expected to happen, despite policy rhetoric that 

argues for investment in ECEC provision to improve children’s academic and social 

achievement outcomes. To achieve this, the research undertaken worked within the 

context of ECEC program quality and how quality influences children’s outcomes: the 

effect of not attending an ECEC program is not tested. In other words, lower quality 
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within an ECEC program is the counterfactual to receiving higher quality. The three 

studies reported in previous chapters are all written within this scope of exploring the 

context of children experiencing ECEC programs before school and the relationship 

between cognitive outcomes and ECEC quality. 

 Availability of ECEC programs. This study addressed the availability of 

ECEC programs in the local market. Beginning from the perspective that there is a 

known degree of income segregation in Australia, the study asked if there were fewer or 

lower-quality ECEC programs in low SES areas. The hypothesis being that because 

families from low SES backgrounds are over-represented in low SES neighbourhoods 

they may be more likely to miss out on the kind of high quality ECEC experiences 

associated with significant developmental gains. 

The first study addressed the size of the local market as a measure of the extent 

to which families are constrained in their choices by transport costs. Families were 

found to travel short distances to ECEC programs, with most trips being less than 3km. 

Families are, therefore, attending ECEC programs close to their homes. This was the 

precondition for the subsequent analysis and an important finding. Previous studies 

imply a much larger local market, having used coarser measures based around zip codes 

in the US (Gordon & Chase-Lansdale, 2001) and using the number of services within 

5km of a service (rather than the family home) in Australia (Productivity Commission, 

2015). This first finding suggests families are more constrained in their choices than 

previously thought and they show a strong preference for programs close to home. 

The subsequent research questions addressed the availability of ECEC programs 

and their quality in the local ECEC market, and results confirmed lower availability of 

ECEC in low SES areas. This is mostly due to an undersupply of long day care services; 

a not unexpected finding since use of long day care is strongly associated with labour 

market participation. Low SES families are less likely to choose to use long day care 

(Harrison et al., 2010) and there is less than half the fee subsidy available to families 

who are not working (meeting the work/training/study test) at least 15 hours per week 

(Productivity Commission, 2015). This analysis did not support a current conjecture in 

the literature that such a pattern is caused by ‘for-profit’ operators shunning lower 

profit, low SES areas (Kahn & Kamerman, 1987; Small & Stark, 2005). In Australia, 
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instead, the distribution of different management types or auspices was found to be 

constant across different levels of area SES. 

The third research question looked at the availability of ECEC program quality 

in low SES areas. On average programs in lower SES areas exhibited lower adult–child 

interaction quality (measured by CLASS) and these effects were moderate in size: the 

upper 40 per cent of neighbourhoods scored approximately 0.5 standard deviations 

higher on the CLASS domains (compared to the first 20 per cent of neighbourhoods). 

Because only 17 per cent of families from the most disadvantaged backgrounds (first 

decile of an individual measure of SES) live in the upper 40 per cent of neighbourhoods 

(by SES), these families are less likely to live close to services offering (relatively) 

higher-quality program (Wise & Mathews, 2011). There is also some support for the 

idea that not-for-profit services have a competitive advantage in the production of 

ECEC program quality: on average for-profit services score lower on the CLASS 

measures of Emotional Support and Classroom Organization. There is no difference, 

however, for the measure of Instructional Support. This, however, may be related to the 

overall low scores on Instructional Support. This third question provided findings about 

the distribution of ECEC quality in the population of ECEC programs in Australia for 

the first time. 

Family selection of ECEC programs. The second study presented asked who 

accesses the best levels of quality within ECEC programs. Beginning with the 

knowledge that there was inconsistent availability of ECEC programs in Australia, this 

study asked who receives the highest ECEC quality that was present in the data. 

Importantly, given that quality is not always a strongly salient feature of family decision 

making, this study used longitudinal data to look at the repeated choices family made 

over time to see how consistent families were in choosing a given level of quality. 

Further, this study identified the traits of child, family, home, and community that were 

correlated with their decisions. While there are a few studies in Australia suggesting 

quality is not important to families (Hall and Partners, 2014), there is international 

literature to suggest that families from higher SES backgrounds do preference quality 

(Johansen et al., 1996) and are, to an extent, able to discern similar quality 

characteristics as measured in scientific instruments (Mocan, 2007). 
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The first research question extended earlier work by Tayler et al. (Tayler et al., 

2013) to address the question of what proportion of ECEC programs can be considered 

to have relatively high-quality, as measured by process variables that probe interactions 

within classrooms, in the Australian context. Data from the E4Kids study were adjusted, 

using sampling weights, to make population-level estimates contributing new findings 

to the previous work. The study found that on measures of Emotional Support more 

than 60 per cent of classrooms are considered high-quality. On Instructional Support, 

conversely, less than one per cent of classrooms could be considered high-quality. 

While there is clearly variation in quality according to domain, the aspects measured in 

this study that are most closely related to children’s cognitive outcomes are low for 

nearly all services. The second research question looked at the distribution of quality 

from the child-level and asked: how many children attend high-quality ECEC 

programs? Using the same re-weighting strategy the results are similar to the 

distribution of the number of classrooms that can be considered high-quality. Notably, 

though, there is small downward trend implying that larger ECEC programs tend to 

score lower on quality measures. 

The third research question looked at repeated choices by families to model the 

selection process using the implicit assumption that observing several decisions by the 

same parents reveals information about their preferences for quality conditioned on the 

constrains within the family and local ECEC market. A liner growth model shows that 

community level characteristics influence the observed selections families make: 

families living in higher SES areas select higher quality programs. Conditioned on this, 

higher SES families also selected higher quality programs. The most notable pattern in 

the decisions families make is that the decisions tend to converge over time on common 

levels of quality. That is, when children enter school, the mean level of quality being 

selected is approximately equal. The farther children are from starting school, the 

greater the disparities by SES. Importantly, this study finds consistent patterns in the 

choices families make. Even if families do not explicitly preference quality (Hall and 

Partners, 2014), they do make consistent decisions over time that are non-random and 

strongly associated with family SES. The family selection process is therefore non-

random and has implications for the likely contribution ECEC programs make to their 

children’s learning and development. 
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Children’s development. The third study presented asked what everyday ECEC 

programs in Australia contribute to children’s cognitive development, conditional on the 

ECEC availability in the local ECEC market and their families’ choices. Specifically, 

this study asks whether ECEC programs are contributing to a narrowing of the gap 

between children from low SES backgrounds and their more advantaged peers. There is 

an expectation that everyday ECEC programs will contribute small but positive effects 

to children’s development, and that there may be greater effects for children from low 

SES families (Burchinal et al., 2008; National Institute of Child Health and Human 

Development Early Child Care Research Network, 2000). In Australia, it is not yet 

known if everyday ECEC programs meet the expectation of heterogeneous treatment 

effects allowing for the narrowing of cognitive developmental gaps attributable to 

family SES (Duncan & Sojourner, 2013).  

The first research question asked what the developmental trajectories of 

Australian children look like across the years prior to entering school? There was little 

understanding of the developmental trajectories of young children in Australia and the 

magnitude of SES gaps at early ages. Using the WJIII normative data (McGrew, 2008, 

2013), children tend to score above the expected level of ability for their age at entry to 

the study and regress to the mean to score at the expected level of ability at the end of 

the study, when the children are in school. This is true for both Verbal Ability and early 

mathematical knowledge (Applied Problems). Family SES is a strong predictor of 

children’s level of development: at the end of the study there is between two (Applied 

Problems) and nine (Verbal Ability) months of development between children from low 

SES families relative to high SES families.  

The second research question asked whether ECEC programs contributed to 

children’s cognitive development. Factoring in child, family, home, ECEC, and 

community-level covariates, there is evidence that Instructional Support quality 

provides small benefits to children’s Verbal Ability and quantitative knowledge. The 

effect, once controlling for other influences on the child’s development, is between 0.05 

(Applied Problems) and 0.7 (Verbal Ability) SD. This represents a maximum of 1 

month development. Given the low level of observed ECEC program quality – 

particularly for Instructional Support – this is an expected finding. Higher levels of 
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Instructional Support, if attained, are associated with significantly greater levels of 

developmental gain (Burchinal et al., 2010). 

Finally this study asked if children from low SES backgrounds have positive 

cognitive gains likely to narrow SES gaps allowing them to catch up to their more 

advantaged peers? In this case there is no evidence of different slopes or rates of growth 

for children from different SES backgrounds (low versus average versus high). No 

interactions were found for quality and SES on cognitive development. This is not 

unexpected as strong selection effects are at play. Major findings form this analysis 

show that not only are children form low SES backgrounds less likely to participate in 

any ECEC programs, they are also likely to live in areas that have lower ECEC 

programs provision and lower observed quality. When children from low SES 

backgrounds are exposed to Instructional Support, it is typically lower than average and 

unlikely to provide large gains, let alone narrow SES-related achievement gaps. 

Conclusions  
Inequality is observed to be often intergenerational: children inherit, in part, the 

skills, capabilities, income, and status of their parents (Corak, 2013a). This 

intergenerational pattern is not an efficient allocation of traits to people or a social 

sorting according to genetic potential but rather a process of non-random under-

investment in children from families with fewer means. Where the state does not 

intervene to ensure opportunities for human capital development are distributed on the 

basis of equity, children from low SES backgrounds are at risk of missing out on 

opportunities to realise their potential (Solon, 2004). Evidence in Australia suggests that 

such inequality is significant, and not narrowing over the medium term, and widening 

over the long term (Ainley & Gebhardt, 2013; Organisation for Economic Co-operation 

and Development, 2011a). ECEC programs have a notable history within multiple 

disciplines of being identified as efficient interventions on inequality that are capable of 

narrowing SES gaps and potentially closing them when the programs are of high-quality 

and accessed by children early enough and for sufficient duration (Duncan & Sojourner, 

2013).  

There is limited support that everyday ECEC programs in Australia contribute 

cognitive gains to some children who participate in them (Coley et al., 2014; 

Organisation for Economic Co-operation and Development, 2011b; Warren & Haisken-
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DeNew, 2013). These three studies together, however, present findings that suggest it is 

unlikely that Australian ECEC programs are playing a significant role in narrowing 

cognitive achievement gaps. Given ECEC programs potential to not only lift children’s 

learning and developmental outcomes but also narrow the gaps between children from 

different socioeconomic backgrounds, this represents a missed opportunity to meet 

policy goals to boost equity and productivity at the source – very early in life. ECEC 

programs are not meeting this potential because, on average:  

• The level of instructional quality is low,  

• Children from more affluent backgrounds are more likely to attend the 

ECEC programs where instructional quality is higher, than children from 

low SES backgrounds, and  

• The current arrangement of the ECEC market has many simultaneous 

policy goals that compete against each other, raising children’s social 

and academic achievement being only one of the many goals. 

The studies presented, therefore, have implications both for the ongoing quality 

improvement of all ECEC programs and for improving equity of access and outcome 

for children from low SES backgrounds.  

This section outlines the implications for ECEC policy and the sector, as a result 

of this research. The focus of this section is to identify how the results of the studies 

conducted can plausibly contribute to new ways of thinking about, arranging, and 

organising the Australian ECEC market to have a greater impact on children’s 

development and narrowing SES gaps. This section also makes remarks about the ease 

or difficulty in achieving better equity of access to ECEC programs. Importantly, this 

section considers how likely it is that ECEC programs in Australia could act to narrow, 

and potentially close, SES achievement gaps in the short and long term.  

Quality improvement. There is clear evidence that the average level of 

Instructional Support quality, most likely to lift cognitive outcomes, in Australian 

ECEC programs is low in nearly all ECEC services (Tayler et al., 2013). This thesis 

expands this finding to show that less than one per cent of children attend ECEC 

programs rated as high on Instructional Support. This level of instructional quality is not 

likely to deliver the stated goal of Australian ECEC policy of “improv(ing) the 

educational and developmental outcomes for children attending education and care 
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services” and sets a high priority for “continuous improvement in the provision of 

quality education and care services” ("Education and Care Services National Law Act," 

2010, p. 12.). 

The moderate range on the Instructional Support scale has been speculated as a 

minimum level required for cognitive and academic gains for participating children 

(Burchinal et al., 2010). The results, however, suggest there are small positive gains to 

be had even with small improvements in the low to medium range of the scale. In order 

to achieve moderate impacts on children’s learning and development, it is reasonable to 

suggest as a minimum most ECEC programs would need to score, at least, in the 

moderate range of the Instructional Support scale. To raise quality on Instructional 

Support to a level where most ECEC programs are considered moderate quality would 

necessitate an increase, on average, of more than one standard deviation. To move 95 

per cent of Australian ECEC classrooms into the moderate range would mean shifting 

the mean by more than two standard deviations – implying the need to near double 

scores on this scale (based on empirical distributions given in Tayler et al. (2013)). 

These are large changes required within the specific pedagogical practices of ECEC 

programs and this would require significant, sector wide initiatives to improve this 

aspect of program quality.  

It is not clear that the QIP within the NQF can achieve these changes. Early 

evidence suggests that there is only a weak correlation between the NQF measure and 

CLASS. While the majority of ECEC services are Meeting the standard (including 

services operating in the lowest SES areas and with the greatest incidence of children 

being not ready for school) (Lamb et al., 2015) the same services are rated low on the 

CLASS Instructional Support measure (E4Kids, 2014a). Because the majority of ECEC 

services are already meeting the standard, it is not apparent how ECEC programs would 

improve on the instructional components of their educational program and practice 

without additional external incentive or reform.  

Short term quality improvement. In the short term, ongoing quality 

improvement is essential despite questions that might be asked about the alignment of 

the NQS to international measures of ECEC program quality, such as Instructional 

Support. There are undoubted benefits of securing continual quality improvement, 

especially for the minority of services not currently Meeting the NQS. Demonstrated 
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quality improvement is likely to bring an improved perception of the sector, and the 

overall quality of the environments provided. In-service professional development for 

educators may be used to lift Instructional Support as part of a targeted program. 

Strong leadership on quality advocacy by government and the professional 

associations within the ECEC sector may also be an important precursor to lifting the 

expectations of families, and ensuring they demand high-quality environments. 

Increasing the visibility of NQS ratings may be an impetus, however the NQS quality 

areas may not be sufficiently sensitive to detect the level of support needed within 

educational programs and practices.  Visibility of the ratings by families is a currently 

identified limitation of the NFQ on the demand side (Hall and Partners, 2014). 

The Australian Federal government’s current rhetoric is not aligned with 

continual quality improvement or advocacy for high-quality ECEC provision. Instead, 

the key focus, in terms of political talking points, is about reducing the price of child 

care and providing flexibility of choice to families (e.g., providing subsidy for au pairs) 

(Liberal Party of Australia, 2013) (also include a Labor Party ref as both use this 

rhetoric). Similar rhetoric is seen in the scoping and the recommendations of the 

Productivity Commission’s review of ECEC provision, which included 

recommendations of broadening subsidy to include more home-based options, rolling 

back changes in adult–child ratios, and reducing qualification requirements for staff 

(Productivity Commission, 2015). 

Finally, there is an opportunity to use the few government-managed ECEC 

services in operation as demonstration sites. Committing a set of ECEC programs to be 

of highest quality (e.g., Excellent under the NQS) is a way to address quality 

improvement on the supply side, especially if sites are chosen in localities with high 

prevalence of children from low SES families. Demonstrating that services can provide 

everyday ECEC programs at the highest level on an ongoing basis represents a 

commitment to quality and would develop a model to provision of ECEC programs in 

diverse settings (e.g., long day carte, family day care). Such services could also partner 

in research to demonstrate the magnitude of the impact of their programs on children’s 

learning and development, and the alignment of the NQS ratings with other, established 

measures of ECEC quality. 
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Long term quality improvement. The current NQF provides a floor on quality 

that is based on maximising safety and reducing risk: ECEC programs rated below 

Working Towards the NQS and are deemed to represent a risk to the safety, health, or 

wellbeing of children in the service and are subject to compliance action that may 

include suspending or cancelling the services’ licence. However, at the other end of the 

scale there is also a ceiling: services that are rated to be Excellent are rated so to 

“recognise providers and educators who are champions of quality improvement”. The 

rating of excellent is awarded, on application, to services that have been rated as 

Exceeding the NQS and meet criteria established by ACECQA (Australian Children’s 

Education and Care Quality Authority, 2015). This ceiling, however, is unlikely to 

represent the absolute highest level of ECEC program quality. As part of the continual 

quality improvement agenda, and as services continue to be rated more highly through 

the QIP process, it should become necessary to increase both the floor and the ceiling. It 

may be reasonable to keep the current floor (Working towards…) anchored to a standard 

set around minimum safety standards, however the ratings above should move ahead of 

the current distribution to provide a regulatory incentive to improve quality. The higher 

ranks of the NQF should be associated with greater developmental gains for children 

than the lower ranks, and this prompts the establishment of studies that test the 

alignment of high NQS levels with children’s outcomes, which under the NQS are not 

measured. That they potentially do not align is a problem common with other 

international systems of monitoring ECEC programs and systems (Sabol et al., 2013). 

There is an opportunity to improve knowledge about the links between ECEC service 

quality and child outcomes in systems such as the NQS in Australia, where there is, 

already, policy and governance that involves visiting and assessing every ECEC 

program, and an intent for the programs to have impacts on children’s learning and 

development. 

An excellent source of information about the extent to which the NQS should 

shift over time is ratings of services on validated measures including the CLASS. Co-

rating the NQS with established measures of ECEC quality will aid in refinement of the 

items that services are rated against, and the scaling that represents the standard to 

which ECEC programs rated as excellent are measured against. This may also be useful 
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in rationalising aspirational policy targets about the highest levels of quality to be 

achieved over the longer term – e.g., how much is enough? 

There is also a substantial opportunity to complement the existing NQS by 

adding assessments of children’s learning and development – at minimum to help show 

the levels of impact on learning that the Centre is attaining. Unlike at present, where 

international research and infrequent domestic research is used to justify the 

effectiveness of ECEC programs, establishing core competencies that can be measured 

using established (and normed) measures would provide an opportunity to demonstrate 

the (growing with quality improvement) contribution of ECEC programs to children’s 

learning and development. The WJIII, normative data for those younger the four 

notwithstanding, provides an age-appropriate way of measuring cognitive abilities in 

children as young as 24 months. It is known that by ages two and three children vary 

greatly in their cognitive abilities and this is strongly predictive of their abilities at 

school entry (Tayler et al., 2015). Early and age appropriate assessments provide an 

opportunity to identify and intervene on gaps and to match child development to ECEC 

program quality. 

An equity focus. The studies presented highlight the strong selection effects that 

work to sort children into ECEC programs in a non-uniform way. The lower availability 

and quality of services in low SES areas reduces the likelihood that children from low 

SES backgrounds will enter high-quality ECEC programs. This is because the large 

majority of families travel fewer than three to five kilometres to attend ECEC programs. 

This equates to areas mostly in their own neighbourhood. Family SES characteristics, 

further, like income and other (measured and unmeasured) preferences for ECEC 

quality also act against the likelihood that children will be uniformly allocated to high-

quality programs. Families with higher incomes and educations tend to preference 

quality higher than other families. Together, this means it is highly unlikely that ECEC 

programs are delivering on the goal of “overcoming disadvantage and its longer term 

social consequences”, which is cited as one of the reasons governments are involved in 

ECEC programs in the Productivity Commission’s terms of reference of the inquiry into 

childcare and early childhood learning (Productivity Commission, 2015, p.13.). 

One of the reasons that may explain why the current ECEC market does not 

have uniform participation by family SES is in the incentives provided through the 
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subsidy system. The current subsidy system provides for more hours of participation 

(24 hours of subsidised hours versus 50) for families that meet the work/training/study 

test. Spaces are also allocated to families meeting the work/training/study test over 

families from low SES backgrounds (see Chapter 2). This approach to allocating 

children to programs discounts the intergenerational nature of disadvantage. Children in 

homes with low employment and who do not meet the work/training/study test 

potentially stand to gain the most from participating in ECEC programs, and yet their 

families are potentially paid less subsidy or are given less priority on waiting lists. This 

approach also has the effect of creating less demand for ECEC programs in lower SES 

areas. 

The largest disparity in the exposure to quality occurs in the years farthest from 

school. The largest gap between families from low and high SES backgrounds in terms 

of ECEC quality occurs when children are at ages two and three. As children get older, 

quality becomes more homogenous and the gaps between families of different SES 

backgrounds become less pronounced. This, in part, could be because of the more 

universal, education-focused nature of kindergarten and school programs. Participation 

in these programs is also near 100 per cent for schools and greater than 90 per cent for 

kindergarten (Steering Committee for the Review of Government Service Provision, 

2015). Results from this thesis show that there is no undersupply of kindergarten in less 

affluent areas – there are as many of these programs available in less affluent areas as in 

the highest SES areas implying that there are ways to ensure supply and demand is as 

great in low SES neighbourhoods as in more affluent neighbourhoods (Cloney, 

Cleveland, Hattie, & Tayler, 2016). In contrast, there is uneven availability of long day 

care programs in less affluent areas. In the youngest aged groups, predominantly infants 

and toddlers, long day care programs are structured so that they are staffed by lower-

qualified and less-experienced staff (Cleveland, Tayler, Colley, & Cloney, 2012). This 

is speculated to be an approach to managing the costs associated with delivering 

programs to children of lower ages (where regulations require greater adult-child ratios) 

and avoiding cross subsidisation whereby families of older children partially pay to 

cover the higher costs of delivering programs to younger children. Because of the 

known SES gradients for quality, this may be exacerbated in low SES areas where 

demand is lower (and so is supply) and play a role in the substantial quality gap for 
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younger age children according to family SES. This is of concern because recent 

Australian evidence identifies that children at younger ages, who do participate in 

programs (relative to those who do not) appear to gain significant benefits (Coley et al., 

2014). By implication, those who do not participate and those who participate in lower-

quality programs (on average) will miss out, particularly on early cognitive gains, and 

these are disproportionally children from low SES backgrounds.  

 Short term equity improvement. There is a clear issue relating to the identified 

SES gradient for quality. Specific interventions at the local level could support initial 

efforts to lift ECEC service quality ratings. The kind of intervention needed to lift 

quality in low SES areas is unclear, although findings within this thesis point to 

potential levers. While providing professional learning and monitoring at the local level 

could be useful, so too could be support to maximise staff retention, or child enrolment. 

It is as yet unclear what the mechanism is behind the SES gradient for quality and this 

warrants further investigation (see below). Whatever intervention is implemented, it 

should target children in ECEC programs in the years farthest from school: the largest 

disparity in the quality of ECEC experienced (in E4Kids) was in the toddler-aged 

classrooms in long day care services. A focus on increasing equity must initially target 

the most pronounced disparity. 

Moves to narrow the observed quality gap would improve children’s outcomes, 

if only by a small magnitude. Increases in the region of one half of one standard 

deviation would be required (on the CLASS scales) to move average quality observed in 

the lowest SES areas to that observed in the highest 40 per cent of areas (Cloney, 

Cleveland, Hattie, & Tayler, 2016). This magnitude is more manageable than identified 

above in the section relating to quality improvement, and is argued to be achievable in 

the short term. The resulting effects, however, would be of similarly lower magnitude. 

Study three in this thesis suggests effects for this magnitude of change would be in the 

range of one month of development for cognitive skills. 

The kind of interventions needed to lift quality in low SES areas is unclear. 

Some work has been done to try and partial out varying components of ECEC programs 

and how they relate to ECEC quality. The findings suggest that the education focus of 

the program (e.g., that it is a kindergarten program rather than a long day care program) 

and some aspects of teacher qualification and experience are related to producing higher 
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observations of quality on the CLASS (Cleveland, Tayler, & Cloney, 2012). Direct 

support, at the local level, including special funding (e.g. to support staff recruitment 

and retention) and development (to improve practice), to ensure programs in low SES 

areas have comparable levels of educator expertise and an education focus (e.g., 

curriculum and planning) could support quality improvements. Such an intervention 

could be structured against the existing NQS quality areas that cover staffing 

arrangements (QA 4) and educational programming (QA 1). Such measures would aim 

to provide support to ensure services in low SES areas include educators qualified 

above the minimum standards and run programs that score above average on the NQS. 

Results from this thesis show there is nexus between particular aspects of ECEC 

program quality and specific children’s outcomes. It is imperative that efforts to raise 

quality are explicitly targeted towards specific pedagogical practices that have been 

demonstrated to impact the outcome that is being targeted. 

Long term equity improvement. 

Longer term strategies to improve equity, in view of the focus of this thesis, are 

also centred on increasing the quality of ECEC programs and address the objective of 

raising levels of program participation. The OECD identifies increased participation in 

education as a key measure of resilience (Organisation for Economic Co-operation and 

Development, 2011c), and longer-term achievement (Organisation for Economic Co-

operation and Development, 2006). Given the evidence included in this thesis, the focus 

on increasing participation should be toward the years farthest from school. Where there 

is universal access, e.g., funded kindergarten programs for four year old children in the 

year prior to school, there is already notably higher with upwards of 90 per cent of 

children participating in kindergarten programs, across Australia (Steering Committee 

for the Review of Government Service Provision, 2015). There remains a challenge to 

increase participation in the years prior to the universal ECEC and school system: for 

children aged less than four years participation is lower and it is correlated with family 

SES (Harrison et al., 2010). 

Long term approaches to lifting participation, particularly for families from low 

SES backgrounds, should focus on reform of the ECEC sector. This is specifically 

related to the subsidy system, and incentives provided to families to use ECEC 

programs. The present subsidy system may act to reduce participation of the families 
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from lowest SES backgrounds. To lift the use of ECEC programs in the Australian 

ECEC market system, thereby increasing demand and the availability and quality in the 

local market, families from the least advantaged backgrounds could be provided 

incentives to use more ECEC. This may be achieved in two ways. The first is to 

increase the number of subsided hours for low SES families so these families 

experience parity with families from more affluent backgrounds. The second is to 

reduce the out-of-pocket expenses incurred by families from the lowest SES 

backgrounds. 

The Productivity commission makes the concession that “enabling the lowest 

income families … some access to subsidised childcare without meeting an activity test 

may boost ECEC participation and improve child development outcomes for this 

group”. This thinking, however, is not reflected in the recommendations made later by 

the Productivity Commission. Instead, the recommendation is that a new Early Care and 

Learning Subsidy (ECLS) “limited to 20 hours/fortnight for children of Parenting 

Payment recipients who fail the activity test” (Productivity Commission, 2015, p. 21, 

p.654). Such a recommendation would reduce (by 28 hours per fortnight) the subsidies 

availability of ECEC programs for children from low SES families that do not meet the 

activity test. Families that do not meet the activity test already receive fewer than half 

the subsidised hours of other families.  

The second option, to increase the subsidy paid to these families, would reduce 

the out-of-pocket costs of using ECEC programs. Modelling in the Report on 

Government Services illustrates that households, no matter their income bracket, pay 

approximately equal proportions of their disposable income on out-of-pocket expenses 

for ECEC programs (approximately 10 per cent). This modelling does not capture the 

disparity in usage patterns and may conceal differences in the relativities of disposable 

income as a measure of affordability at different household incomes. That is, families 

with a household income of $35 000 may be less willing or able to spend 10 per cent of 

their income on ECEC programs relative to higher income families. A reason for this is  

that other household expenditure is not constant across income groups. Housing for 

example represents a high proportion of the disposable income of low income 

households and more often manifests itself as housing stress in low income groups 

(Australian Institute of Health and Welfare, 2014). A household spending more than 30 
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per cent of its income on housing would spend a greater proportion of its income on 

ECEC programs (10 per cent of less than 70 per cent remaining) compared to a house 

spending 15 per cent (10 per cent of 85 per cent remanning). Decreasing the proportion 

of disposable income spent out-of-pocket on ECEC programs as household income 

decreases would act to increase the use of ECEC programs and the demand for it in the 

local market. Given the potential to narrow gaps associated with family SES, there is a 

plausible argument that ECEC programs should come at zero out-of-pocket cost to 

families from very low SES backgrounds. Such a cut-off should be tied to those at risk 

of underperforming on academic and cognitive assessments in school. Such an approach 

is an empirical approach to graduating increased fee subsidy to families toed to the 

specific focus of narrowing SES gradients. 

In the Australian ECEC market context the supply side could be plausibly 

thought of a lag indicator following demand. As demand in the local market increases, it 

is logical to expect that ECEC providers will respond by providing more services. The 

results in this thesis do not suggest that there is a supply side issue relating to for-profit 

operators avoiding low SES areas due to concerns of profitability (Cloney, Cleveland, 

Hattie, & Tayler, 2016). There is also speculation that as supply expands, ECEC quality 

may lift as operators differentiate to attract enrolments (Cleveland & Krashinsky, 2009). 

Increasing the demand in low SES areas, through incentives to families (e.g., increased 

subsidy or access to more hours through easing of barriers including the 

work/training/study test) is likely to increase the supply of ECEC programs. The 

recommendations above, further, to offer short-term targeted support for quality in low 

SES areas, and to provide long-term advocacy for quality improvement and monitoring 

across the sector will support long term quality improvement in low SES areas. Such a 

pattern would be realised as greater equity of outcome as children from low SES 

backgrounds are exposed to, on average, higher quality programs aligned with their 

developmental progress and narrow the gap to their more advantaged peers. 

Competing interests in the ECEC market. It is without doubt that the current 

ECEC market in Australia sits in a policy context attempting to deliver both long-run 

human capital development for children who pass through it and short-run productivity 

gains for the parents of children who use it to facilitate work or study. Such a 

perspective was clearly stated in the recent inquiry into the sector: 
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The Government’s rationales for assistance to ECEC…rely on the 

generation of community-wide benefits from enhanced child development 

and increased workforce participation of parents. These objectives 

represent a mix of both economic and social goals. (Productivity 

Commission, 2015 p. 13.) 

These two policy goals are however not strongly aligned, and it is reasonable to 

suggest that short-run productivity gains in parent’s labour force participation are 

weighted more heavily in assessing the success of the sector. As seen above, in the 

Productivity Commission’s recommendations the prospect of increasing the availability 

of ECEC programs to low SES families, no matter their parent’s ability to meet the 

work/training/study test, was dismissed because such an approach “comes at the cost of 

potentially higher workforce participation” (Productivity Commission, 2015, p. 2). 

Indeed, it is possible to interpret the current operationalisation of the dual policy goals 

of children’s development and parent’s workforce participation as in tension.  

Such tensions are not new in the ECEC sector internationally with fragmentation 

of the ECEC sector across social services and education portfolios at different ages 

(e.g., education for kindergarten aged children and social services for child care) seen as 

a major barrier to optimal learning and developmental outcomes for children (Kaga, 

Bennett, & Moss, 2010; Organisation for Economic Co-operation and Development, 

2006). This is traditionally discussed in terms of the duality of care versus education: 

care for children typically aged zero to three and education commencing after. The 

criticism of such a split is that a fragmented approach delivers less to children who are 

younger because: (1) governments assume greater responsibility and hence invest more 

in education as a universal service than for welfare leading to inequities and limited 

opportunities for education for youngest age children (Kaga et al., 2010), and (2) 

education commencing after the birth to three period is counter to the evidence of 

optimal (Shonkoff & Levitt, 2010; Shonkoff et al., 2000) and efficient (Cunha & 

Heckman, 2009) human capital formation.  

There is a strong argument to disentangle the labour force policy from the 

education policy in such cases. This is particularly true given the greatest disparity in 

the receipt of ECEC quality is in the earlier years of participating in ECEC programs. It 

is apparent that quality is higher in universal programs (Tayler et al., 2013) including 
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kindergarten and school. The current child care policy approach, in particular, appears 

to be driving inequality rather than ameliorating it. 

Short term coordination. In Australia, in response to the fragmentation of the 

ECEC sector, there have been policy reforms towards a more coordinated approach. 

The NQF for example, brings a common standard for all ECEC services to be rated 

against – child care and kindergarten combined for the first time. This, however, has not 

meant that all ECEC policy is well coordinated. Under current government policy and 

recommendations from the Productivity Commission there remains a focus on reducing 

the cost and increasing the flexibility of using child care. This comes in the form of 

potentially reducing the qualification requirements of adults working with young 

children (including using unqualified nannies in-home) (see above). As recommended 

above in regard to quality improvement, shot term strategies to increasing coordination 

should focus on equating the policy stance between child care and kindergarten (and 

school) services. While current rhetoric is segregated (there is no suggesting that 

kindergarten programs could be delivered by less qualified staff or that that price of 

delivery is too high) so too are public expectations about the ECEC sector for young 

children. 

Long term integration. Coordination has not addressed all examples of 

fragmentation. Child care workers, for example, are paid less and are able to hold lower 

qualifications than their colleagues in kindergartens. Further, there is no universal 

entitlement for young children to educational programs. Children squeezed out by 

waiting lists or barriers related to the costs of fee-based services are not entitled to a 

universally subsided place until they enter school system. Long term strategies to 

address this inequity centre on integration of the ECEC sector under one portfolio with 

specific focus on the learning and development of children. 

Integrated ECEC with an education focus is a highly complex goal because the 

sector attempts to deliver many social and political outcomes simultaneously. The 

ECEC sector has a role to play in children’s learning and development, productivity 

(both short and long term), gender equity (e.g., women’s participation in the workforce), 

and social welfare (e.g., poverty reduction). An ECEC system integrated with a core 

focus on children’s learning and development requires a reimagining of the core 

purpose of ECEC in the early years away from parent’s labour force participation. A 
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focus on universal access to high-quality ECEC for all children would constitute a large 

structural change away from the current approach to child care (primarily in long day 

care services). Such a change, however, would bring with it many positive 

consequences. A fully integrated ECEC sector would act as public advocacy for high-

quality education for all children and reduce the inequities related to availability, access, 

and use. Such a change would also, potentially, lead to a growing of the esteem of the 

ECEC sector and the role child care workers play in children’s learning and 

development (Kaga et al., 2010). 

Opportunities for future research 
This section aims to critically evaluate the body of work undertaken in this 

thesis and recommend how it could be extended to add further to the findings. As part 

of this evaluation, the limitations of the work will be considered and potential 

approaches to overcome them in the future discussed. This section is presented in three 

sections aligning with the three studies in this thesis: the first addressing the availability 

of quality, the second family selection into ECEC programs, and the third the impact of 

ECEC programs on children’s learning and development.  

 Availability of ECEC programs. There has been an increase in access to data 

about the availability of ECEC programs. ACECQA, for example, offers NQS data to 

the public that includes the rating as well as information about the services (e.g., 

location, capacity, and auspice). Further interrogation of this data, especially the use of 

geo-spatial analysis and mapping visualisation (e.g., GIS), has the potential to grow the 

understanding of how the local market or neighbourhood is related to the availability of 

spaces and ECEC program quality. 

There is however, much ongoing work required in the research of ECEC quality 

and its availability. At the most basic level, there remains a great deal of contention 

regarding the measurement of ECEC program quality, even amongst the authors of 

widely accepted standardised measures (Hamre et al., 2014). The measurement 

approach used in this thesis made a new contribution by accounting for change in 

quality within classrooms over repeated observations. There is however ongoing work 

to critically evaluate this and other approaches being used. For example, one hypothesis 

that remains to be tested is that as the measurement of quality (e.g., validity and 

reliability) improves, the measures should show increasing discrimination in the 
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outcomes they are correlated with. This is postulated in earlier work that suggests that 

measures of quality are developmentally domain specific. Measures of direct teaching, 

for example, should be more strongly correlated with cognitive outcomes than measures 

of warmth or emotional climate (National Institute of Child Health and Human 

Development Early Child Care Research Network, 2003). This pattern would be 

expected to strengthen as the inter-correlations between independent measures of 

quality are reduced (Cloney, Nguyen, Adams, Tayler, & Cleveland, 2015). 

Interrogation of the measurement of quality should also be further expanded to 

evaluate the monitoring and regulatory systems used currently in many countries, 

including Australia. There is support in this thesis and other published work (e.g., Sabol 

et al., 2013) that there is a disconnection between quality monitoring and rating systems 

and both standardised measures of ECEC quality and measures of children’s 

developmental outcomes. There is significant room to align the measures used in 

monitoring and rating systems with those used in standardised measures of quality. 

Such a conceptual mapping would provide insight, from the literature, into the expected 

relationship between measures of quality used in monitoring and rating systems and 

children’s developmental outcomes. 

The findings in this thesis imply that ECEC programs for younger children (zero 

to three) are the best targets to improve equity in the availability of ECEC quality. It is 

at these ages that the SES gradient is greatest. More research, however, is needed to 

explain the underlying mechanism that explains the diverse quality produced in such 

programs. One potential source of lower quality in younger-age, mostly, long day care 

classrooms are the staffing arrangement currently incentivised by the mixed market, 

demand-side subsidy orientation. There is some evidence that ECEC services manage 

costs for classrooms of younger age children (that require higher adult-to-child ratios 

under the regulations) by staffing them with lowest qualified, least experienced (and 

hence lowest salary cost) staff (Cleveland, Tayler, Colley, et al., 2012). This is, 

however, contested by the Productivity Commission, arguing that the cost structure of 

infant and toddler rooms are substantially higher and currently prices are subsidised by 

parents of older children (in classrooms with lower adult-child ratios) (Productivity 

Commission, 2015 p. 581.). New research is required to establish if this and other 

structural elements are varying between ECEC services and across levels of SES to 
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impact the observations of quality. Such research would also provide insight into the 

underlying inputs that contribute to ECEC quality and therefore provide evidence into 

the most effective approach to increase quality. If these structural characteristics varied 

by area SES, this would also produce new evidence into specific areas to reduce the 

observed SES gradient for ECEC program quality. 

Decision-making about ECEC programs. In the first study, it was found that 

the local market is an important predictor of the level of ECEC quality available to the 

family. In the second two papers, a proxy measure of the availability of ECEC in the 

local market is used. This is the number of available spaces in the family’s 

neighbourhood (postcode). While this is computationally efficient, it does cluster (e.g. 

potentially biasing standard errors) where many families live in the same 

neighbourhood. A more accurate measure would be derived from a dataset that 

estimates the distance from each family’s home to every ECEC program. From this, a 

variable could be estimated at (for example) the mean distance travelled by families to 

ECEC programs (5.14 km in Australia (Cloney, Cleveland, Hattie, & Tayler, 2016)) 

representing the capacity available to them. Such an approach would require a modest 

amount of computational power and access to the commercial Google Matrix API 

(Google, 2014) to reproduce the methods on a much larger scale used in the first study 

presented in this thesis. 

There are also opportunities to conduct new inquiries into how thinking about 

the local ECEC market could be extended. Novel variables like the family’s work 

locations could be used to expand the knowledge of the set of ECEC programs available 

to a family. This data was missing from the E4Kids data set and so could not be 

estimated. It is also unclear whether families, on average, use ECEC programs near to 

their workplace (and not near to their homes) in significant numbers. This data would be 

available in government records, or available by conducting new sampling for a specific 

study.  

There is also an opportunity to extend the work conducted on family decision 

making. In this thesis, the repeated choices of families were observed however the 

expressed preferences of parents were not surveyed. Such data would provide insight 

into the elements of ECEC programs that families attend to and prioritise. Some in-

house work has been conducted in Australia, however this is not widely available (Hall 
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and Partners, 2014). This analysis would help identify how to partial-out the observed 

difference in the use of ECEC programs between families of different SES 

backgrounds: some difference can be attributed to differential availability in local 

ECEC markets, however, some can also be attributed to family characteristics, 

preferences, and beliefs. While this thesis can capture the family characteristics that are 

correlated with differential patterns of use, it has not been able to formulate a detailed 

taxonomy of their decision making process families use. This information is important 

to know how to implement policy in a demand-side market that aimed at lifting 

participation in ECEC and participation on high-quality programs. 

 The impact of effective ECEC programs on cognitive development. 

Observational data was used to carefully analyse the patterns of selection into ECEC 

programs for families from low SES backgrounds. This approach provided new 

insights, however, the sample design is also a limitation. When estimating the effects of 

ECEC programs on children’s development there are strong selection effects meaning 

allocation to ECEC programs is non-random. While careful methodological approaches 

can be used to mitigate the effect of selection effects, it is still likely that there are some 

unobserved traits of the child, family, home, or community influencing both allocation 

to programs and children’s development that erroneously attributed to the ECEC 

program. While the effect is likely small given the use of a robust set of covariates, it is 

difficult to be certain of the true magnitude of the effects (Brooks-Gunn, 2003). This is 

especially true for children from low SES backgrounds that are, simultaneously, the 

children most likely to benefit from and the children least likely to participate in high-

quality ECEC programs. Randomised control trials (RCT) offer and opportunity to 

better estimate the true magnitude of the effect of programs and to identify if there are 

true heterogeneous treatment effects as suggested in the international literature (Duncan 

& Sojourner, 2013). 

There have been no RCTs conducted in Australia relating to the general 

influence of program quality on children learning and development in the population. 

Developing such research could help to unpack the specific magnitude of the effects of 

ECEC on children’s outcomes and look more closely at the issue of whether there is a 

dose-response for ECEC programs. For example the estimates of the magnitude of 

effect in this thesis (study three) are smaller than in some US studies despite evidence of 
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simular levels of quality in the two populations (Tayler et al., 2013). Further, no dose 

response is observed. While the dominant thinking is that there is not strong evidence 

for a dose response (National Institute of Child Health and Human Development Early 

Child Care Research Network, 2003) experimental work would help to provide stronger 

evidence. 

There are significant barriers to conducting true RCT work in Australia on large 

scales. It is unlikely that families will consent to researchers manipulating the duration 

and level of quality their children experience (if not least of all because of the 

inconvenience it would cause). There are, therefore, opportunities to further develop the 

observational work being undertaken here. For example looking for strong instruments 

(instrumental variables) to create better quasi-random models would be of great value – 

particularly around periods of policy change (Duncan & Gibson-Davis, 2006). Other 

approaches, including regression discontinuity designs could be applied around hard-

age or other eligibility cut offs to look at specific interventions: for example 

kindergarten or school entry. A number of these exist internationally but as yet have not 

been conducted in Australia (Dee & Sievertsen, 2015; Duncan & Sojourner, 2013; 

Gormley et al., 2005). 

Concluding remarks 
The major objective of this thesis was whether ECEC programs are delivering 

on their potential to narrow SES achievement gaps. There is strong evidence presented 

here that they are not. This is, however, not an entirely unexpected result. Inequality 

related to family SES is observed for school achievement, and adult earnings. The 

findings presented here demonstrate that the intergenerational nature of inequality 

reaches back to the youngest ages. 

The findings should, however, be construed as positive. Current, everyday 

ECEC programs are delivering small positive effects for children’s cognitive 

development. The magnitude of the observed effects is smaller than those suggested by 

model programs which present a substantial opportunity to contribute more to 

children’s learning and development. There is, furthermore, an opportunity to act ensure 

ECEC programs act as the “great equaliser” that they promise to be. The important 

conclusion is that change can deliver impact. 
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The most important finding may be that the distribution of ECEC programs and 

their quality is lumpy: inconsistent and non random. The inequality in the availability 

and quality of ECEC programs is strongly related to family and neighbourhood SES. 

The solutions in the short term are therefore local. Because families must travel to 

ECEC programs it is not sufficient to incentivise families to travel where there are more 

programs or greater quality (e.g. through vouchers or other subsidy) as this does not 

address the local recourse deprivation and instead imposes a burden of greater 

(transport) costs on less advantaged families.  

Long term solutions to ensuring ECEC programs contribute to narrowing SES 

achievement gaps must focus on strong leadership for quality and a progressive 

movement towards full integration of early learning. Competing policy goals, and a 

fragmented system limit the potential of the sector to deliver benefit, particularly for the 

youngest children. To move to deliver the kinds of investments in human capital 

development that reduce SES gradients and deliver on the potential of ECEC programs 

requires a rethinking of the priorities of the sector. Kindergarten and school education 

are confronted with less of a burden to prove themselves as cost effective and 

efficacious educational interventions because they have the acceptance and legitimacy 

of being part of the classical educational institutions. Ongoing advocacy, quality 

improvement, growing the esteem of the sector, lifting skills and qualifications will all 

contribute to child care and programs for very young children delivering on their 

potential but will also, no doubt, change the way their core purpose is perceived. 
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Appendix A: Memo to the E4Kids Executive prepared 
by Dan Cloney, 26 August 2011. 

 

Non Independence in E4Kids Outcomes Measurement: Intraclass 

Correlation Coefficients in CLASS, SDQ and WJ III scores. 

 

This research brief proposes a methodology of calculating the extent to which 

our outcome measures are related to classroom membership. 

E4kids is a non-experimental design that observes learning and development of 

children in their every-day environments.  Because of this, there are likely both 

observed and unobserved characteristics of child, family, home and community that are 

influencing the allocation of children to ECEC program.  These selection effects are 

confounded in the effect of the classroom environment in producing outcomes.  

Selection effects may cause us to over or underestimate the real effect of the ECEC 

environment on developmental outcomes. 

If we are to describe the effect (of facets) of ECEC environments on children’s 

development, we must explore the impact of this non-random allocation to group and 

disentangle what is the contribution of the ECEC environment and what is the 

contribution of the communalities within the group that makes up the classroom. 

The Intraclass Correlation Coefficient (ICC), when calculated on an outcome or 

dependant variable, estimates the proportion of the variance that can be explained by 

group membership.  In our case, we can readily calculate the contribution of 

membership in a classroom or service as this is an explicit demarcation in our data set. 

Other clusters we may be interested in include postcode or locality of families 

and pseudo-clusters (groups of children or families created for analytic reasons e.g. 

increasing cluster size). 

For the purpose of this brief, we will focus on the explicit group membership of 

classroom. 
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Methods and Results. As a proof of concept, ICC125 (Bartko, 1976; James, 

1982) is calculated for a known outcome with very high (plausibly 100% of variance 

explained) ICC1 – CLASS scores, where each child is assigned the room’s CLASS 

score (that is the score for each child is equal to the group mean).  Following this, ICC1 

is calculated for two E4Kids outcomes measures: SDQ Emotional Symptoms sub scale 

and WJ III Brief Intellectual Ability W score.  ICC1 is calculated as a contrast between 

the within group and between group variance components from a one way, random 

effects ANOVA (where the outcome variable is regressed on n-1 dummy variables, 

where n is the number of groups). Results are summarised in Table 1. 

                                                
25 ICC1 represents the proportion of variance accounted for by group 

membership. 
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Table 1. ICC1 for 3 Measures in E4Kids 2010 Data. 

  CLASS Emotional Support1 SDQ (Emotional Symptoms) WJ III (BIA W) 

ICC12 0.99 0.03 0.33 

ANOVA3 F(234,1834) = 7865.00 F(222,1234) = 1.23 F(223,1656) = 5.14 

  p < 0.01 p = 0.02 p < 0.01 

1
 This is a test case where the individual score is equal to the group mean and therefore will yield and ICC approaching 1 

2
 Intra Class Correlation  

	 	3
 Analysis of Variance 

	 	



 269 

Table 1 illustrates that in the test case, there is a very high ICC1 (approaching 1) as 

expected.  In the cases of the two outcome measures, there are two different outcomes: a 

relatively low ICC1 for SDQ (group membership is accounting for ~3% of the variance in 

SDQ scores) and a more significant ICC1 for WJ III (group membership is accounting for 

~33% of the variance in WJ III BIA scores).  It should be noted that this order of ICC1 is also 

reflected in the magnitude of the F statistic from the ANOVA. 

It is plausible that these ICC scores could be caused by a subset of groups that are 

different from most in the sample and highly homogeneous.  This would lead us to falsely 

interpret the ICC and conclude that group membership is highly related to the outcome.  To 

explore this, we can plot the ordered (low to high) observed mean of each group alongside 

the ordered bootstrapped mean of a given number of simulations of the data where children 

are randomly allocated to pseudo groups/rooms (of the same sizes as in the observed groups).  

In the case where outlier groups are creating a misleading ICC, we should observe that most 

observed group means fall between the confidence intervals of the bootstrapped means.  

Where the observed group means consistently fall outside the bootstrapped confidence 

intervals, we can be confident that the estimated ICC reflects a cluster effect.  Figure 1, 2 and 

3 plot the observed group means (bars) along the bootstrapped means (solid line, 1000 

simulations, dashed lines represent upper and lower 95% confidence intervals) for CLASS, 

SDQ and WJ III respectively. 
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Figure 1. Observed group means of CLASS Emotional Domain plotted alongside bootstrapped group 
means. 

 

Figure 1 is a test case that shows the distribution of means expected where ICC1 is 

very high and highly related to all group memberships.  That is, nearly all group means are 

outside the confidence intervals of the bootstrapped group means. 
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Figure 2. Observed group means of SDQ Emotional Symptoms plotted alongside bootstrapped group 
means. 

 

Figure 2 illustrates the case of a low ICC1, where observed group means appear to 

follow the distributions of bootstrapped group means.  This translates to a low design effect 
26for this outcome variable in E4Kids. 

                                                
26 Design effect (deff) is the factor by which sample size can be divided to produce 

and estimate of effective simple random sample size.  It essentially inflates standard errors of 
parameter estimates. 
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Figure 3. Observed group mean of WJ III BIA W plotted alongside bootstrapped group mean. 
 

Figure 3 illustrates the ICC1 of WJ III BIA scores (ICC1=0.33).  It is clear that this is 

not caused by a select subset of groups, but a function of the sample.  This is an interesting 

result that illustrates that there are indeed effects that must be disentangled before we can 

make statements about degree to which ECEC environment causes change in children’s 

cognitive abilities.  

Discussion. There is a caveat on these results. This analysis is done on preliminary 

data prior to release to the research team. I recommend reviewing the parameter estimates 

when the final data is release.  
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Some of the observed ICC is a treatment effect. That is, what we are interested in 

observing – what is the effect of the classroom on these student’s results. Some of the ICC is 

attributed to selection – that is background variables that are correlated both with selecting 

into this classroom and achieving this outcome score. Modelling this will be vital to make 

plausibly causal models. 

Gord Cleveland raised the issue of using the ICC as a measure of within-group 

validity. That is, in other studies where 1 child is taken per classroom (to maximise the 

number of observed classrooms), is it reasonable to then make generalisations about the 

effectiveness of that classroom on children? As ICC approaches 1, you can make those sort of 

generalisations (individual scores represent a reliable estimate of group scores).  Whereas as 

ICC approaches 0, this is less likely as less clustering is observed and more observation 

within the classroom are required. 
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Appendix B: Submitted manuscript related to the 
measurement development for the Classroom Assessment 

Scoring System (CLASS) used in this thesis. 
 

The following manuscript was submitted to Journal of Applied Measurement. 
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Abstract  

The Classroom Assessment Scoring System (CLASS) is an observational instrument 

assessing the nature of everyday interactions in educational settings. The instrument has 

strong theoretical groundings; however, prior empirical validation of the CLASS has exposed 

some psychometric weaknesses. Further the instrument has not been the subject of 

psychometric analysis at the indicator level. Using a large dataset including observations of 

993 Australian classrooms – confirmatory factor analysis is used to replicate findings from 

the few validation studies. Item response modelling is used to examine individual indicator 

behaviour. Latent growth models are used to produce new findings about estimating factor 

scores.  

Findings show that the CLASS exhibits stable psychometric properties within 

classrooms over repeated observations. Model fit is improved and factor scores are more 

reliable when the repeated-observations made in administering the CLASS are accounted for 

statistically.  

It is recommended that researchers use enforce a fixed number of repeated 

observations to minimise bias.  

Introduction 

Young children’s learning is supported through social interactions. An environment of 

stimulating, stable and strong engagements with adults and other children builds the 

foundation for their learning (Meltzoff, Kuhl, Movellan & Sejnowski, 2009) and shared 

attention to tasks (Cain, Rudd & Saxon, 2007). Since the nature and quality of instruction 

within interactions has long been known to influence the rate of learning and level and type 

of achievement (Bloom, 1976) the quality of adult-child interaction in educational settings is 

an important plausibly casual determinant of child outcomes. Other, more readily measurable, 

aspects of early education quality, such as adult-child ratios, teaching qualifications, physical 
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space and materials, serve as pre-conditions for interactions, but the interactions themselves 

strongly influence outcomes (Burchinal, Kainz & Cai, 2011). Further, when strong measures 

of the interaction quality experienced by young learners are included in models that attempt 

to predict child outcomes greater levels of association are found (Chien, Howes, Burchinal, 

Pianta, Ritchie et al., 2010). The construct of interaction quality is important in predicting and 

influencing children’s learning and development. 

There is a substantial history of effort to measure interactional quality in educational 

settings, including giving differential attention to constructs such as ‘content’ or ‘procedural’ 

talk (Galton, Simon & Croll, 1980), questioning, structuring, feedback, praise or 

encouragement (see, for example, Good & Brophy, 2008; Dunkin, 1978; Flanders 1970), 

behaviour management, instructional clarity, variability and reinforcement (see, for example, 

Turney, Cairns, Williams Hatton & Owens, 1976; Emmer & Gerwels, 2002; Emmer, 

Evertson & Anderson, 1980). The tools used have been applied in association with both time 

and event sampling techniques and the procedures for implementation have involved careful 

training and reliability processes. 

The Classroom Assessment Scoring System (CLASS) is a prominent instrument that 

measures key aspects of classroom interaction quality. The CLASS is designed to assess 

Emotional Support, Classroom Organisation, and Instructional Support. Information on these 

three domains is gathered by making observations with respect to ten indicators, called 

dimensions, rated on a scale, called a domain, from 1 (low quality) to 7 (high quality): four 

indicators within Emotional Support, and three each in Classroom Organisation and 

Instructional Support. The two versions of the CLASS instrument applicable to children in 

the 3 to 5 year-old age group are the Pre-K version and the Kindergarten to Grade 3 version. 

These two versions assess classroom quality using the same three factors and the same set of 

ten indicators. However, the description of the indicators in the manual is contextually 
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appropriate to the specific developmental levels or age groups of each version of the CLASS 

(Pianta, LaParo and Hamre, 2008). The factors of CLASS and the mappings of indicators to 

factors are shown in Table 1. 

 

---------------------------------- 

Table 1: About here 

--------------------------------- 

The CLASS has been used in large scale research in the United States (for example 

the NCEDL and MET projects), in Finland (Pakarinen et al, 2010), Australia (Tayler et al, 

2013), and Chile (Treviño et al, 2012). Because of its capacity to reveal class-level 

interactions data that link to child educational and social achievement outcomes, the CLASS 

tool is one of a suite of tools approved by the US regulatory framework for Head Start-funded 

programs to demonstrate and build the quality of their practice. In 2012, the Office of Head 

Start set minimum thresholds for CLASS scores across the program whereby centres that do 

not meet set targets must re-compete for funding. For example, within the 2012 review, 

programs having scores within the lowest ten per cent in each CLASS domain were required 

to re-compete for funds (U.S. Department of Health and Human Services, 2012). Given the 

importance placed on this tool for research, professional learning, policy, and funding 

decision-making, progressive psychometric work is important to continue to validate use of 

the instrument in international contexts and strengthen the understandings of generalisations 

that can be made. 

The CLASS factors are based on development theory and empirical research that 

suggests that interactions between children and adults are the primary mechanism of 

children’s development and learning. The indicators does not assess the presence of specified 
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materials, the physical environment, health and safety, or the use of any particular curriculum 

but rather is based on observed interactions. 

The CLASS is descended from the Classroom Observational System (COS) used in 

the first, third and fifth grades during the National Institute of Child Health and Human 

Development (NICHD) Study of Early Child Care and Youth Development (NICHD, 2002). 

Some of the scales were also adapted from the Observational Record of the Caregiving 

Environment (NICHD, 1996). The theoretical and empirical support for use of the CLASS in 

prekindergarten/preschool was initially articulated in La Paro, Pianta and Stuhlman (2004).  

The CLASS score is calculated by rating each of the 10 indicators on a scale from one 

to seven. Observers attended to the classroom for twenty minutes and collect evidence about 

the range, frequency, intention and time of individual behaviours and actions within the 

classrooms. From this, inferential ratings are given. The process, named in the paper as a 

cycle, is completed a minimum four times and maximum of six times. The average of the 

indicator scores over the total number of cycles represents the final score for each indicator. 

The average of these values within factors represents the score for each factor.  

The CLASS has been tested and validated a number of times in different contexts and 

using different methods. However the fit of the measurement model has been consistently 

less than optimal (e.g., Pianta, La Paro & Hamre , 2008; Pakarinen et al, 2010). This paper 

explores the measurement properties of the original, theoretically-driven structural model. It 

also explores potential modifications that may improve the psychometric properties of the 

measure. 

La Paro, Pianta and Stuhlman (2004) presented the initial testing of the developing 

CLASS instrument as applied to 224 prekindergarten classrooms in six US states. In this 

study, the authors tested an instrument with nine indicators: Positive Climate, Negative 

Climate, Teacher Sensitivity, Overcontrol, Behaviour Management, Productivity, Learning 
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Formats, Concept Development and Quality of Feedback. A principal components analysis 

with varimax rotation found that a two-factor solution (Emotional Support – 36.7% and 

Instructional Support – 34.0%) accounted for 71.9% of the variance. Emotional Support 

included Positive Climate, Teacher Sensitivity, Behavior Management, Negative Climate and 

Overcontrol (alpha = 0.85). Instructional Support included productivity, concept 

development, learning formats, and quality of feedback (alpha = 0.88). The correlation 

between the factors was reported as 0.59 although it is not clear how this correlation was 

estimated. 

Subsequent confirmatory approaches to validating the measurement model, along 

with the progression of included indicators (e.g., Overcontrol being removed and Negative 

Climate being added) have shown that a three-factor model is a better fit to collected data 

(Hamre et al., 2013). The Technical Appendix to the CLASS manual (Pianta, La Paro and 

Hamre, 2008) provided the first published confirmatory factor analyses of the CLASS. They 

found factor loadings in the medium to high range and each factor had adequate internal 

consistency as measured by Cronbach’s alpha (0.76 to 0.94 across factors and studies). 

Emotional Support and Instructional Support were found to have better internal consistency 

and higher factor loadings than Classroom Organisation. Goodness of fit measures were 

typically below recommended levels. Chi-square divided by degrees of freedom varies from 

3.5 to 14.3 across 5 studies. RMSEA varies from 0.10 to 0.17. GFI is 0.89 to 0.97. AGFI is 

0.77 to 0.92. CFI is 0.93 to 0.98. TLI is 0.89 to 0.951. A three-factor solution has 

subsequently also been found to be a better fit in other data sets (Pakarinen et al., 2010). Most 

recently, Hamre et al. (2013) have repeated these findings concluding that a three-factor 

model is the best fit compared to one and two factor alternates in seven studies comprising 4 

341 preschool to sixth-grade classrooms. This study found mixed results with good RMSEA 

and inadequate CFI and TLI statistics (RMSEA = 0.04 CFI = 0.84 TLI = 0.83). However it 
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should be noted that this was using pooled data (from the seven studies) including indicators 

that were used in the COS and are not in the current CLASS or that have subsequently been 

dropped from the CLASS. 

In the technical appendix of Pianta, La Paro and Hamre (2008) it is concluded that 

CLASS scores are highly stable across time and that four cycles of observation provide an 

adequate sampling of classroom quality (p. 96). Looking at the mean and standard deviation 

of four consecutive cycles of observation in a study of preschool classrooms, the authors 

found that Emotional Support scores decreased linearly across cycles in a statistically 

significant way, and that there is a significant quadratic pattern for Classroom Organisation. 

However, there is no trend in Instructional Support across cycles. A similar linear declining 

trend was found in Classroom Organisation in a third-grade sample, and in the NICHD. 

Tayler, Ishimine, Thorpe and Cloney (2011) identified significant variation in the mean of 

indicator scores between cycles. Curby, Grimm and Pianta (2012) made similar findings, 

reporting a significant decline in Emotional Support and Instructional Support and “a very 

slight increase during Cycles 2 and 3, but then began to decrease” for Instructional Support. 

This could indicate that there may be systematic between-cycle differences in the way the 

instrument functions that lead to problematic psychometric results: when averaging these 

scores to calculate factor scores, this would introduce measurement error and potentially 

reduce both the validity and reliability of the scores. 

Pakarinen et al. (2010) have tested the validity of the CLASS in a non-American 

context and found it to be a similar fit to those findings from the U.S. These authors used the 

CLASS Pre-K instrument to assess interaction quality in 49 Kindergartens (in which children 

are 6 years of age) in Finland. While their initial three-factor model tested with confirmatory 

factor analysis did not fit the data well. When Negative Climate was removed, the fit 

improved but was still poor (e.g., RMSEA = 0.20). Then, using modification indices, the 
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authors decided to allow the residuals for Behaviour Management and Productivity to 

correlate and the residuals for Concept Development and Quality of Feedback to correlate. 

With these amendments, the authors concluded that the final three-factor model was 

adequately supported. Chi-squared divided by degrees of freedom was just less than 2.0, CFI 

was 0.96, TLI was 0.94, RMSEA was 0.14 and SRMR was 0.04 (Figure 1). The authors 

conclude that “classroom quality among Finnish kindergarten teachers can be best described 

by using either a factor model including three highly correlated factors (i.e., Emotional 

Support, Classroom Organization, and Instructional Support) or a second-order factor model 

with Overall Classroom Quality as a second-order factor and Emotional Support, Classroom 

Organization, and Instructional Support as first-order factors.” (p. 113). 

---------------------------------- 

Figure 1 about here 

--------------------------------- 

This study uses multiple approaches to contribute to the knowledge about the psychometric 

properties of the CLASS. Three complementary methods of analysis are used. Confirmatory 

factor analysis (CFA) and linear growth modelling (LGM) are both implemented using 

MPlus (Muthén & Muthén 1998-2011), and partial-credit item response modelling (IRM) is 

implemented using ACER ConQuest (Adams, Wu and Wilson, 2012).  

The analysis is broken down into two sections. The first section seeks to confirm the 

measurement model published in the instrument manual and replicate findings from studies 

from the U.S., Finland and Chile. Confirming the findings from other studies will provide 

new evidence of the measurement non-invariance of the CLASS across different international 

contexts. The second section closely analyses the invidious indicators and their properties and 

the reported decline in scores over repeated cycles for the first time. This analysis uses IRM 

and LGM to provide new evidence about the specific functioning of the individual indicators 
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that make up the CLASS and the implications of measuring over repeated cycles This 

provides new findings about how the CLASS functions over time: is it invariant, within 

classrooms over repeated cycles? 

Together, these results allow us to comment broadly on the psychometric properties of the 

instrument, identify more robust methods of estimating factor scores and recommendations 

about future scale development. 

 

Method 

Participants 

This paper analyses results from an Australian large-scale longitudinal study designed 

to explore the effects of early childhood education and care (ECEC) experiences on 

children’s learning and development. 

In 2010 ECEC services were selected to participate in the study from two states. 

Regions within the states were selected to represent metropolitan, regional and remote areas. 

ECEC services were randomly sampled, stratified by location, service type and 

socioeconomic status (SES) with high and low SES services intentionally oversampled to 

ensure adequate response rates. In 2010, 2596 children were recruited from these services to 

participate in the study. 

Following the selection of services and children in 2010, the 2011 sample of services 

and classrooms were recruited based on the presence of a child participating in the study 

attending that classroom. For example, a child attending Long Day Care at ‘Centre A’ in 

2010 may have moved to ‘Kindergarten B’ in 2011, another child to ‘School C’ while another 

may remain at ‘Centre A’. For the purposes of the study classrooms are defined as logical 

groupings of children, for example, in a Long Day Care service this is often a physical room, 
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in a Kindergarten this is the group of children who attend the same sessions, or in a school 

this would be the main class group. 

The data used throughout this paper are the 2011 collection of CLASS data and all 

analyses are restricted to the data collected from child care centres, kindergartens and the 

preparatory year of elementary school. The final data set consisted of observations of 993 

classrooms that were located in 647 services; it does not include (home-based) family day 

care services. 

The frequencies of response to each category of each item are shown in Table 2. 

---------------------------------- 

Table 2 about here 

--------------------------------- 

 

Instrumentation  

The study uses the CLASS pre-K tool, observed in the classrooms described above. 

Field researchers across both states were trained and became reliable assessors using 

the CLASS Pre-K tool. This included 47 researchers, 32 of whom received full training and 

passed reliability test in 2011, while the remaining 15 were trained and became reliable in 

2010 and passed a subsequent drift test of reliability in 2011. Two expert assessors conducted 

inter-rater reliability checks during 2011 data collection. Inter-rater reliability tests revealed 

the average reliability when using the CLASS Pre-K tool to be 96.4% suggesting the quality 

and reliability of Field researchers to be very high.  

 

Procedures 

In the first section, this study uses CFA to assess the properties of the measure as a 

whole. The CLASS measurement model, as specified and reported in Pianta, La Paro and 
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Hamre (2008) is fit. This will contribute new findings about the use of the CLASS in 

international settings and unpack whether our findings and those of others in the U.S., 

Finland and Chile are consistent (invariant). It is hypothesised that a CFA will reproduce the 

findings of the psychometric work published to date: that is, an oblique, 3 factor model will 

exhibit moderate misfit and modification indices will suggest item-cross loadings 

(particularly Instructional Learning Formats) and residual covariance (particularly between 

Behaviour Management and Productivity) (hypothesis 1). 

Following this, in section two, this study uses the CFA framework to look at the 

stability of the measurement model across cycles. It is hypothesised that the measurement 

properties of the CLASS will be invariant across cycles and robust within cycles (hypothesis 

2). Next, the properties of the individual CLASS indicators and how they function are 

explored using IRM. IRM provides nuanced information about individual items and the 

scales of the factors. It is hypothesised that the observed distribution of proportions of cases 

in each response category will align closely with the model-expected probabilities of being in 

each category given the distribution of scores of the underlying factor (hypothesis 3). It is 

further hypothesised that, given this study represents the continuum of early childhood 

classroom settings, the underlying latent scales of the CLASS will be appropriately located in 

relation to the distribution of classrooms observed: the scales provide most information at the 

location where most classrooms are observed (hypothesis 4). Following this, LGM is used to 

explore the reported decline in scores over repeated cycles. LGM can show the extent to 

which a decline in factor scores occurs systematically and whether it is related to all 

classrooms or only a limited set. This approach can assess whether the observed decline in 

ratings persists in latent factor scores under more rigorous measurement assumptions than 

simply taking the average of the observed indicator scores. It is hypothesised that CLASS 

factor scores will decline systematically for all classrooms and the decline will be significant 
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for Emotional Support and Classroom Organisation as identified in Pianta, LaParo and 

Hamre (2008) using ANOVA approaches (hypothesis 5). 

 

Results 

Application of the Orthodox CLASS Approach 

Following the approach recommended in Pianta, La Paro and Hamre (2008) the 

observed 10 indicator scores (see Table 1) were averaged across as many cycles as were 

completed (minimum 4, maximum 6) by the observers. Using these averages, the mapping of 

the indicators to the latent factors of CLASS, as illustrated in Table 1, was then tested by 

using these averages. The underlying assumption is that the averages of the indicator scores 

are treated as directly observed and continuous indicators for three latent factors with freely 

estimated loadings and residual variances. The three-factor model was estimated using 

maximum likelihood estimation of a linear factor model. Because of the nesting of 

classrooms within services (i.e., potential non-independence of observations) robust standard 

errors were estimated. Factor loadings, residual variances and intercepts of indicators were 

freely estimated, as were variances of and correlations between factors. 

 

The outcomes of this modelling are shown in Figure 2 reported as standardised 

parameter estimates. The CFA shows inadequate fit (e.g., RMSEA = 0.122 (90% CI  0.113, 

0.132), see also the first column in Table 3. The Cronbach’s alpha coefficient for Emotional 

Support, Classroom Organisation and Instructional Support are 0.76, 0.76, and 0.86, 

respectively. Parameter estimates indicate some unsatisfactory relationships between 

indicators and latent factors including 2 factor loadings below 0.6 (Negative Climate and 

Regard for Student Perspective), residual variances greater than 0.6 (Negative Climate, 

Regard for Student Perspective and Instructional Learning Formats) and high correlation 

between factors (Emotional Support and Classroom Organisation).  
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As summarised in Table 3, the inter-factor correlations, loadings and reliabilities are 

consistent with the findings of previous research. Reported are the findings from published 

CFAs of the CLASS. The studies include the First Steps Study (Pakarinen et al. 2010) and 5 

published in the CLASS Manual (pre-K) (Pianta et al., 2008): the National Center For Early 

Development And Learning (NCEDL) Multi-State Study of Pre-Kindergarten (note, data is 

reported separately for pre-K and K), the NCEDL Study of Statewide Early Education 

Programs (SWEEP), the MyTeachingPartner (MTP) study (164 classrooms) and The 

Reading, Writing, Respect & Resolution Program (4Rs). Of note, this study’s data is the only 

study to include the Negative Climate indicator. In the First Steps Study, Negative Climate 

was omitted to improve model fit. In the remaining studies this item had not yet been 

included in the CLASS instrument. 

 

Modification indices show potential sources of inadequate fit: the following reports 

the largest modification indices identified. The reduction in the model Chi Square (!2 (32) = 

507.76, p < 0.001) by allowing Instructional Learning Formats indicator to load on the 

Instructional Support factor is 184.67 (estimated standardised parameter (EPC) = 0.483) and 

by allowing Productivity to load on Emotional Climate is 89.19 (EPC = −1.12). Some 

residual covariance amongst indicators’ residuals are also identified: the residual covariance 

between Instructional Learning Formats and Behaviour Management producing a reduction 

in Chi Square of 104.36 (EPC = −0.482) and between Quality of Feedback and Instructional 

Learning Formats of 72.05 (EPC = 0.414).  

 

It should also be noted that other, smaller magnitude modification indices were 

identified that aligned to those in Pakarinen et al., (2010): Negative Climate loading on 
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Classroom Organisation and residual covariance between Negative Climate and Productivity. 

In Pakarinen et al., (2010), this was used as evidence to drop Negative Climate. In the case of 

this analysis, we have elected to not include post-hoc changes to the model specification. 

Instead, we look to the underlying assumption of the way the CLASS is used in the field to 

explain misfit, under the assumption the theoretical model is sound. 

 

---------------------------------- 

Figure 2 about here 

--------------------------------- 

 

Our findings are similar to those in the U.S., Finland and Chile. This analysis shows 

that findings are consistent across multiple national contexts. Together, we demonstrate that 

these studies show consistent sources of potential misfit or measurement problems for the 

CLASS. Scale reliabilities are adequate in all studies, however there are consistent issues of 

poor model fit (see RMSEA, and TLI in Table 3) and within this, particular items show low 

loadings on the underlying factors (e.g., Negative Climate and Instructional Learning 

Formats). These findings support hypothesis one: the data replicate findings in other major 

studies in a new international context. 

Invariance over Cycles 

Given the recommendation by Pianta, La Paro and Hamre (2008) to construct CLASS 

item scores by averaging over the cycles, one might reasonably be interested in the invariance 

of the behaviour of the indicators and factors over the cycles. We therefore used both CFA 

and the three-dimension partial credit model (PCM) to examine the invariance of the tool 

over cycles. 

Table 4 shows the results of fitting a three-factor model to each of the first six cycles 

of the data. For these analyses the raw item responses were used, so the models were fit using 
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the WLSMV approach in MPlus, that computes polychoric, rather than product moment 

correlations between the manifest variables. In general terms the results in Table 4 show that 

estimates of factor loadings, factor correlations and residual variances of indicators are stable 

over cycles. There is reasonable evidence that the measurement model is invariant over 

repeated cycles.  

IRM analysis supports this with consistent fit-statistics for the 10 indicators between 

cycles. Further, the locations on the item thresholds along the factor continuum are very 

similar across cycles. This provides evidence of a single underlying continuum of each of the 

three factors across cycles: the thresholds do not move or cross over location between cycles 

(Adams and Khoo, 1996; Wright and Masters, 1982). For the sake of brevity, this is not 

reported here as it supports the findings in the between-cycle CFA. 

 

Because the observations between cycles are dependant, statistical tests of invariance 

are not conducted (e.g., multi-group approaches). Under the assumption that hypothesis 2 is 

supported – the measurement model is robust between cycles, the next section uses data from 

cycle one only to look at specific item and scale functioning. 

 

---------------------------------- 

 

Table 4 about here 

 

--------------------------------- 

Review of Item Characteristics 

We used Adams, Wilson and Wang’s (1997) multidimensional extension of the partial 

credit item response model (Masters, 1982) to examine in more detail the behaviour of 

individual CLASS indicators within cycles. 
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Similar to the CFA, a three-dimensional partial credit model was used with the 

indicators loading on three factors as per figure 1.Analysis within-cycle is undertaken this 

way so that we can examine in detail the behaviour of the response categories for each item. 

We estimate a correlation of 0.89 between Emotional Support and Classroom Organisation, 

0.49 between Emotional Support and Instructional Support and 0.64 between Classroom 

Organisation and Instructional Support. These values are exceptionally close to the data 

reported for cycle one in Table 4. The fit of the partial credit model is normally examined at 

the item level and this supports the finding that Negative Climate and Regard for Student 

Perspectives show poor fit.  

A set of expected score curves are plotted in Figure 3. The vertical axis is the score on 

each indicator: the solid line is the expected (model) score while the dot and dashed line is 

the average observed score for classrooms that have a particular location on the horizontal 

axis (which represents the latent scale of the factor). The degree of agreement between the 

modelled (smooth) curves and the empirical (dotted) curves provides a visual indicator of the 

compatibility of the model and the data. The item Positive Climate indicated good agreement 

between the expected and observed values. This is the kind of relationship observed for all 

items other than Regard for Student Perspectives which shows poor discrimination: the 

observed scores are above the expected scores when a classroom is low on Emotional 

Support while observed scores are below the expected scores when a classroom is high on 

Emotional Support (Figure 3). 

---------------------------------- 

Figure 3 about here 

---------------------------------- 

Item characteristics curves are also plotted. In each, the horizontal axis is the latent 

variable to which the item is allocated. The vertical axis is a probability. The set of smooth 
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curves for each item provide the model estimated probability of a classroom being scored in 

each category given its overall measure on the factor (location on the horizontal axis) to 

which the item is allocated. These lines are theoretical and show the probabilities under the 

assumption that the model is appropriate for the data. The dotted lines show the 

characteristics of the actual data, these are referred to as empirical item characteristic curves. 

To construct the empirical item characteristic curves the classrooms are ordered by the scores 

on the factor to which the item is allocated and then broken into five equal sized groups. For 

each of the five groups the mean location on the scale is calculated, as is the proportion of 

classrooms that were assigned each item score. These values are then plotted and can be 

compared to the model expected probabilities, providing a visual indicator of the 

compatibility of the model and the data. Overall, the observed proportion of frequencies align 

well with the expected probabilities indicating that although there is some model misfit, the 

items behave as expected and the categories are appropriately ordered (Figure 4).  

An inspection of these figures shows that while in a few cases there is statistically 

significant misfit of the individual indicators – as distinct form the misfit observed in the 

CFA analysis - the actual magnitude of the misfit is modest. For example the worst fitting 

item – Regard for Student Perspectives – is less discriminating than the model requires. The 

lower discrimination is reflected in the dotted line being flatter than the smooth line in Figure 

4. For all other indicators the model and empirical curves are in strong agreement and this 

supports hypothesis three: the observed responses adequately align with the expected or 

modelled responses. It is suggested that item misfit can be safely ignored and attention paid 

to other properties of the CLASS. 

One such property is the narrow span of observed scores on the underlying scale: this 

is caused by indicators being scored predominately in a narrow range of the possible response 

categories. Table 2 shows the frequencies of each response category being scored within each 



 291 

indicator. Within Emotional Support and Classroom Organisation most items are scored five 

or above while within Instructional Support most items are scored three or below. In fact, 

some items are never scored in some response categories: Negative Climate is not scored a 

six or seven in cycle one, for instance, and therefore the number of response categories is 

truncated to 5 when analysis is conducted. 

 

---------------------------------- 

Figure 4 about here 

--------------------------------- 

To further describe the impact of the use of a limited range of the indicators, we 

assess the test information functions (Hambleton, Swaminathan & Rogers, 1991). A test 

information function illustrates the range of the scale over which an item is providing useful 

information, which in this case, can then be compared to the distribution of classrooms. In 

this regard, the information function is similar to a measure of reliability, where the reliability 

varies across a scale: scores proximal to locations on scales where information is maximised 

have less error associated with them than those more distant from the greatest amount of 

information. The observed distribution of factor scores is compared to the distribution of 

information in Figure 5. What we see is that for Emotional Support and Classroom 

Organisation the classroom score distributions (solid lines) are located well to the right of the 

test information (dashed line). This means that these classrooms are estimated to be well 

above the range in which the CLASS instrument is working best. In the case of Instructional 

Support the reverse is the case and classrooms are estimated to be well below the range in 

which the CLASS instrument is working best. The implication of such findings is important 

given that this sample represents typical Australian early childhood settings: the classrooms 

being observed are being observed at levels on the scale that are away from the location best 
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suited to discriminating between classrooms. This means hypothesis 4 is rejected: the scales 

as currently defined are not optimally located for observing typical ECEC settings. This has 

implications for future refinements of the scale and the underlying indicators. 

Modelling Data from Multiple Cycles 

In light of findings, above, that support the invariance of the instrument over repeated 

cycles along with the reasonable indicator characteristics, a multiple indicator linear growth 

model (LGM) is fit, under the assumption of measurement invariance over cycles to examine 

the trends in growth factors (slopes) of the three CLASS factors. This allows us to use the 

observed categorical CLASS indicators to estimate continuous latent factor scores. These 

CLASS factor scores are then modelled to estimate linear change over cycles. In this regard, 

we can assess whether trends in CLASS indicators, seen above, persist in the underlying 

latent factors. The three factors of CLASS are modelled simultaneously, with correlations 

between slopes and between intercepts modelled, however correlations between intercepts 

and slopes are only modelled within factor (e.g., the correlation between the slope for 

Emotional Support and the intercept for Classroom Organisation is constrained to 0). The 

model is estimated using pairwise present WLSMV (Muthén & Muthén 1998-2011), with 

robust standard errors to account for the clustering of classroom observations within services. 

In the multiple indicator model, the first indicator loading for each factor is constrained to 1 

(e.g. Positive Climate in the Emotional Support factor). Subsequent indicator factor loadings 

are freely estimated, but constrained to equality over cycles (e.g., Negative Climate, Teacher 

Sensitivity, Regard for Student Perspectives in the Emotional Support factor)). Thresholds for 

observed indicators are constrained to equality over cycles. The slope parameter is coded so 

that it can be interpreted as the change in factor score between cycle one and cycle 6, A 

partial diagram of the model is presented in Figure 6. 

---------------------------------- 

Figure 6 about here 
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--------------------------------- 

A significant decline in indicator ratings over cycles has been observed in Tayler et al. (2011) 

The pattern is observed in this analysis. The LGM shows that this pattern is also seen for the 

latent factors. The model fit is adequate (e.g, RMSEA = 0.056 (0.055, 0.057 90%CI) but 

comparably better than in the orthodox CFA models and Table 5 and Table 6 summarise the 

findings. For all factors, the mean of the slopes (growth factors) are negative and significant. 

This indicates that, on average, scores on Emotional Support, Classroom Organisation and 

Instructional Support decline over 6 cycles. This finding is supported by visually inspecting 

the distribution of slope factors. It should be noted that the mean slope is approximately a 

third of the mean variance in scores between classrooms (intercept) indicating that it does 

not, on average, wash out the differences between classrooms when considering only level. 

There is, however, an important new consideration in the variance of slopes: some 

classrooms may be observed initially at the same level while over time they have different 

trajectories (flat, negative or positive). Whilst most slopes are negative, around a quarter of 

classrooms do have a flat (zero) or positive trajectory. 

There are no significant correlations among the slopes of the three factors. This indicates that 

while, on average, CLASS scores decrease over repeated cycles, they do not do so uniformly: 

larger or smaller declines in one factor are not related with similar magnitude changes in 

other factors. Conversely, there are significant, positive and low correlations (between 0.21 

and 0.37) between the intercepts of the factors: scoring high or low on one factor is related to 

scoring high or low, respectively, on another. There are small, but significant correlations 

between slopes and intercepts within factors: higher initial scores on the CLASS factors 

result in more steep declines over repeated cycles on average. Taken together, this provides 

evidence of systematic changes in scores on the CLASS factors over repeated cycles as 

opposed to random perturbations or regression to an underlying mean. These findings 
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partially support hypothesis five: not all classrooms exhibit a decline in scores over cycles. 

Instead, some classrooms have a zero or positive growth factor. Further, all factors have a 

significant negative slope factor: a new finding that all CLASS factors, on average, decline 

across repeated cycles. 

Discussion 

The analysis undertaken in this study has replicated the findings from previous studies 

in the U.S., Finland and Chile: the orthogonal, 3 factor model using averages of indicator 

scores across repeated cycles, shows moderate misfit both in aggregate (e.g., RMSEA > 0.05 

- supporting hypothesis 1) and within particular indicators (e.g., Regard for Student 

Perspectives shows poor discrimination - hypothesis 3 is not supported in relation to this 

indicator). Despite this, the instrument shows stable properties between cycles and across 

national contexts (supporting hypothesis 2). Further, a portion of the misfit appears to be 

attributable to unaccounted systematic decline in scores over repeated cycles (all factors 

exhibit a significant decline in scores over cycles  - hypothesis 5 is supported for all factors). 

Further, there are opportunities to readily improve the reliability of the instrument by better 

targeting the indicators (hypothesis 4 is not supported). These findings imply that there is 

good reason to believe that the CLASS accesses and measures the intended constructs of 

interaction quality and that the instrument functions consistently across national settings; 

further, there are opportunities to improve the instrument. 

 

Recommendations about how to use existing CLASS data in research 

This study finds broad support for the CLASS instrument to access important 

theoretical elements of quality whilst also highlighting potential sources of bias. Most 

notably, the current methodology recommended for calculating individual classroom scores 

in the instrument manual uses averaging across cycles and then across indicators. This is 
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different from calculating factor scores based on freely estimated loadings as reported in this 

analysis (see CFA results) and in the instrument manual. Indeed, using averages will produce 

classroom scores with more pessimistic properties than suggested by these CFA results. 

Using averages implies fixed and equal loadings between items: a more restricted 

measurement model. Factor scores, calculated using the orthodox measurement model will 

produce more robust estimates than simple averaging. 

Further, new findings in this study show that CLASS scores are correlated with the 

number of cycles observed. Where the number of cycles is not fixed for all classrooms there 

is systematic variation in scores associated with the number of cycles. As the number of 

cycles increase, scores tend to decrease when simple averaging is used. The number of cycles 

for all observations within classrooms should be standardised. 

Where more nuanced estimates of the latent factors are desired, the systematic 

variation in scores that is attributed to the number of cycles can be modelled by partialing-out 

the variance components in a linear growth modelling framework. Factor scores for the 

intercept represent the level of quality and describe variation between classrooms on the 

CLASS factors. Factor scores for the slope represent the level of change in the score within 

classrooms. This approach accounts for more of the variance in the data observed in the field 

and has a greater fidelity to the method of collection (repeated observations of ordinal 

indicators). This approach also allows consideration of the individual variance components 

on outcomes (e.g., children development). It may be insufficient to achieve a high level on 

the CLASS (intercept), rather the consistency (slope) of that level may be important too. 

 

Recommendations about the future development of the CLASS instrument 

This study unpacks the functioning of the individual indicators that make up the 

instrument. While some empirical misfit is observed, close inspection shows that it is not 
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severe. Item thresholds behave consistently and there is good agreement between the 

modelled and observed responses. The item Regard for Student Perspectives appears to show 

the most problematic behaviour. This study recommends that the description of the levels of 

the indicator Regard for Student Perspectives be closely considered in future development 

work. It is plausible to suggest that this indicator may be improved by amending the 

description of a low scoring and high scoring classroom in an attempt to produce an item 

characteristic curve that better aligns with the theoretical model. 

There is evidence that the indicators are not optimally targeted. The indicators for 

Emotional Support and Classroom Organisation are too easy and Instructional Support are 

too hard: the observed scores fall above and below respectively the modes of the information 

functions. This means the instrument is not as discriminating as it could be and therefore not 

sensitive to differences between classrooms. This reduces the instrument’s reliability and 

consequently if the current scoring methodology, recommended in the instrument manual, is 

used estimates of associations between interaction quality and child outcomes will be biased 

towards zero.  

This finding is of note because the classrooms included in this study are broadly 

representative of both the typical mix of centre-based delivery types (that is school, 

kindergarten and child care) and the distribution of classrooms characteristics. The sampling 

methodology used in the study produced a sample of services representative of size (that is 

those with many and few children within them) and socioeconomic status of the areas in 

which the services operate. This provides broader sampling than in previous studies and the 

mismatch between the distribution of scores and indicator information can be generalised to 

classrooms more broadly. 

This study recommends that future development of the CLASS should include the 

addition of more response categories within indicators and associated descriptions to better 
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locate the indicators relative to the observed distribution of quality within classrooms. This 

will allow items to better discriminate between the mostly high scoring classrooms on 

Emotional Support and Classroom Organisation and the mostly low scoring classrooms on 

Instructional Support. This addition would increase reliability while minimising changes to 

the instrument. 
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Notes 

 

1 RMSEA values less than .05 indicate good fit while values less than .10 indicate 

adequate fit. CFI values greater than .95 indicate good fit while values greater than .90 

indicate adequate fit. TLI values greater than .95 indicate good fit (Hooper, Coughlan & 

Mullen, 2008). 
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Figure 1. Final model reported in Pakarinen et al. (2010). Note, the values within the 

boxes representing indicators are reported as reliabilities.
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Figure 2 Outcomes from fitting the Orthodox CLASS Model.
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Figure 3. Expected score plot for Indicators within Emotional Support 
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Figure 4: Item Characteristic Curve for Indicators within Emotional Support 
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Figure 5: Information Functions for each of the CLASS factors 
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Figure 6. Partial path diagram illustrating multiple indicator linear growth model of CLASS instrument. 
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Table 1. Conceptual framework of the CLASS Pre-K.  

Domain (Factor) Dimension (Indicator) Description 

Emotional Support Positive Climate Reflects the emotional connection between the teacher and students and among students and 

the warmth, respect, and enjoyment communicated by verbal and nonverbal interactions 

 Negative Climate Reflects the overall level of expressed negativity in the classroom; the frequency, quality, and 

intensity of the teacher and peer negativity and key to this scale. 

 Teacher Sensitivity Encompasses the teacher's awareness of the responsivity to students' academic and emotional 

needs; high levels of sensitivity facilitate students' ability to actively explore and learn because 

the teacher consistently provides conform, reassurance and encouragement. 

 Regard for Student Perspectives Captures the degree to which the teacher's interactions with students and classroom activities 

place and emphasis on students' interests, motivations, and points of view and encourage 

student responsibility and autonomy. 

Classroom Organisation Behaviour Management Encompasses the teacher's ability to provide clear behavioural expectations and use effective 

methods to prevent and redirect misbehaviour. 

 Productivity Considers how well the teacher manages instructional time and routines and provides activities 

so that they have the opportunity to be involved in learning activities. 

 Instructional Learning Formats Focuses on the ways in which the teacher maximises students' interests, engagement, and 

ability to learn from lessons and activities. 

Instructional Support Concept Development Measures the teacher's use of instructional discussions and activities to promote students' 

higher-order thinking skills and cognition and the teacher's focus on understanding rather than 

on rote instruction. 

 Quality of Feedback Assesses the degree to which the teacher provides feedback that expands learning and 

understanding and encourages continued participation. 

  Language Modelling Captures the quality and amount of the teacher's use of language-stimulation and language-

facilitation techniques. 
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Table 2: Response Frequencies for Each Item for Cycle One 

  Category a 

Item  0 1 2 3 4 5 6 
Positive Climate N 5 34 125 249 389 188  
 % 0.51 3.43 12.63 25.15 39.29 18.99  
Negative Climate 
(Reversed) N 11 12 34 107 827   

 % 1.11 1.21 3.43 10.8 83.45   
Teacher sensitivity N 1 16 71 155 270 333 142 

 % 0.1 1.62 7.19 15.69 27.33 33.7 14.37 
Regard for student 
perspective N 12 77 164 194 271 199 70 

 % 1.22 7.8 16.62 19.66 27.46 20.16 7.09 
Behaviour Management N 12 33 109 229 397 210  
 % 1.21 3.33 11.01 23.13 40.1 21.21  
Productivity N 13 38 96 231 402 209  
 % 1.31 3.84 9.71 23.36 40.65 21.13  
Instructional learning 
formats N 8 66 137 230 327 182 42 

 % 0.81 6.65 13.81 23.19 32.96 18.35 4.23 
Concept Development N 434 262 140 83 55 16 1 

 % 43.79 26.44 14.13 8.38 5.55 1.61 0.1 
Quality of feedback N 149 215 239 191 134 52 12 

 % 15.02 21.67 24.09 19.25 13.51 5.24 1.21 
Language Modelling N 83 268 279 208 110 35 7 

 % 8.38 27.07 28.18 21.01 11.11 3.54 0.71 
a Each CLASS indicator is scored on a scale of 1 to 7. This scale is re-coded in this table so that the category ‘0’ is the first response 

category with more than one valid case (usually ‘1’: the lowest response category). However, for indicators with blank 

values in the table, a response category on the scale has zero valid cases: on Positive Climate no classrooms were scored a 1, 

so in this table, 0 is equivalent to scoring a 2 on the indicator and there are only 6 valid categories used for analysis. 
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Table 3: Summary of CLASS Orthodox Model Parameter Estimates and Results from Previous 

Studies 

 

    E4Kids NCEDL SWEEP MTP NCEDL 4Rs 

First 
Steps 
Study  

Emotional 
Support Positive Climate 

0.71 0.91 0.91 0.92 0.93 0.91 0.97 

 
Negative Climate 0.29 . . . . . . 

 

Teacher 
Sensitivity 0.85 0.98 0.81 0.91 0.96 0.92 0.94 

 

Regard for 
Student 
Perspectives 

0.51 . . 0.85 . 0.85 0.81 

  
       

 
Alpha 0.76 0.94 0.85 0.92 0.94 0.91 0.93 

  
       

Classroom 
Organisation 

Behaviour 
Management 

0.74 0.81 0.80 0.70 0.81 0.71 0.86 

 
Productivity 0.67 0.92 0.87 0.56 0.84 0.56 0.75 

 

Instructional 
Learning Formats 

0.62 0.85 0.66 0.87 0.62 0.86 0.87 

  
       

 
Alpha 0.76 0.89 0.81 0.76 0.79 0.84 0.88 

  
       

Instructional 
Support 

Quality of 
Feedback 

0.97 0.83 0.93 0.82 0.88 0.95 0.85 

 

Concept 
Development 

0.63 0.92 0.79 0.79 0.86 0.69 0.70 

 

Language 
Modelling 

0.77 . . 0.86 . . 1.00 

  
       

 
Alpha 0.86 0.89 0.81 0.86 0.79 0.90 0.90 

  
       

Chi Square (df) 
 

507.76 
(32) 

85.3 
(11) 56 (11) 84.7 

(24) 
157.7 
(11) 

66.8 
(17) 45.16(23) 

RMSEA 
 

0.12 0.17 0.10 0.13 0.14 0.14 0.14 

CFI 
 

0.89 0.95 0.98 0.93 0.96 0.93 0.96 

TLI 
 

0.84 0.90 0.95 0.90 0.92 0.89 0.94 

  
       

N   993 694* 694* 164 730 82 49 
* Note: these counts are presented as an aggregate, summed 
across both studies 
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Table 4: Summary of Fitting CFA to Each of the Six Cycles 

  Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 
Classrooms (n) 993 993 993 993 963 471 
Services (k) 647 647 647 647 635 345 

Chi square of model fit 
432.8, 32,  
p < 0.001 

421.2, 32, 
 p < 0.001 

522.7, 32, 
 p < 0.001 

546.6, 32, 
 p < 0.001 

636.4, 32, 
 p < 0.001 

319.7, 32,  
p < 0.001 

RMSEA (90%CI) 

0.112  
(0.103, 
0.122) 

0.111  
(0.101, 
0.120) 

0.124  
(0.115, 
0.134) 

0.127  
(0.118, 
0.137) 

0.140  
(0.131, 
0.150) 

0.138  
(0.125, 
0.152) 

CFI 0.95 0.94 0.93 0.94 0.91 0.91 
TLI 0.93 0.92 0.90 0.92 0.87 0.87 

       Loadings 
      Positive	Climate	 0.83 0.79 0.81 0.82 0.80 0.77 

Negative	Climate	 0.59 0.59 0.57 0.53 0.60 0.52 
Teacher	Sensitivity	 0.84 0.79 0.84 0.79 0.80 0.76 

Regard	for	Student	
Perspectives	 0.45 0.43 0.45 0.48 0.53 0.49 
Behaviour	Management	 0.71 0.74 0.70 0.68 0.74 0.64 
Productivity	 0.66 0.71 0.62 0.66 0.65 0.68 

Instructional	Learning	Formats	0.71 0.70 0.67 0.72 0.68 0.68 
Quality	of	Feedback	 0.75 0.71 0.76 0.81 0.76 0.84 
Concept	Development	 0.87 0.85 0.89 0.91 0.90 0.91 
Language	Modeling	 0.86 0.84 0.81 0.84 0.81 0.82 

       Residual Variances 
      Positive	Climate	 0.32 0.37 0.34 0.33 0.37 0.41 

Negative	Climate	 0.65 0.65 0.68 0.72 0.64 0.74 
Teacher	Sensitivity	 0.29 0.38 0.30 0.38 0.36 0.42 

Regard	for	Student	
Perspectives	 0.80 0.81 0.80 0.77 0.72 0.76 
Behaviour	Management	 0.49 0.45 0.51 0.54 0.45 0.59 
Productivity	 0.56 0.50 0.61 0.56 0.58 0.54 

Instructional	Learning	Formats	0.49 0.48 0.55 0.48 0.54 0.54 
Quality	of	Feedback	 0.44 0.50 0.43 0.35 0.42 0.30 
Concept	Development	 0.25 0.72 0.21 0.17 0.20 0.18 
Language	Modeling	 0.27 0.71 0.35 0.30 0.35 0.32 

       Correlations 
      Emotional Support & 

Classroom Organisation 0.89 0.86 0.90 0.91 0.91 0.87 
Emotional Support & 
Instructional Support 0.53 0.46 0.51 0.48 0.46 0.36 
Classroom Organisation & 
Instructional Support 0.65 0.59 0.62 0.68 0.60 0.53 
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Table 5. Mean and variances of random effects from linear growth model 

  Emotional Support   Classroom Organisation   Instructional Support   

  Estimate S.E. sig Estimate S.E. sig Estimate S.E. sig 

Slope (mean) -0.261 0.037 *** -0.294 0.035 *** -0.341 0.037 *** 

Slope (var) 0.529 0.049 *** 0.352 0.023 *** 0.481 0.023 *** 

Intercept (mean) 0 

  

0 

  

0 

  Intercept (var) 0.668 0.023 *** 0.578 0.022 *** 0.481 0.023 *** 

p < 0.001 ‘***’,  0.01 ‘**’, 0.05 ‘*’ 

          

  



 315 

Table 6. Correlations of random effects from linear growth model 

  

Emotional 

Support Slope 

Classroom 

Organisation 

Slope 

Instructional 

Support Slope 

Emotional 

Support 

Intercept 

Classroom 

Organisation 

Intercept 

Instructional 

Support 

Intercept 

Emotional Support 

Slope 
1 . . . . . 

Classroom Organisation 

Slope 
0.040 (0.025) 1 . . . . 

Instructional Support 

Slope 
-0.009 (0.031) 0.015 (0.028) 1 . . . 

Emotional Support 

Intercept 
-0.305 (0.029)*** . . 1 . . 

Classroom Organisation 

Intercept 
0+ 

-0.214 

(0.025)*** . 

0.369 

(0.015)*** 1 

 
Instructional Support 

Intercept 
0+ 0+ -0.090 (0.027)** 

0.219 

(0.017)*** 0.232 (0.014)*** 1 

+ parameter estimate constrained to 0.          p < 0.001 ‘***’,  0.01 ‘**’, 0.05 ‘*’ 

     



 316 

Appendix C: Updated regression from study 1 
 

The regression in Paper one was conducted before the finalisation of the newly 

developed CLASS measure described in the methods section. Below is the updated 

regression table with estimates calculated with the dependant variable now being a 

randomly-drawn PV from the measurement model that controls for within-classroom 

variation over repeated cycles. As observed, the major findings are mostly the same as 

presented in paper 1. That is, there is an obvious SES gradient for quality: services in 

the lowest quintile of SES are significantly lower, on average, than the fourth and fifth 

quintile. There is also a consistent finding that not-for-profit services, produce, on 

average, higher levels of Emotional Support and Classroom Origination. A slight 

change in the earlier reported findings is that there is a more consistent pattern of 

services outside metropolitan areas producing consistently lower levels of Emotional 

Support and Classroom Origination. 
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Table 31. Maximum likelihood estimator (MLE) regression predicting CLASS domain scores. 

  Emotional Support Classroom Organisation Instructional Support 
  Estimate Std. Error   Estimate Std. Error   Estimate Std. Error   
Intercept -1.03 0.26 *** -1.06 0.18 *** -2.07 0.29 *** 
SES+  
(contrast is 1st quintile) 

             2nd quintile 0.08 0.28 
 

0.35 0.20 . 0.32 0.34 
     3rd quintile 0.09 0.27 

 
0.54 0.21 * 0.01 0.38 

     4th quintile 0.70 0.28 * 0.50 0.20 *** 0.61 0.33 . 
    5th quintile 0.83 0.24 *** 0.84 0.18 *** 0.92 0.29 ** 
Classroom type 
(contrast is long day 
care) 

             kindergarten in long 
day care 0.39 0.23 . 0.28 0.16 . 0.71 0.26 ** 
    kindergarten 0.97 0.11 *** 0.65 0.17 *** 1.09 0.27 *** 
Remoteness Area 
(contrast is Major Cities) 

             not Major Cities -0.55 0.26 * -0.43 0.19 * 0.25 0.34 
 State  

(contrast is Victoria) 
             Queensland -0.02 0.17 

 
-0.09 0.13 

 
0.05 0.21 

 Management type 
(contrast is for-profit) 

             not-for-profit 0.51 0.24 * 0.43 0.18 * 0.41 0.28 
     non-gov. school-

managed 0.80 0.38 * 0.63 0.29 * 0.28 0.51 
     government-managed 0.26 0.28 

 
0.19 0.19 

 
0.21 0.33 

 
          
 

Adjusted R-squared:  0.19  Adjusted R-squared:  0.20 Adjusted R-squared:  0.10 
  F = 8.83 df = 11, 368,  p < 0.001 F = 9.42 df = 11, 368  p < 0.001 F = 5.46 df = 11, 420,  p < 0.001 
+ Socioeconomic status as measured by Socioeconomic Index for Areas (SEIFA) Index of Relative Advantage and Disadvantage 
(IRSAD) 
Sig. codes:  ‘***’ < 0.001,  ‘**’ < 0.01,  ‘*’ < 0.05, '.' < 0.1 

      Robust standard errors are reported 
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Appendix D: Supplemental regression output from Study 2: 
Selection and Socio Economic Status: Who Experiences High 

Quality Early Childhood Education and Care? 
 



 319 
Table 32 Generalised linear model of CLASS Emotional Support on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) -0.62 -1.10 -0.14 0.23 * -0.61 -1.09 -0.14 0.23 * -0.54 -1.52 0.44 0.46 

 
Family level Family Socio Economic Status 0.43 0.20 0.66 0.12 *** 0.42 0.19 0.65 0.11 *** 0.29 0.03 0.54 0.12 * 

 
Household income 0.05 -0.07 0.17 0.06 

 
0.05 -0.07 0.17 0.06 

 
0.02 -0.10 0.15 0.06 

 

 
Main caregiver depression and anxiety -0.01 -0.03 0.01 0.01 

 
-0.01 -0.03 0.01 0.01 

 
-0.01 -0.03 0.02 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.32 -0.68 0.03 0.16 . -0.33 -0.68 0.03 0.16 . -0.25 -0.49 -0.01 0.12 * 

Home level HLE@ Indirect Learning 
     

-0.03 -0.10 0.05 0.04 
 

-0.03 -0.08 0.03 0.03 
 

 
HLE@ Direct Teaching 

     
0.13 -0.28 0.55 0.20 

 
0.26 -0.15 0.66 0.20 

 

Child level 
Child gender  
(0 = male) 

          
0.09 -0.08 0.26 0.08 

 

 
Child age (months) 

          
0.09 -0.10 0.29 0.10 

 

 
SDQ# total behavioural difficulties 

          
0.00 -0.03 0.03 0.01 

 

 
WJIII* Brief Intellectual Ability  

          
0.02 0.01 0.03 0.01 *** 

 
STSC± Persistence 

          
-0.01 -0.04 0.03 0.02 

 

 
STSC± Approachability 

          
-0.01 -0.04 0.02 0.01 

 

 
STSC± Inflexibility 

          
-0.01 -0.07 0.05 0.03 

 
ECEC level Hours per week in ECEC^ programs 

               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 10275 

    
10277 

    
10246 

      ΔAIC` .         2         -29         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 0.63 -0.42 1.68 0.52 

 
0.18 -0.87 1.23 0.52 

 
Family level Family Socio Economic Status 0.24 0.01 0.47 0.11 * 0.14 -0.07 0.35 0.10 

 

 
Household income 0.07 -0.04 0.19 0.06 

 
0.02 -0.09 0.14 0.06 

 

 
Main caregiver depression and anxiety 0.00 -0.02 0.02 0.01 

 
0.00 -0.02 0.02 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.18 -0.41 0.06 0.12 

 
-0.20 -0.41 0.02 0.11 . 

Home level HLE@ Indirect Learning -0.02 -0.07 0.03 0.03 
 

-0.01 -0.05 0.04 0.02 
 

 
HLE@ Direct Teaching 0.13 -0.23 0.50 0.18 

 
0.08 -0.28 0.44 0.18 

 

Child level 
Child gender  
(0 = male) 0.08 -0.09 0.26 0.09 

 
0.05 -0.13 0.22 0.09 

 

 
Child age (months) 0.24 0.05 0.43 0.09 * 0.22 0.04 0.41 0.09 * 

 
SDQ# total behavioural difficulties 0.00 -0.03 0.03 0.01 

 
0.00 -0.03 0.03 0.01 

 

 
WJIII* Brief Intellectual Ability  0.03 0.01 0.04 0.01 *** 0.02 0.01 0.03 0.01 *** 

 
STSC± Persistence -0.01 -0.04 0.03 0.02 

 
0.00 -0.04 0.03 0.02 

 

 
STSC± Approachability 0.00 -0.03 0.02 0.01 

 
0.00 -0.03 0.02 0.01 

 

 
STSC± Inflexibility -0.02 -0.08 0.04 0.03 

 
-0.02 -0.07 0.04 0.02 

 
ECEC level Hours per week in ECEC^ programs -0.01 -0.02 -0.01 0.00 ** -0.01 -0.02 -0.01 0.00 ** 

 
Child to Adult Ratio in ECEC^ program -0.13 -0.23 -0.03 0.05 * -0.12 -0.22 -0.02 0.05 * 

 
Hours per week in Informal Care 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 

 
Family enrolled in any kindergarten program  0.33 -0.20 0.85 0.23 

 
0.27 -0.24 0.78 0.23 

 
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
0.12 -0.56 0.81 0.35 

 

 
Community Socio Economic Status 3rd quintile 

     
-0.10 -0.66 0.46 0.28 

 

 
Community Socio Economic Status 4th quintile 

     
0.18 -0.39 0.75 0.29 

 

 
Community Socio Economic Status 5th quintile 

     
0.64 0.09 1.18 0.28 * 

 
Availability$ of local ECEC programs 

     
0.15 -0.15 0.45 0.15 

 

 
Quality~ of local ECEC programs 

     
0.44 -0.33 1.22 0.39 

 

            
Fit AIC` 10093 

    
10025 

      ΔAIC` -182         -249         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 33 Generalised linear model of CLASS Classroom Organisation on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) -0.62 -0.96 -0.29 0.17 *** -0.62 -0.96 -0.28 0.17 *** -0.72 -1.29 -0.16 0.28 * 

Family level Family Socio Economic Status 0.26 0.10 0.42 0.08 * 0.26 0.09 0.42 0.08 * 0.19 -0.01 0.38 0.09 . 

 
Household income 0.04 -0.04 0.13 0.04 

 
0.04 -0.05 0.13 0.04 

 
0.02 -0.07 0.11 0.04 

 

 
Main caregiver depression and anxiety -0.01 -0.02 0.01 0.01 

 
-0.01 -0.02 0.01 0.01 

 
-0.01 -0.02 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.21 -0.47 0.05 0.12 

 
-0.21 -0.47 0.05 0.12 

 
-0.14 -0.32 0.04 0.09 

 
Home level HLE@ Indirect Learning 

     
-0.01 -0.07 0.04 0.03 

 
-0.02 -0.06 0.03 0.02 

 

 
HLE@ Direct Teaching 

     
0.09 -0.19 0.36 0.13 

 
0.16 -0.10 0.43 0.13 

 

Child level 
Child gender  
(0 = male) 

          
0.04 -0.09 0.16 0.06 

 

 
Child age (months) 

          
0.09 -0.05 0.23 0.07 

 

 
SDQ# total behavioural difficulties 

          
0.00 -0.02 0.02 0.01 

 

 
WJIII* Brief Intellectual Ability  

          
0.01 0.01 0.02 0.00 *** 

 
STSC± Persistence 

          
0.00 -0.03 0.02 0.01 

 

 
STSC± Approachability 

          
0.00 -0.03 0.02 0.01 

 

 
STSC± Inflexibility 

          
0.01 -0.02 0.05 0.02 

 
ECEC level Hours per week in ECEC^ programs 

               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 8610 

    
8612 

    
8581 

      ΔAIC` .         2         -29         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 0.17 -0.50 0.84 0.34 

 
0.00 -0.67 0.67 0.34 

 
Family level Family Socio Economic Status 0.14 -0.03 0.32 0.09 

 
0.10 -0.07 0.26 0.08 

 

 
Household income 0.05 -0.03 0.13 0.04 

 
0.02 -0.06 0.10 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.02 0.01 0.01 

 
0.00 -0.02 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.09 -0.26 0.08 0.09 

 
-0.10 -0.26 0.06 0.08 

 
Home level HLE@ Indirect Learning -0.01 -0.06 0.03 0.02 

 
-0.01 -0.05 0.03 0.02 

 

 
HLE@ Direct Teaching 0.08 -0.17 0.33 0.12 

 
0.06 -0.19 0.31 0.12 

 

Child level 
Child gender  
(0 = male) 0.03 -0.10 0.16 0.06 

 
0.01 -0.11 0.14 0.06 

 

 
Child age (months) 0.20 0.07 0.34 0.07 ** 0.19 0.06 0.32 0.07 ** 

 
SDQ# total behavioural difficulties 0.00 -0.02 0.03 0.01 

 
0.00 -0.02 0.02 0.01 

 

 
WJIII* Brief Intellectual Ability  0.02 0.01 0.02 0.00 *** 0.01 0.01 0.02 0.00 *** 

 
STSC± Persistence 0.00 -0.03 0.02 0.01 

 
0.00 -0.02 0.02 0.01 

 

 
STSC± Approachability 0.00 -0.02 0.02 0.01 

 
0.00 -0.02 0.02 0.01 

 

 
STSC± Inflexibility 0.01 -0.03 0.05 0.02 

 
0.01 -0.03 0.04 0.02 

 
ECEC level Hours per week in ECEC^ programs -0.01 -0.02 0.00 0.00 * -0.01 -0.01 0.00 0.00 * 

 
Child to Adult Ratio in ECEC^ program -0.11 -0.18 -0.04 0.03 ** -0.11 -0.17 -0.04 0.03 ** 

 
Hours per week in Informal Care 0.00 -0.01 0.01 0.00 

 
0.00 -0.01 0.01 0.00 

 

 
Family enrolled in any kindergarten program  0.27 -0.09 0.62 0.16 

 
0.24 -0.11 0.60 0.16 

 
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
0.16 -0.39 0.71 0.28 

 

 
Community Socio Economic Status 3rd quintile 

     
-0.04 -0.46 0.38 0.21 

 

 
Community Socio Economic Status 4th quintile 

     
-0.01 -0.44 0.42 0.22 

 

 
Community Socio Economic Status 5th quintile 

     
0.43 -0.01 0.87 0.22 . 

 
Availability$ of local ECEC programs 

     
0.08 -0.14 0.29 0.11 

 

 
Quality~ of local ECEC programs 

     
0.10 -0.43 0.63 0.27 

 

            
Fit AIC` 8409 

    
8364 

      ΔAIC` -201         -246         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 34 Generalised linear model of CLASS Instructional Support on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) -0.65 -1.28 -0.03 0.31 * -0.64 -1.26 -0.02 0.30 * -0.53 -1.47 0.41 0.47 

 
Family level Family Socio Economic Status 0.74 0.45 1.03 0.15 *** 0.72 0.43 1.01 0.14 *** 0.65 0.37 0.93 0.14 *** 

 
Household income -0.04 -0.18 0.11 0.07 

 
-0.04 -0.18 0.11 0.07 

 
-0.07 -0.23 0.09 0.08 

 

 
Main caregiver depression and anxiety -0.01 -0.05 0.02 0.02 

 
-0.01 -0.05 0.02 0.02 

 
-0.01 -0.04 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.32 -0.62 -0.01 0.15 * -0.31 -0.62 0.00 0.15 . -0.28 -0.58 0.01 0.15 . 

Home level HLE@ Indirect Learning 
     

-0.02 -0.10 0.07 0.04 
 

-0.01 -0.09 0.08 0.04 
 

 
HLE@ Direct Teaching 

     
0.49 0.00 0.98 0.24 . 0.46 -0.03 0.94 0.23 . 

Child level 
Child gender  
(0 = male) 

          
-0.01 -0.20 0.18 0.10 

 

 
Child age (months) 

          
0.10 -0.15 0.35 0.12 

 

 
SDQ# total behavioural difficulties 

          
-0.02 -0.06 0.01 0.02 

 

 
WJIII* Brief Intellectual Ability  

          
0.02 0.01 0.03 0.01 ** 

 
STSC± Persistence 

          
-0.01 -0.05 0.02 0.02 

 

 
STSC± Approachability 

          
0.00 -0.05 0.04 0.02 

 

 
STSC± Inflexibility 

          
0.04 0.00 0.09 0.02 * 

ECEC level Hours per week in ECEC^ programs 
               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 11022 

    
11013 

    
10989 

      ΔAIC` .         -10         -33         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 0.67 -0.55 1.89 0.61 

 
0.44 -0.90 1.78 0.68 

 
Family level Family Socio Economic Status 0.57 0.29 0.86 0.14 *** 0.43 0.21 0.64 0.11 *** 

 
Household income -0.03 -0.18 0.13 0.08 

 
-0.10 -0.25 0.06 0.07 

 

 
Main caregiver depression and anxiety -0.01 -0.04 0.01 0.01 

 
-0.01 -0.03 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.20 -0.50 0.10 0.15 

 
-0.24 -0.52 0.04 0.14 . 

Home level HLE@ Indirect Learning 0.00 -0.09 0.08 0.04 
 

0.01 -0.06 0.09 0.04 
 

 
HLE@ Direct Teaching 0.33 -0.14 0.81 0.23 

 
0.28 -0.17 0.72 0.22 

 

Child level 
Child gender  
(0 = male) -0.03 -0.22 0.16 0.10 

 
-0.07 -0.27 0.12 0.10 

 

 
Child age (months) 0.26 0.02 0.49 0.12 * 0.23 0.01 0.46 0.11 * 

 
SDQ# total behavioural difficulties -0.02 -0.05 0.02 0.02 

 
-0.02 -0.05 0.01 0.02 

 

 
WJIII* Brief Intellectual Ability  0.02 0.01 0.03 0.01 ** 0.02 0.00 0.03 0.01 ** 

 
STSC± Persistence -0.01 -0.06 0.03 0.02 

 
-0.01 -0.06 0.03 0.02 

 

 
STSC± Approachability 0.00 -0.04 0.04 0.02 

 
0.00 -0.04 0.05 0.02 

 

 
STSC± Inflexibility 0.04 -0.01 0.08 0.02 

 
0.03 -0.01 0.08 0.02 

 
ECEC level Hours per week in ECEC^ programs -0.01 -0.02 0.00 0.00 . -0.01 -0.02 0.00 0.00 . 

 
Child to Adult Ratio in ECEC^ program -0.16 -0.27 -0.04 0.06 ** -0.15 -0.26 -0.03 0.06 * 

 
Hours per week in Informal Care 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.02 0.01 

 

 
Family enrolled in any kindergarten program  0.54 0.02 1.05 0.25 * 0.49 -0.01 1.00 0.24 . 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
-0.32 -1.04 0.41 0.37 

 

 
Community Socio Economic Status 3rd quintile 

     
-0.29 -0.91 0.33 0.31 

 

 
Community Socio Economic Status 4th quintile 

     
0.29 -0.31 0.88 0.30 

 

 
Community Socio Economic Status 5th quintile 

     
0.71 -0.03 1.46 0.38 . 

 
Availability$ of local ECEC programs 

     
0.22 -0.14 0.59 0.18 

 

 
Quality~ of local ECEC programs 

     
0.00 -0.94 0.93 0.47 

 

            
Fit AIC` 10852 

    
10764 

      ΔAIC` -171         -259         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 35 Generalised linear model of ECERS Personal Care Routines on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) 2.77 2.51 3.04 0.13 *** 2.76 2.49 3.03 0.13 *** 3.12 2.65 3.59 0.23 *** 

Family level Family Socio Economic Status 0.04 -0.09 0.17 0.07 
 

0.04 -0.09 0.17 0.06 
 

0.06 -0.06 0.18 0.06 
 

 
Household income -0.06 -0.15 0.03 0.04 

 
-0.06 -0.15 0.03 0.05 

 
-0.05 -0.13 0.04 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.01 0.02 0.01 

 
0.00 -0.01 0.02 0.01 

 
0.00 -0.01 0.02 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) 0.00 -0.17 0.18 0.08 

 
0.00 -0.17 0.18 0.09 

 
-0.02 -0.19 0.16 0.09 

 
Home level HLE@ Indirect Learning 

     
0.03 -0.01 0.07 0.02 

 
0.04 0.00 0.08 0.02 . 

 
HLE@ Direct Teaching 

     
-0.10 -0.36 0.16 0.13 

 
-0.12 -0.39 0.15 0.13 

 

Child level 
Child gender  
(0 = male) 

          
0.03 -0.08 0.14 0.05 

 

 
Child age (months) 

          
-0.15 -0.27 -0.04 0.06 * 

 
SDQ# total behavioural difficulties 

          
-0.01 -0.04 0.01 0.01 

 

 
WJIII* Brief Intellectual Ability  

          
-0.01 -0.01 0.00 0.00 

 

 
STSC± Persistence 

          
-0.01 -0.03 0.00 0.01 

 

 
STSC± Approachability 

          
0.00 -0.02 0.01 0.01 

 

 
STSC± Inflexibility 

          
0.00 -0.04 0.04 0.02 

 
ECEC level Hours per week in ECEC^ programs 

               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 8333 

    
8332 

    
8281 

      ΔAIC` .         -1         -52         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 3.78 3.08 4.48 0.35 *** 3.89 3.16 4.63 0.37 *** 

Family level Family Socio Economic Status 0.02 -0.10 0.14 0.06 
 

0.07 -0.04 0.18 0.06 
 

 
Household income -0.03 -0.11 0.05 0.04 

 
0.00 -0.07 0.08 0.04 

 

 
Main caregiver depression and anxiety 0.01 -0.01 0.02 0.01 

 
0.01 -0.01 0.02 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) 0.02 -0.15 0.20 0.08 

 
0.03 -0.14 0.19 0.08 

 
Home level HLE@ Indirect Learning 0.04 0.00 0.08 0.02 * 0.04 0.00 0.08 0.02 * 

 
HLE@ Direct Teaching -0.19 -0.46 0.08 0.13 

 
-0.19 -0.46 0.07 0.13 

 

Child level 
Child gender  
(0 = male) 0.01 -0.09 0.12 0.05 

 
0.02 -0.09 0.12 0.05 

 

 
Child age (months) -0.06 -0.18 0.06 0.06 

 
-0.04 -0.16 0.08 0.06 

 

 
SDQ# total behavioural difficulties -0.01 -0.03 0.01 0.01 

 
-0.01 -0.03 0.01 0.01 

 

 
WJIII* Brief Intellectual Ability  0.00 -0.01 0.00 0.00 

 
0.00 -0.01 0.01 0.00 

 

 
STSC± Persistence -0.01 -0.03 0.01 0.01 

 
-0.01 -0.03 0.01 0.01 

 

 
STSC± Approachability 0.00 -0.02 0.01 0.01 

 
0.00 -0.01 0.02 0.01 

 

 
STSC± Inflexibility 0.00 -0.04 0.03 0.02 

 
0.00 -0.04 0.04 0.02 

 
ECEC level Hours per week in ECEC^ programs 0.00 -0.01 0.01 0.00 

 
0.00 -0.01 0.01 0.00 

 

 
Child to Adult Ratio in ECEC^ program -0.10 -0.15 -0.04 0.03 ** -0.09 -0.15 -0.03 0.03 ** 

 
Hours per week in Informal Care 0.01 0.00 0.02 0.00 

 
0.01 0.00 0.02 0.00 

 

 
Family enrolled in any kindergarten program  0.26 -0.05 0.56 0.14 . 0.24 -0.02 0.50 0.12 . 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
-0.33 -0.72 0.05 0.20 . 

 
Community Socio Economic Status 3rd quintile 

     
-0.18 -0.54 0.19 0.18 

 

 
Community Socio Economic Status 4th quintile 

     
-0.46 -0.83 -0.09 0.19 * 

 
Community Socio Economic Status 5th quintile 

     
-0.46 -0.86 -0.06 0.20 * 

 
Availability$ of local ECEC programs 

     
-0.05 -0.24 0.15 0.10 

 

 
Quality~ of local ECEC programs 

     
0.40 -0.10 0.90 0.25 

 

            
Fit AIC` 8149 

    
8095 

      ΔAIC` -184         -238         

 



 330 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 36. Generalised linear model of ECERS Space and Furnishings on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) 4.21 3.98 4.44 0.12 *** 4.22 3.99 4.44 0.11 *** 4.38 3.53 5.23 0.43 *** 

Family level Family Socio Economic Status 0.01 -0.12 0.14 0.06 
 

0.00 -0.12 0.13 0.06 
 

0.02 -0.09 0.14 0.06 
 

 
Household income -0.03 -0.11 0.05 0.04 

 
-0.03 -0.11 0.05 0.04 

 
-0.02 -0.10 0.06 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) 0.02 -0.10 0.13 0.06 

 
0.02 -0.10 0.14 0.06 

 
0.01 -0.10 0.13 0.06 

 
Home level HLE@ Indirect Learning 

     
-0.01 -0.05 0.02 0.02 

 
-0.01 -0.05 0.02 0.02 

 

 
HLE@ Direct Teaching 

     
0.10 -0.14 0.33 0.12 

 
0.08 -0.15 0.31 0.11 

 

Child level 
Child gender  
(0 = male) 

          
0.00 -0.08 0.08 0.04 

 

 
Child age (months) 

          
-0.01 -0.02 0.01 0.01 

 

 
SDQ# total behavioural difficulties 

          
0.01 -0.01 0.03 0.01 

 

 
WJIII* Brief Intellectual Ability  

          
0.00 -0.01 0.00 0.00 

 

 
STSC± Persistence 

          
0.01 -0.01 0.02 0.01 

 

 
STSC± Approachability 

          
0.01 -0.01 0.03 0.01 

 

 
STSC± Inflexibility 

          
-0.01 -0.04 0.03 0.02 

 
ECEC level Hours per week in ECEC^ programs 

               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 6913 

    
6914 

    
6903 

      ΔAIC` .         2         -10         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 4.41 3.52 5.29 0.45 *** 4.32 3.42 5.22 0.45 *** 

Family level Family Socio Economic Status 0.01 -0.10 0.12 0.06 
 

0.05 -0.05 0.15 0.05 
 

 
Household income -0.01 -0.09 0.06 0.04 

 
0.01 -0.07 0.09 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) 0.03 -0.09 0.14 0.06 

 
0.03 -0.08 0.15 0.06 

 
Home level HLE@ Indirect Learning -0.01 -0.05 0.02 0.02 

 
-0.01 -0.04 0.02 0.02 

 

 
HLE@ Direct Teaching 0.04 -0.15 0.24 0.10 

 
0.04 -0.15 0.22 0.09 

 

Child level 
Child gender  
(0 = male) -0.01 -0.09 0.08 0.04 

 
0.00 -0.08 0.08 0.04 

 

 
Child age (months) -0.01 -0.02 0.01 0.01 

 
0.00 -0.02 0.01 0.01 

 

 
SDQ# total behavioural difficulties 0.01 -0.01 0.03 0.01 

 
0.01 0.00 0.03 0.01 

 

 
WJIII* Brief Intellectual Ability  0.00 -0.01 0.00 0.00 

 
0.00 -0.01 0.00 0.00 

 

 
STSC± Persistence 0.01 -0.01 0.02 0.01 

 
0.01 -0.01 0.02 0.01 

 

 
STSC± Approachability 0.01 -0.01 0.03 0.01 

 
0.01 -0.01 0.03 0.01 

 

 
STSC± Inflexibility -0.01 -0.04 0.03 0.02 

 
-0.01 -0.04 0.03 0.02 

 
ECEC level Hours per week in ECEC^ programs 0.00 -0.01 0.00 0.00 

 
0.00 -0.01 0.00 0.00 

 

 
Child to Adult Ratio in ECEC^ program -0.02 -0.07 0.03 0.03 

 
-0.02 -0.07 0.03 0.03 

 

 
Hours per week in Informal Care 0.00 0.00 0.01 0.00 

 
0.00 0.00 0.01 0.00 

 

 
Family enrolled in any kindergarten program  0.17 0.01 0.33 0.08 * 0.16 0.01 0.32 0.08 * 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
-0.06 -0.40 0.28 0.17 

 

 
Community Socio Economic Status 3rd quintile 

     
0.08 -0.23 0.39 0.16 

 

 
Community Socio Economic Status 4th quintile 

     
-0.20 -0.53 0.12 0.16 

 

 
Community Socio Economic Status 5th quintile 

     
-0.25 -0.61 0.11 0.18 

 

 
Availability$ of local ECEC programs 

     
-0.01 -0.22 0.19 0.10 

 

 
Quality~ of local ECEC programs 

     
0.15 -0.35 0.64 0.25 

 

            
Fit AIC` 6873 

    
6837 

      ΔAIC` -40         -76         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 37. Generalised linear model of ECERS Activities on family, home, child, ECEC, and community predictors. 

  
Model 1 Model 2 Model 3 

Group Variable name est 95% CI se sig est 95% CI se sig est 95% CI se sig 

 
(Intercept) 3.59 3.38 3.81 0.11 *** 3.60 3.38 3.81 0.11 *** 3.76 3.24 4.27 0.23 *** 

Family level Family Socio Economic Status 0.09 -0.02 0.20 0.05 . 0.09 -0.02 0.20 0.05 
 

0.09 -0.02 0.19 0.05 
 

 
Household income -0.01 -0.09 0.07 0.04 

 
-0.01 -0.09 0.07 0.04 

 
-0.01 -0.10 0.07 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.01 

 

 

Main caregiver migration background  
(0 = born in Australia) -0.01 -0.14 0.11 0.06 

 
-0.01 -0.14 0.12 0.07 

 
-0.01 -0.14 0.12 0.06 

 
Home level HLE@ Indirect Learning 

     
-0.01 -0.04 0.02 0.02 

 
-0.02 -0.05 0.02 0.02 

 

 
HLE@ Direct Teaching 

     
0.12 -0.09 0.34 0.11 

 
0.15 -0.07 0.38 0.11 

 

Child level 
Child gender  
(0 = male) 

          
-0.05 -0.13 0.02 0.04 

 

 
Child age (months) 

          
0.09 0.00 0.19 0.05 . 

 
SDQ# total behavioural difficulties 

          
0.00 -0.02 0.01 0.01 

 

 
WJIII* Brief Intellectual Ability  

          
0.00 0.00 0.01 0.00 

 

 
STSC± Persistence 

          
-0.01 -0.02 0.01 0.01 

 

 
STSC± Approachability 

          
0.00 -0.01 0.01 0.01 

 

 
STSC± Inflexibility 

          
-0.01 -0.02 0.01 0.01 

 
ECEC level Hours per week in ECEC^ programs 

               

 
Child to Adult Ratio in ECEC^ program 

               

 
Hours per week in Informal Care 

               

 
Family enrolled in any kindergarten program  

               
Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

               

 
Community Socio Economic Status 3rd quintile 

               

 
Community Socio Economic Status 4th quintile 

               

 
Community Socio Economic Status 5th quintile 

               

 
Availability$ of local ECEC programs 

               

 
Quality~ of local ECEC programs 

               

                 
Fit AIC` 6472 

    
6472 

    
6445 

      ΔAIC` .         0         -26         
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Model 4 Model 5 

Group Variable name est 95% CI se sig est 95% CI se sig 

 
(Intercept) 3.65 3.04 4.25 0.30 *** 3.43 2.87 3.98 0.27 *** 

Family level Family Socio Economic Status 0.07 -0.03 0.17 0.05 
 

0.03 -0.07 0.12 0.05 
 

 
Household income 0.00 -0.08 0.08 0.04 

 
-0.02 -0.10 0.07 0.04 

 

 
Main caregiver depression and anxiety 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.01 0.00 

 

 

Main caregiver migration background  
(0 = born in Australia) 0.01 -0.12 0.15 0.07 

 
0.00 -0.13 0.13 0.06 

 
Home level HLE@ Indirect Learning -0.01 -0.04 0.02 0.01 

 
0.00 -0.03 0.03 0.01 

 

 
HLE@ Direct Teaching 0.11 -0.10 0.32 0.10 

 
0.09 -0.11 0.28 0.10 

 

Child level 
Child gender  
(0 = male) -0.06 -0.14 0.01 0.04 

 
-0.07 -0.15 0.00 0.04 . 

 
Child age (months) 0.09 0.01 0.17 0.04 * 0.08 0.01 0.16 0.04 * 

 
SDQ# total behavioural difficulties 0.00 -0.02 0.02 0.01 

 
0.00 -0.01 0.01 0.01 

 

 
WJIII* Brief Intellectual Ability  0.00 0.00 0.01 0.00 

 
0.00 -0.01 0.00 0.00 

 

 
STSC± Persistence 0.00 -0.02 0.01 0.01 

 
0.00 -0.02 0.01 0.01 

 

 
STSC± Approachability 0.00 -0.01 0.01 0.01 

 
0.00 -0.01 0.02 0.01 

 

 
STSC± Inflexibility -0.01 -0.03 0.01 0.01 

 
-0.01 -0.03 0.01 0.01 

 
ECEC level Hours per week in ECEC^ programs 0.00 -0.01 0.00 0.00 

 
0.00 -0.01 0.00 0.00 

 

 
Child to Adult Ratio in ECEC^ program 0.01 -0.04 0.06 0.02 

 
0.01 -0.03 0.06 0.02 

 

 
Hours per week in Informal Care 0.00 -0.01 0.01 0.00 

 
0.00 -0.01 0.01 0.00 

 

 
Family enrolled in any kindergarten program  0.34 0.07 0.60 0.12 * 0.32 0.06 0.58 0.12 * 

Community 
level 

Community Socio Economic Status 2nd quintile 
(0 = 1st quintile) 

     
-0.19 -0.46 0.09 0.14 

 

 
Community Socio Economic Status 3rd quintile 

     
-0.07 -0.37 0.22 0.15 

 

 
Community Socio Economic Status 4th quintile 

     
0.14 -0.23 0.50 0.18 

 

 
Community Socio Economic Status 5th quintile 

     
0.03 -0.30 0.37 0.17 

 

 
Availability$ of local ECEC programs 

     
0.20 0.02 0.37 0.09 * 

 
Quality~ of local ECEC programs 

     
0.13 -0.31 0.56 0.22 

 

            
Fit AIC` 6389 

    
6303 

      ΔAIC` -82         -168         
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
^ Early Childhood Education and Care Classrooms 
± Short Temperament Scale for Children 
# Strengths and Difficulties Questionnaire 
@ Home Learning Environment 
* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
$ Licensed ECEC capacity per resident child in Postal Area 
~  ECEC capacity Meeting the National Quality Standard per resident child in Postal 
Area 

` Akaike information criterion  
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Table 38. Multiple group (family SES) linear growth model estimating intercept and slope growth factors for CLASS Emotional Support regressed on covariates. 

   
Group low SES+ Group mid SES+ Group high SES+ 

Growth factor Group Variable Est se sig Est se sig Est se sig 

Intercept 
 

Mean -1.46 0.25 *** -1.30 0.31 *** -0.65 0.35 . 

on Family level Household income -0.10 0.11 
 

0.06 0.08 
 

-0.03 0.05 
 

  
Main caregiver depression and anxiety 0.00 0.04 

 
-0.02 0.02 

 
0.01 0.02 

 

  

Main caregiver migration background  
(0 = born in Australia) -0.44 0.28 

 
-0.19 0.17 

 
-0.50 0.21 * 

 
Home level HLE@ Indirect Learning 0.09 0.07 

 
-0.05 0.07 

 
0.04 0.05 

 

  
HLE@ Direct Teaching -0.09 0.39 

 
0.94 0.36 * -0.12 0.32 

 

 
Child level 

Child gender  
(0 = male) 0.57 0.29 * 0.21 0.15 

 
-0.14 0.18 

 

  
Child age (months) 0.04 0.02 * 0.05 0.02 ** 0.02 0.02 

 

  
SDQ# total behavioural difficulties -0.08 0.04 * -0.02 0.03 

 
0.06 0.03 . 

  
WJIII* Brief Intellectual Ability  0.02 0.01 

 
0.02 0.01 * 0.02 0.01 * 

  
STSC± Persistence -0.01 0.06 

 
-0.06 0.04 . -0.02 0.03 

 

  
STSC± Approachability 0.10 0.05 * -0.05 0.03 

 
0.04 0.03 

 

  
STSC± Inflexibility 0.15 0.06 ** 0.00 0.06 

 
0.00 0.04 

 

 
ECEC level Hours per week in ECEC^ programs -0.03 0.01 ** 0.01 0.01 

 
0.00 0.01 

 

  
Child to Adult Ratio in ECEC^ program -0.13 0.06 * -0.15 0.06 ** -0.05 0.07 

 

  
Hours per week in Informal Care 0.02 0.01 

 
0.01 0.01 

 
0.01 0.01 

 

  
Family enrolled in any kindergarten program  -0.28 0.35 

 
0.55 0.26 * 0.89 0.37 * 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.14 0.40 

 
0.67 0.36 . 0.05 0.46 

 

  

Community Socio Economic Status 3rd 
quintile 0.12 0.33 

 
0.13 0.35 

 
-0.37 0.38 

 

  

Community Socio Economic Status 4th 
quintile -0.41 0.35 

 
0.45 0.34 

 
-0.01 0.42 

 

  

Community Socio Economic Status 5th 
quintile 1.15 0.44 ** 0.57 0.41 

 
0.43 0.39 

 

  
Availability$ of local ECEC programs 1.04 0.50 * 0.06 0.18 

 
0.45 0.43 
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Quality~ of local ECEC programs 0.85 0.55 

 
0.84 0.49 . -0.58 0.67 

 
Slope 

 
Mean 0.79 0.16 *** 0.58 0.17 ** 0.54 0.22 * 

on Family level Household income 0.11 0.10 
 

0.01 0.06 
 

0.01 0.03 
 

  
Main caregiver depression and anxiety -0.01 0.02 

 
0.01 0.02 

 
-0.06 0.02 *** 

  

Main caregiver migration background  
(0 = born in Australia) -0.11 0.22 

 
0.11 0.17 

 
0.41 0.18 * 

 
Home level HLE@ Indirect Learning -0.10 0.04 * 0.07 0.04 

 
0.00 0.04 

 

  
HLE@ Direct Teaching 0.30 0.30 

 
-0.72 0.23 ** 0.02 0.29 

 

 
Child level 

Child gender  
(0 = male) -0.36 0.19 . -0.05 0.12 

 
0.04 0.12 

 

  
Child age (months) -0.02 0.01 

 
-0.04 0.01 ** -0.03 0.01 * 

  
SDQ# total behavioural difficulties 0.06 0.02 * -0.02 0.03 

 
-0.02 0.03 

 

  
WJIII* Brief Intellectual Ability  -0.01 0.01 

 
-0.01 0.01 

 
-0.01 0.01 

 

  
STSC± Persistence 0.01 0.03 

 
0.05 0.02 * 0.01 0.02 

 

  
STSC± Approachability -0.05 0.06 

 
0.00 0.04 

 
-0.05 0.03 * 

  
STSC± Inflexibility -0.14 0.05 ** 0.04 0.04 

 
0.03 0.04 

 

 
ECEC level Hours per week in ECEC^ programs 0.02 0.01 ** 0.00 0.01 

 
-0.01 0.01 

 

  
Child to Adult Ratio in ECEC^ program 0.09 0.04 * 0.12 0.04 ** 0.02 0.05 

 

  
Hours per week in Informal Care -0.01 0.01 

 
0.00 0.02 

 
0.00 0.01 

 

  
Family enrolled in any kindergarten program  0.21 0.34 

 
0.02 0.18 

 
-0.68 0.26 * 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.09 0.26 

 
-0.08 0.22 

 
-0.05 0.31 

 

  

Community Socio Economic Status 3rd 
quintile -0.05 0.21 

 
-0.08 0.21 

 
-0.02 0.27 

 

  

Community Socio Economic Status 4th 
quintile 0.36 0.24 

 
-0.04 0.22 

 
-0.02 0.26 

 

  

Community Socio Economic Status 5th 
quintile -0.61 0.31 * -0.15 0.23 

 
-0.16 0.23 

 

  
Availability$ of local ECEC programs -0.81 0.33 * 0.02 0.15 

 
0.00 0.29 

 

  
Quality~ of local ECEC programs -0.34 0.36 

 
-0.45 0.32 

 
0.01 0.41 

 

	 	 	   	   	   	Fit RMSEA` Mean 0.06 
 	   	   	    Standard Deviation  0.00   		     		     		
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 

+ Family socio economic status (low < -0.5SD, -0.5SD <= mid < 0.5SD, high >= 0.5SD) 

^ Early Childhood Education and Care Classrooms 

± Short Temperament Scale for Children 

# Strengths and Difficulties Questionnaire 

@ Home Learning Environment 

* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

$ Licensed ECEC capacity per resident child in Postal Area 

~  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 

` Root-mean-square error of approximation 
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Table 39. Multiple group (family SES) linear growth model estimating intercept and slope growth factors for CLASS Classroom Organisation regressed on 

covariates. 

   
Group low SES+ Group mid SES+ Group high SES+ 

Growth factor Group Variable Est se sig Est se sig Est se sig 

Intercept 
 

Mean -1.30 0.23 *** -0.92 0.21 *** -0.57 0.20 ** 

on Family level Household income -0.03 0.09 
 

0.02 0.06 
 

-0.06 0.03 * 

  
Main caregiver depression and anxiety -0.01 0.01 

 
-0.03 0.01 * 0.01 0.01 

 

  

Main caregiver migration background  
(0 = born in Australia) -0.32 0.25 

 
-0.03 0.17 

 
-0.32 0.15 * 

 
Home level HLE@ Indirect Learning 0.04 0.05 

 
0.02 0.04 

 
0.05 0.04 

 

  
HLE@ Direct Teaching -0.04 0.41 

 
0.13 0.25 

 
-0.31 0.20 

 

 
Child level 

Child gender  
(0 = male) 0.46 0.19 * -0.01 0.11 

 
0.10 0.13 

 

  
Child age (months) 0.04 0.01 ** 0.04 0.01 ** 0.02 0.01 . 

  
SDQ# total behavioural difficulties -0.05 0.03 . -0.01 0.02 

 
0.06 0.02 ** 

  
WJIII* Brief Intellectual Ability  0.01 0.01 

 
0.01 0.01 

 
0.02 0.01 ** 

  
STSC± Persistence -0.03 0.05 

 
-0.01 0.03 

 
0.00 0.02 

 

  
STSC± Approachability 0.02 0.03 

 
-0.01 0.03 

 
0.01 0.02 

 

  
STSC± Inflexibility 0.08 0.03 ** 0.01 0.03 

 
0.00 0.03 

 

 
ECEC level Hours per week in ECEC^ programs -0.02 0.01 ** 0.00 0.01 

 
0.00 0.01 

 

  
Child to Adult Ratio in ECEC^ program -0.12 0.04 ** -0.15 0.04 *** -0.07 0.03 * 

  
Hours per week in Informal Care 0.01 0.02 

 
0.01 0.02 

 
0.00 0.01 

 

  
Family enrolled in any kindergarten program  -0.07 0.25 

 
0.43 0.22 . 0.30 0.21 

 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.14 0.28 

 
0.37 0.28 

 
-0.28 0.25 

 

  

Community Socio Economic Status 3rd 
quintile 0.11 0.23 

 
0.06 0.25 

 
-0.39 0.28 

 

  

Community Socio Economic Status 4th 
quintile -0.31 0.25 

 
0.07 0.22 

 
-0.37 0.23 

 

  

Community Socio Economic Status 5th 
quintile 0.97 0.35 ** 0.39 0.26 

 
0.11 0.22 

 

  
Availability$ of local ECEC programs 0.37 0.38 

 
0.02 0.14 

 
0.36 0.26 
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Quality~ of local ECEC programs 0.61 0.44 

 
0.11 0.34 

 
-0.23 0.38 

 
Slope 

 
Mean 0.80 0.19 *** 0.40 0.17 * 0.51 0.13 *** 

on Family level Household income 0.15 0.07 * 0.03 0.04 
 

0.04 0.02 . 

  
Main caregiver depression and anxiety 0.00 0.01 

 
0.02 0.01 . -0.03 0.01 * 

  

Main caregiver migration background  
(0 = born in Australia) 0.00 0.16 

 
0.04 0.13 

 
0.16 0.09 . 

 
Home level HLE@ Indirect Learning -0.09 0.04 . 0.00 0.03 

 
-0.05 0.03 

 

  
HLE@ Direct Teaching 0.33 0.28 

 
-0.03 0.21 

 
0.22 0.23 

 

 
Child level 

Child gender  
(0 = male) -0.39 0.14 ** 0.03 0.10 

 
-0.01 0.09 

 

  
Child age (months) -0.02 0.01 . -0.03 0.01 ** -0.01 0.01 

 

  
SDQ# total behavioural difficulties 0.05 0.02 * -0.02 0.02 

 
-0.03 0.02 . 

  
WJIII* Brief Intellectual Ability  -0.01 0.01 

 
0.00 0.01 

 
-0.01 0.01 . 

  
STSC± Persistence 0.03 0.02 

 
0.02 0.02 

 
0.01 0.01 

 

  
STSC± Approachability -0.02 0.02 

 
-0.03 0.02 

 
-0.02 0.02 

 

  
STSC± Inflexibility -0.11 0.04 ** 0.03 0.04 

 
0.00 0.02 

 

 
ECEC level Hours per week in ECEC^ programs 0.02 0.01 *** 0.00 0.00 

 
-0.01 0.00 . 

  
Child to Adult Ratio in ECEC^ program 0.09 0.03 *** 0.12 0.03 *** 0.05 0.02 * 

  
Hours per week in Informal Care -0.01 0.01 

 
-0.01 0.01 

 
0.00 0.01 

 

  
Family enrolled in any kindergarten program  0.03 0.20 

 
-0.05 0.20 

 
-0.34 0.15 * 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.02 0.20 

 
0.14 0.19 

 
0.12 0.16 

 

  

Community Socio Economic Status 3rd 
quintile -0.02 0.21 

 
0.08 0.16 

 
-0.08 0.18 

 

  

Community Socio Economic Status 4th 
quintile 0.22 0.23 

 
0.16 0.19 

 
0.14 0.15 

 

  

Community Socio Economic Status 5th 
quintile -0.72 0.23 ** -0.07 0.19 

 
-0.12 0.14 

 

  
Availability$ of local ECEC programs -0.27 0.26 

 
-0.01 0.10 

 
-0.14 0.20 

 

  
Quality~ of local ECEC programs -0.33 0.25 

 
-0.11 0.25 

 
-0.18 0.29 

 

	 	 	   	   	   	Fit RMSEA` Mean 0.06 
 	   	   	    Standard Deviation  0.00   		     		     		
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 

+ Family socio economic status (low < -0.5SD, -0.5SD <= mid < 0.5SD, high >= 0.5SD) 

^ Early Childhood Education and Care Classrooms 

± Short Temperament Scale for Children 

# Strengths and Difficulties Questionnaire 

@ Home Learning Environment 

* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

$ Licensed ECEC capacity per resident child in Postal Area 

~  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 

` Root-mean-square error of approximation 
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Table 40. Multiple group (family SES) linear growth model estimating intercept and slope growth factors for CLASS Instructional Support regressed on 

covariates. 

   
Group low SES+ Group mid SES+ Group high SES+ 

Growth factor Group Variable Est se sig Est se sig Est se sig 

Intercept 
 

Mean -1.44 0.29 *** -1.23 0.27 *** -0.22 0.40 
 

on Family level Household income -0.19 0.10 * 0.13 0.11 
 

0.08 0.07 
 

  
Main caregiver depression and anxiety -0.03 0.03 

 
-0.02 0.02 

 
0.00 0.03 

 

  

Main caregiver migration background  
(0 = born in Australia) -0.43 0.44 

 
0.10 0.25 

 
-0.55 0.29 . 

 
Home level HLE@ Indirect Learning 0.14 0.09 

 
-0.04 0.09 

 
0.00 0.07 

 

  
HLE@ Direct Teaching -0.16 0.50 

 
0.77 0.55 

 
0.35 0.38 

 

 
Child level 

Child gender  
(0 = male) -0.03 0.29 

 
0.13 0.21 

 
-0.46 0.21 * 

  
Child age (months) 0.07 0.03 ** 0.06 0.02 * 0.03 0.02 

 

  
SDQ# total behavioural difficulties -0.06 0.06 

 
-0.07 0.03 . 0.04 0.04 

 

  
WJIII* Brief Intellectual Ability  0.00 0.01 

 
0.03 0.01 ** 0.02 0.01 . 

  
STSC± Persistence -0.04 0.06 

 
0.01 0.04 

 
-0.04 0.03 

 

  
STSC± Approachability 0.06 0.07 

 
-0.06 0.03 . 0.02 0.03 

 

  
STSC± Inflexibility 0.13 0.07 . 0.14 0.04 ** 0.16 0.07 * 

 
ECEC level Hours per week in ECEC^ programs -0.03 0.02 

 
0.00 0.01 

 
0.01 0.01 

 

  
Child to Adult Ratio in ECEC^ program -0.11 0.07 . -0.19 0.07 ** -0.12 0.07 . 

  
Hours per week in Informal Care 0.02 0.02 

 
0.00 0.02 

 
0.00 0.02 

 

  
Family enrolled in any kindergarten program  -0.28 0.60 

 
1.18 0.37 ** 0.56 0.39 

 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) -0.12 0.42 

 
0.32 0.43 

 
0.11 0.48 

 

  

Community Socio Economic Status 3rd 
quintile -0.09 0.38 

 
0.06 0.34 

 
-0.64 0.53 

 

  

Community Socio Economic Status 4th 
quintile -0.11 0.39 

 
0.50 0.30 . 0.44 0.50 

 

  

Community Socio Economic Status 5th 
quintile 1.35 0.44 ** 0.26 0.47 

 
0.51 0.50 

 

  
Availability$ of local ECEC programs 1.36 0.66 * 0.18 0.25 

 
0.50 0.46 

 

  
Quality~ of local ECEC programs -0.41 0.67 

 
-0.45 0.53 

 
-0.22 0.82 
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Slope 
 

Mean 0.81 0.19 *** 0.61 0.18 ** 0.33 0.25 
 

on Family level Household income 0.26 0.11 * -0.06 0.07 
 

-0.03 0.05 
 

  
Main caregiver depression and anxiety 0.02 0.01 . 0.01 0.02 

 
-0.02 0.02 

 

  

Main caregiver migration background  
(0 = born in Australia) 0.27 0.37 

 
-0.17 0.14 

 
0.45 0.17 ** 

 
Home level HLE@ Indirect Learning -0.11 0.08 

 
0.01 0.06 

 
0.01 0.04 

 

  
HLE@ Direct Teaching -0.01 0.45 

 
-0.45 0.35 

 
-0.15 0.26 

 

 
Child level 

Child gender  
(0 = male) 0.04 0.20 

 
0.02 0.13 

 
0.29 0.15 * 

  
Child age (months) -0.03 0.02 

 
-0.03 0.01 * 0.00 0.01 

 

  
SDQ# total behavioural difficulties 0.03 0.05 

 
0.04 0.03 

 
-0.03 0.03 

 

  
WJIII* Brief Intellectual Ability  0.00 0.01 

 
-0.01 0.01 

 
-0.01 0.01 

 

  
STSC± Persistence 0.05 0.05 

 
0.01 0.03 

 
0.02 0.02 

 

  
STSC± Approachability -0.05 0.06 

 
0.02 0.03 

 
-0.01 0.03 

 

  
STSC± Inflexibility -0.10 0.06 . -0.06 0.03 * -0.06 0.05 

 

 
ECEC level Hours per week in ECEC^ programs 0.01 0.01 

 
0.00 0.01 

 
-0.01 0.01 

 

  
Child to Adult Ratio in ECEC^ program 0.08 0.04 . 0.13 0.04 ** 0.04 0.04 

 

  
Hours per week in Informal Care -0.01 0.01 

 
0.00 0.01 

 
-0.01 0.01 

 

  
Family enrolled in any kindergarten program  -0.17 0.37 

 
-0.62 0.24 * -0.27 0.26 

 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.37 0.25 

 
0.24 0.28 

 
-0.04 0.34 

 

  

Community Socio Economic Status 3rd 
quintile 0.07 0.25 

 
0.05 0.22 

 
-0.08 0.30 

 

  

Community Socio Economic Status 4th 
quintile 0.19 0.30 

 
-0.04 0.24 

 
-0.31 0.28 

 

  

Community Socio Economic Status 5th 
quintile -1.22 0.27 *** 0.09 0.26 

 
-0.36 0.29 

 

  
Availability$ of local ECEC programs -0.80 0.41 * -0.11 0.15 

 
-0.36 0.31 

 

  
Quality~ of local ECEC programs 0.45 0.44 

 
0.70 0.40 . 0.59 0.53 

 

	 	 	   	   	   	Fit RMSEA` Mean 0.06 
 	   	   	    Standard Deviation  0.00   		     		     		

 



 345 

 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 

+ Family socio economic status (low < -0.5SD, -0.5SD <= mid < 0.5SD, high >= 0.5SD) 

^ Early Childhood Education and Care Classrooms 

± Short Temperament Scale for Children 

# Strengths and Difficulties Questionnaire 

@ Home Learning Environment 

* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

$ Licensed ECEC capacity per resident child in Postal Area 

~  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 

` Root-mean-square error of approximation 
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Table 41. Multiple group (family SES) linear growth model estimating intercept and slope growth factors for ECERS-R Activities regressed on covariates. 

   
Group low SES+ Group mid SES+ Group high SES+ 

Growth factor Group Variable Est se sig Est se sig Est se sig 

Intercept 
 

Mean 3.37 0.12 *** 3.56 0.18 *** 3.81 0.21 *** 

on Family level Household income -0.07 0.04 . 0.04 0.04 
 

-0.05 0.03 
 

  
Main caregiver depression and anxiety 0.00 0.01 

 
0.01 0.01 

 
0.01 0.02 

 

  

Main caregiver migration background  
(0 = born in Australia) -0.14 0.15 

 
-0.04 0.11 

 
-0.02 0.13 

 

 
Home level HLE@ Indirect Learning -0.04 0.04 

 
-0.02 0.03 

 
0.02 0.03 

 

  
HLE@ Direct Teaching 0.51 0.22 * 0.26 0.20 

 
0.34 0.18 . 

 
Child level 

Child gender  
(0 = male) 0.13 0.12 

 
0.00 0.08 

 
-0.10 0.09 

 

  
Child age (months) 0.01 0.01 

 
0.01 0.01 

 
0.01 0.01 

 

  
SDQ# total behavioural difficulties -0.02 0.01 

 
-0.02 0.02 

 
0.04 0.02 ** 

  
WJIII* Brief Intellectual Ability  0.00 0.01 

 
0.00 0.01 

 
0.01 0.01 

 

  
STSC± Persistence -0.03 0.02 . 0.01 0.02 

 
-0.02 0.01 

 

  
STSC± Approachability 0.03 0.03 

 
0.00 0.02 

 
0.01 0.01 

 

  
STSC± Inflexibility 0.05 0.02 * 0.02 0.02 

 
0.01 0.03 

 

 
ECEC level Hours per week in ECEC^ programs -0.01 0.00 * 0.01 0.00 . 0.00 0.00 

 

  
Child to Adult Ratio in ECEC^ program 0.03 0.02 

 
0.02 0.03 

 
0.01 0.03 

 

  
Hours per week in Informal Care 0.01 0.01 

 
0.01 0.01 

 
0.00 0.01 

 

  
Family enrolled in any kindergarten program  0.13 0.26 

 
0.48 0.18 ** 0.49 0.21 * 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) 0.04 0.13 

 
-0.01 0.18 

 
-0.22 0.20 

 

  

Community Socio Economic Status 3rd 
quintile 0.16 0.15 

 
-0.06 0.18 

 
-0.39 0.23 . 

  

Community Socio Economic Status 4th 
quintile 0.06 0.22 

 
0.07 0.23 

 
-0.03 0.19 

 

  

Community Socio Economic Status 5th 
quintile 0.26 0.24 

 
0.27 0.20 

 
-0.12 0.20 

 

  
Availability$ of local ECEC programs 0.20 0.24 

 
0.12 0.08 

 
0.29 0.15 . 
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Quality~ of local ECEC programs 0.38 0.31 

 
-0.20 0.27 

 
-0.17 0.26 

 
Slope 

 
Mean -0.27 0.10 ** -0.33 0.14 * -0.28 0.10 ** 

on Family level Household income 0.05 0.04 
 

0.01 0.03 
 

0.02 0.02 
 

  
Main caregiver depression and anxiety -0.01 0.02 

 
-0.01 0.01 

 
-0.01 0.01 

 

  

Main caregiver migration background  
(0 = born in Australia) 0.13 0.10 

 
-0.02 0.10 

 
0.00 0.11 

 

 
Home level HLE@ Indirect Learning -0.02 0.04 

 
0.04 0.03 

 
-0.02 0.02 

 

  
HLE@ Direct Teaching 0.04 0.25 

 
-0.13 0.21 

 
-0.12 0.13 

 

 
Child level 

Child gender  
(0 = male) -0.05 0.08 

 
0.05 0.06 

 
-0.03 0.07 

 

  
Child age (months) -0.02 0.01 ** -0.02 0.01 ** -0.03 0.01 ** 

  
SDQ# total behavioural difficulties 0.01 0.01 

 
0.00 0.02 

 
-0.01 0.02 

 

  
WJIII* Brief Intellectual Ability  0.00 0.00 

 
0.00 0.01 

 
-0.01 0.00 ** 

  
STSC± Persistence 0.00 0.02 

 
0.01 0.02 

 
0.01 0.02 

 

  
STSC± Approachability -0.03 0.02 . -0.02 0.01 

 
-0.01 0.01 

 

  
STSC± Inflexibility -0.07 0.02 *** 0.00 0.04 

 
-0.01 0.02 

 

 
ECEC level Hours per week in ECEC^ programs 0.01 0.00 . -0.01 0.00 *** 0.00 0.00 

 

  
Child to Adult Ratio in ECEC^ program 0.00 0.02 

 
0.01 0.02 

 
-0.01 0.02 

 

  
Hours per week in Informal Care -0.01 0.01 . 0.00 0.01 

 
0.00 0.01 

 

  
Family enrolled in any kindergarten program  0.07 0.23 

 
-0.24 0.12 . -0.44 0.13 ** 

 

Community 
level 

Community Socio Economic Status 2nd 
quintile 
(0 = 1st quintile) -0.15 0.10 

 
0.09 0.16 

 
0.18 0.14 

 

  

Community Socio Economic Status 3rd 
quintile -0.04 0.12 

 
0.19 0.14 

 
0.17 0.18 

 

  

Community Socio Economic Status 4th 
quintile 0.31 0.16 . -0.01 0.17 

 
-0.07 0.12 

 

  

Community Socio Economic Status 5th 
quintile -0.10 0.20 

 
-0.08 0.16 

 
0.13 0.12 

 

  
Availability$ of local ECEC programs -0.41 0.20 * -0.10 0.07 

 
-0.07 0.16 

 

  
Quality~ of local ECEC programs -0.01 0.23 

 
0.26 0.16 

 
-0.05 0.23 

 

	 	 	   	   	   	Fit RMSEA` Mean 0.06 
 	   	   	    Standard Deviation  0.00   		     		     		
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p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 

+ Family socio economic status (low < -0.5SD, -0.5SD <= mid < 0.5SD, high >= 0.5SD) 

^ Early Childhood Education and Care Classrooms 

± Short Temperament Scale for Children 

# Strengths and Difficulties Questionnaire 

@ Home Learning Environment 

* Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 

$ Licensed ECEC capacity per resident child in Postal Area 

~  ECEC capacity Meeting the National Quality Standard per resident child in Postal Area 

` Root-mean-square error of approximation 
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Appendix E: Supplemental output from Study 3: Selection and 
Socio Economic Status: Who Experiences High Quality Early 

Childhood Education and Care? 
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Table 42. Correlation matrix for cross sectional year 2010 

Variable 

Index Variable name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 WJIII* Verbal Ability 2010 1.00 *** *** ** *** *** ** *** *** *** ** * *** *** *** *** ** ** * 

 

*** 

 

2 

WJIII* Applied Problems 

2010 0.60 1.00 ** *** *** *** *** *** *** *** 

  

*** *** *** *** * ** 

  

*** 

 

3 

Child age (months at Jan 

2010) 0.08 -0.06 1.00 *** *** *** 

 

*** 

 

* * ** *** 

 

* 

 

*** *** *** * 

 

*** 

4 

SDQ
#
 total behavioural 

difficulties -0.06 -0.08 0.10 1.00 *** *** *** *** *** *** *** 

    

. 

  

*** * 

  

5 

WJIII* Brief Intellectual 

Ability  0.76 0.66 -0.09 -0.07 1.00 *** * *** *** *** ** ** *** *** *** *** ** . . *** *** 

 

6 STSC
±
 Persistence 0.13 0.18 0.11 -0.15 0.13 1.00 ** *** *** *** *** *** *** 

    

* . 

  

** 

7 STSC
±
 Approachability -0.06 -0.08 -0.01 -0.13 -0.04 0.05 1.00 . ** *** 

 

* . 

 

. 

       

8 STSC
±
 Inflexibility -0.07 -0.10 -0.08 0.28 -0.08 -0.19 -0.03 1.00 

 

*** *** ** ** * 

 

* 

   

. 

 

* 

9 

Family Socio Economic 

Status 0.32 0.35 -0.02 -0.10 0.31 0.08 -0.06 -0.02 1.00 *** *** 

 

** *** *** *** *** *** 

  

*** 

 

10 

Household income relative 

to need 0.29 0.30 -0.04 -0.10 0.31 0.07 -0.07 -0.09 0.46 1.00 *** 

 

. *** *** *** 

 

*** 

 

** *** 

 

11 

Main caregiver depression 

and anxiety -0.06 -0.03 0.05 0.34 -0.05 -0.07 -0.02 0.19 -0.07 -0.12 1.00 

    

. 

  

* 

  

** 

12 HLE
@

 Indirect Learning 0.05 0.03 -0.06 0.02 0.06 0.13 0.05 -0.06 -0.03 -0.03 -0.02 1.00 *** 

     

. * *** 

 

13 HLE
@

 Direct Teaching 0.09 0.09 -0.10 -0.02 0.13 0.19 0.04 -0.06 0.07 0.04 -0.03 0.70 1.00 . . * 

 

*** *** 

  

* 

14 

CLASS+ Emotional Support 

2010 0.18 0.15 0.03 -0.03 0.19 0.02 -0.03 -0.05 0.19 0.14 -0.03 -0.01 0.04 1.00 *** *** *** *** *** 

 

*** *** 

15 

CLASS+ Classroom 

Organisation 2010 0.16 0.15 0.04 -0.01 0.16 0.01 -0.03 -0.01 0.16 0.13 -0.03 -0.01 0.03 0.89 1.00 *** *** *** *** 

 

*** *** 

16 

CLASS+ Instructional 

Support 2010 0.16 0.16 0.03 -0.03 0.16 0.01 0.00 0.05 0.23 0.12 -0.04 -0.02 0.05 0.72 0.65 1.00 *** *** *** 

 

*** *** 

17 ECERS-R& Activities 2010 0.05 0.04 0.11 -0.01 0.06 0.00 0.02 -0.02 0.09 0.03 -0.01 -0.01 0.03 0.30 0.28 0.32 1.00 ** 

  

*** *** 

18 

Hours per week in ECEC
^
 

programs 2010 0.06 0.05 0.14 0.03 0.03 -0.04 -0.02 0.00 0.08 0.13 -0.03 -0.02 -0.08 -0.11 -0.09 -0.09 -0.07 1.00 *** *** 

 

*** 

19 

Child to Adult Ratio in 

ECEC
^
 program 2010 0.05 -0.01 0.34 0.08 0.03 0.04 0.00 0.02 -0.03 0.00 0.04 -0.03 -0.08 -0.18 -0.20 -0.19 0.03 0.07 1.00 

 

** *** 

20 

Hours per week in Informal 

Care 2010 0.02 0.02 -0.05 0.05 0.08 0.01 -0.02 -0.03 -0.01 0.06 0.02 -0.05 0.00 -0.01 -0.01 -0.02 0.00 -0.08 0.00 1.00 * 

 

21 

Availability
$
 of local ECEC 

programs 0.11 0.13 -0.02 -0.03 0.11 0.02 -0.02 0.02 0.17 0.17 0.00 -0.07 0.00 0.14 0.10 0.14 0.15 0.02 -0.06 -0.05 1.00 *** 

22 

Quality
~
 of local ECEC 

programs 0.00 -0.02 -0.12 0.02 0.03 -0.07 0.00 0.04 0.02 0.02 -0.06 -0.02 0.04 0.13 0.08 0.09 0.10 -0.12 -0.19 0.00 0.43 1.00 

 

N.B. the lower triangle is the correlation coefficient and the upper triangle is the p value, 

where p is < 0.1 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
+
 Classroom Assessment Scoring System 
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&
 Early Childhood Environment Rating Scale - Revised 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
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Table 43. Correlation matrix for cross sectional year 2011 

Variable 

Index Variable name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 WJIII* Verbal Ability 2010 1.00 *** *** ** *** *** 

 

*** *** *** 

 

*** *** *** ** *** *** *** 

 

* *** 

 

2 

WJIII* Applied Problems 

2010 0.58 1.00 *** . *** *** *** ** *** *** 

 

*** *** 

   

*** *** 

 

. ** 

 

3 

Child age (months at Jan 

2010) -0.16 -0.21 1.00 *** *** *** 

 

*** 

 

* * ** *** *** *** *** *** *** *** *** 

 

*** 

4 

SDQ
#
 total behavioural 

difficulties -0.06 -0.04 0.10 1.00 *** *** *** *** *** *** *** 

     

** *** * 

   

5 

WJIII* Brief Intellectual 

Ability  0.61 0.56 -0.09 -0.07 1.00 *** * *** *** *** ** ** *** *** ** *** *** 

 

*** 

 

*** 

 

6 STSC
±
 Persistence 0.15 0.16 0.11 -0.15 0.13 1.00 ** *** *** *** *** *** *** * * * 

 

* *** 

  

** 

7 STSC
±
 Approachability -0.03 -0.09 -0.01 -0.13 -0.04 0.05 1.00 . ** *** 

 

* . 

  

* . . 

    

8 STSC
±
 Inflexibility -0.11 -0.06 -0.08 0.28 -0.08 -0.19 -0.03 1.00 

 

*** *** ** ** *** *** 

   

. 

  

* 

9 

Family Socio Economic 

Status 0.31 0.25 -0.02 -0.10 0.31 0.08 -0.06 -0.02 1.00 *** *** 

 

** *** ** *** *** *** 

  

*** 

 

10 

Household income 

relative to need 0.26 0.20 -0.04 -0.10 0.31 0.07 -0.07 -0.09 0.46 1.00 *** 

 

. *** *** *** . *** 

 

. *** 

 

11 

Main caregiver 

depression and anxiety -0.02 -0.02 0.05 0.34 -0.05 -0.07 -0.02 0.19 -0.07 -0.12 1.00 

  

** ** 

  

** 

   

** 

12 HLE
@

 Indirect Learning 0.10 0.07 -0.06 0.02 0.06 0.13 0.05 -0.06 -0.03 -0.03 -0.02 1.00 *** *** * . * *** 

  

*** 

 

13 HLE
@

 Direct Teaching 0.16 0.11 -0.10 -0.02 0.13 0.19 0.04 -0.06 0.07 0.04 -0.03 0.70 1.00 *** *** ** *** *** 

 

* 

 

* 

14 

CLASS+ Emotional 

Support 2010 0.09 0.02 0.07 0.02 0.08 0.04 -0.03 0.08 0.09 0.09 -0.06 0.07 0.10 1.00 *** *** *** *** *** 

 

. . 

15 

CLASS+ Classroom 

Organisation 2010 0.06 0.00 0.15 0.01 0.06 0.05 0.01 0.07 0.06 0.09 -0.06 0.04 0.08 0.84 1.00 *** *** *** *** 

   

16 

CLASS+ Instructional 

Support 2010 0.07 0.00 0.18 0.02 0.08 0.04 -0.05 0.00 0.07 0.10 -0.01 0.04 0.06 0.64 0.60 1.00 *** *** ** 

 

. 

 

17 

ECERS-R& Activities 

2010 0.11 0.12 -0.18 -0.06 0.09 0.03 -0.04 0.01 0.09 0.04 -0.03 0.04 0.12 0.31 0.21 0.23 1.00 *** *** * 

  

18 

Hours per week in ECEC
^
 

programs 2010 0.10 0.14 -0.57 -0.08 0.01 -0.05 -0.04 0.01 0.09 0.08 -0.05 0.09 0.10 -0.10 -0.18 -0.20 0.09 1.00 *** ** 

 

*** 

19 

Child to Adult Ratio in 

ECEC
^
 program 2010 0.02 -0.01 0.32 0.04 0.08 0.09 0.00 -0.03 0.02 0.00 -0.02 -0.01 -0.01 0.09 0.11 0.06 -0.12 -0.29 1.00 * 

 

*** 

20 

Hours per week in 

Informal Care 2010 0.04 0.04 -0.12 0.03 0.02 0.01 -0.03 0.00 0.03 0.04 0.01 0.01 0.05 0.01 -0.02 0.01 0.05 0.06 -0.05 1.00 

 

. 

21 

Availability
$
 of local ECEC 

programs 0.09 0.06 -0.02 -0.03 0.11 0.02 -0.02 0.02 0.17 0.17 0.00 -0.07 0.00 0.04 0.03 0.04 0.03 0.03 0.03 -0.02 1.00 *** 

22 

Quality
~
 of local ECEC 

programs 0.00 -0.01 -0.12 0.02 0.03 -0.07 0.00 0.04 0.02 0.02 -0.06 -0.02 0.04 0.04 0.02 -0.02 -0.02 0.08 -0.08 0.04 0.43 1.00 

 

N.B. the lower triangle is the correlation coefficient and the upper triangle is the p value, 

where p is < 0.1 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
+
 Classroom Assessment Scoring System 
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&
 Early Childhood Environment Rating Scale - Revised 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
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Table 44. Correlation matrix for cross sectional year 2012 

Variable 

Index Variable name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 

WJIII* Verbal Ability 

2010 1.00 *** *** *** *** *** 

 

*** *** *** 

 

*** *** ** ** * ** 

  

* *** 

 

2 

WJIII* Applied 

Problems 2010 0.57 1.00 *** * *** *** ** *** *** *** ** ** * 

 

* . * ** 

 

* ** 

 

3 

Child age (months at 

Jan 2010) -0.17 -0.10 1.00 *** *** *** 

 

*** 

 

* * ** *** *** *** 

 

*** *** *** 

  

*** 

4 

SDQ
#
 total behavioural 

difficulties -0.07 -0.04 0.10 1.00 *** *** *** *** *** *** *** 

  

. ** 

 

** * *** . 

  

5 

WJIII* Brief Intellectual 

Ability  0.57 0.50 -0.09 -0.07 1.00 *** * *** *** *** ** ** *** * * 

 

. 

   

*** 

 

6 STSC
±
 Persistence 0.15 0.18 0.11 -0.15 0.13 1.00 ** *** *** *** *** *** *** * . 

 

** *** 

 

. 

 

** 

7 STSC
±
 Approachability -0.02 -0.06 -0.01 -0.13 -0.04 0.05 1.00 . ** *** 

 

* . ** ** * 

      

8 STSC
±
 Inflexibility -0.08 -0.14 -0.08 0.28 -0.08 -0.19 -0.03 1.00 

 

*** *** ** ** 

   

. *** *** 

  

* 

9 

Family Socio Economic 

Status 0.29 0.28 -0.02 -0.10 0.31 0.08 -0.06 -0.02 1.00 *** *** 

 

** * *** . * ** * * *** 

 

10 

Household income 

relative to need 0.25 0.20 -0.04 -0.10 0.31 0.07 -0.07 -0.09 0.46 1.00 *** 

 

. 

    

. * . *** 

 

11 

Main caregiver 

depression and anxiety 0.00 -0.06 0.05 0.34 -0.05 -0.07 -0.02 0.19 -0.07 -0.12 1.00 

     

** 

 

*** *** 

 

** 

12 HLE
@

 Indirect Learning 0.10 0.06 -0.06 0.02 0.06 0.13 0.05 -0.06 -0.03 -0.03 -0.02 1.00 *** 

 

*** 

   

. ** *** 

 

13 HLE
@

 Direct Teaching 0.15 0.05 -0.10 -0.02 0.13 0.19 0.04 -0.06 0.07 0.04 -0.03 0.70 1.00 

 

* 

      

* 

14 

CLASS+ Emotional 

Support 2010 0.05 0.02 -0.12 -0.04 0.05 0.04 -0.06 0.01 0.05 0.03 -0.02 -0.03 -0.02 1.00 *** *** *** 

 

*** * 

  

15 

CLASS+ Classroom 

Organisation 2010 0.06 0.04 -0.09 -0.06 0.05 0.04 -0.06 0.00 0.07 0.03 -0.03 -0.07 -0.05 0.79 1.00 *** *** *** ** ** 

 

*** 

16 

CLASS+ Instructional 

Support 2010 0.05 0.04 0.02 0.00 0.03 0.02 0.04 -0.01 0.03 0.01 0.00 0.01 0.01 0.57 0.50 1.00 *** *** ** *** 

 

* 

17 

ECERS-R& Activities 

2010 0.06 0.05 -0.27 -0.05 0.03 0.06 0.00 0.03 0.04 0.01 -0.06 0.01 0.03 0.28 0.21 0.23 1.00 *** *** . 

  

18 

Hours per week in 

ECEC
^
 programs 2010 0.03 -0.06 -0.36 -0.05 -0.03 -0.08 -0.02 0.12 -0.06 -0.04 0.00 -0.02 -0.02 -0.02 -0.08 -0.20 0.28 1.00 *** *** 

 

*** 

19 

Child to Adult Ratio in 

ECEC
^
 program 2010 -0.01 0.02 0.29 0.11 0.01 -0.02 -0.02 -0.09 -0.05 0.05 0.11 -0.04 -0.01 -0.10 -0.06 -0.05 -0.29 -0.23 1.00 * ** 

 

20 

Hours per week in 

Informal Care 2010 -0.04 -0.05 -0.01 0.04 -0.02 -0.03 0.01 0.01 0.04 -0.03 0.08 -0.06 -0.01 -0.05 -0.06 -0.07 -0.04 0.11 0.04 1.00 

 

* 

21 

Availability
$
 of local 

ECEC programs 0.10 0.06 -0.02 -0.03 0.11 0.02 -0.02 0.02 0.17 0.17 0.00 -0.07 0.00 0.00 0.00 0.03 -0.01 -0.02 0.05 0.01 1.00 *** 

22 

Quality
~
 of local ECEC 

programs -0.03 -0.03 -0.12 0.02 0.03 -0.07 0.00 0.04 0.02 0.02 -0.06 -0.02 0.04 -0.03 -0.08 0.04 0.02 0.08 0.01 -0.04 0.43 1.00 

 

N.B. the lower triangle is the correlation coefficient and the upper triangle is the p value, 

where p is < 0.1 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
+
 Classroom Assessment Scoring System 
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&
 Early Childhood Environment Rating Scale - Revised 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
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Table 45. LGM models fit for Verbal Ability – all parameter estimates. 

   

Model 1 - no covariates 

Model 2 - time invariant 

covariates Model 3 - all covariates 

Group   Parameter Estimate sig. Estimate sig. Estimate sig. 

Time invariant 

Covariates VA
1
 Intercept ON WJIII* Brief Intellectual Ability  

  

0.606 *** 0.602 *** 

 

VA
1
 

Child gender  

(0 = male) 

  

0.869 

 

0.670 

 

 

VA
1
 Intercept ON SDQ# Total Difficulties 

  

-0.149 . -0.081 

 

 

VA
1
 Intercept ON STSC± Persistence 

  

0.188 . 0.294 ** 

 

VA
1
 Intercept ON Family Socio Economic Status 

  

1.836 * 1.472 * 

 

VA
1
 Intercept ON Household income relative to need 

  

0.215 

 

0.318 

 

 

VA
1
 Intercept ON Main caregiver  Kessler 10 

  

0.159 . 0.111 

 

 

VA
1
 

Intercept ON Main caregiver migration 

background  

(0 = born in Australia) 

  

-0.769 

 

-0.676 

 

 

VA
1
 Intercept ON HLE@ Indirect Learning Frequency 

  

0.195 

 

0.235 

 

 

VA
1
 Intercept ON HLE@ Direct Learning Frequency 

  

1.125 

 

0.555 

 

 

VA
1
 

Intercept ON Availability$ of local ECEC 

programs 

  

-0.254 

 

-0.219 

 

 

VA
1
 

Intercept ON Community Socio Economic Status 

2nd quintile (0 = 1st quintile) 

  

2.901 ** 3.459 ** 

 

VA
1
 

Intercept ON Community Socio Economic Status 

3rd quintile 

  

3.184 ** 3.604 ** 

 

VA
1
 

Intercept ON Community Socio Economic Status 

4th quintile 

  

2.409 * 2.810 ** 

 

VA
1
 

Intercept ON Community Socio Economic Status 

5th quintile 

  

3.851 ** 4.177 *** 

 

VA
1
 Slope ON WJIII* Brief Intellectual Ability  

  

-0.205 *** -0.204 *** 

 

VA
1
 Slope ON Gender 

  

-0.388 

 

-0.614 

 

 

VA
1
 Slope ON SDQ# Total Difficulties 

  

-0.176 

 

-0.131 

 

 

VA
1
 Slope ON STSC± Persistence 

  

0.091 

 

0.175 
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VA
1
 Slope ON Family Socio Economic Status 

  

0.640 

 

0.825 

 

 

VA
1
 Slope ON Household income relative to need 

  

-0.235 

 

-0.126 

 

 

VA
1
 Slope ON Main caregiver  Kessler 10 

  

0.179 . 0.150 

 

 

VA
1
 

Slope ON Main caregiver migration background  

(0 = born in Australia) 

  

1.544 . 1.615 . 

 

VA
1
 Slope ON HLE@ Indirect Learning 

  

-0.093 

 

0.061 

 

 

VA
1
 Slope ON HLE@ Direct Teaching 

  

1.352 

 

0.207 

 

 

VA
1
 Slope ON Availability$ of local ECEC programs 

  

-0.387 

 

-0.377 

 

 

VA
1
 

Slope ON Community Socio Economic Status 

2nd quintile (0 = 1st quintile) 

  

1.344 

 

1.316 

 

 

VA
1
 

Slope ON Community Socio Economic Status 3rd 

quintile 

  

1.738 . 1.899 . 

 

VA
1
 

Slope ON Community Socio Economic Status 4th 

quintile 

  

2.967 * 3.314 ** 

 

VA
1
 

Slope ON Community Socio Economic Status 5th 

quintile 

  

3.051 * 3.387 ** 

Time varying covariates VA
1 
2010 CLASS+ Instructional Support 2010 

    

0.403 * 

 

VA
1 
2010 ECERS-R& Activities 2010 

    

0.070 

 

 

VA
1 
2010 Hours per week in ECEC^ programs 2010 

    

0.021 

 

 

VA
1 
2010 Child to Adult Ratio in ECEC^ program 2010 

    

0.225 * 

 

VA
1 
2010 Hours per week in Informal Care 2010 

    

-0.038 

 

 

VA
1 
2011 CLASS+ Instructional Support 2010 

    

0.049 

 

 

VA
1 
2011 ECERS-R& Activities 2010 

    

0.267 

 

 

VA
1 
2011 Hours per week in ECEC^ programs 2010 

    

-0.057 * 

 

VA
1 
2011 Child to Adult Ratio in ECEC^ program 2010 

    

-0.015 

 

 

VA
1 
2011 Hours per week in Informal Care 2010 

    

0.071 

 

 

VA
1 
2011 CLASS+ Instructional Support 2011 

    

-0.084 

 

 

VA
1 
2011 ECERS-R& Activities 2011 

    

0.126 

 

 

VA
1 
2011 Hours per week in ECEC^ programs 2011 

    

0.098 * 

 

VA
1 
2011 Child to Adult Ratio in ECEC^ program 2011 

    

-0.037 

 

 

VA
1 
2011 Hours per week in Informal Care 2011 

    

-0.002 
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VA
1 
2012 CLASS+ Instructional Support 2010 

    

0.127 

 

 

VA
1 
2012 ECERS-R& Activities 2010 

    

-0.659 

 

 

VA
1 
2012 Hours per week in ECEC^ programs 2010 

    

-0.031 

 

 

VA
1 
2012 Child to Adult Ratio in ECEC^ program 2010 

    

-0.025 

 

 

VA
1 
2012 Hours per week in Informal Care 2010 

    

0.024 

 

 

VA
1 
2012 CLASS+ Instructional Support 2011 

    

-0.273 

 

 

VA
1 
2012 ECERS-R& Activities 2011 

    

0.285 

 

 

VA
1 
2012 Hours per week in ECEC^ programs 2011 

    

0.032 

 

 

VA
1 
2012 Child to Adult Ratio in ECEC^ program 2011 

    

0.020 

 

 

VA
1 
2012 Hours per week in Informal Care 2011 

    

-0.015 

 

 

VA
1 
2012 CLASS+ Instructional Support 2012 

    

0.549 * 

 

VA
1 
2012 ECERS-R& Activities 2012 

    

-0.354 

 

 

VA
1 
2012 Hours per week in ECEC^ programs 2012 

    

0.232 *** 

 

VA
1 
2012 Child to Adult Ratio in ECEC^ program 2012 

    

0.001 

 

 

VA
1 
2012 Hours per week in Informal Care 2012 

    

-0.075 

 

         
Model fit   BIC

~
 (mean) 96124.11   91111.72   90838.234   

 
1
 Woodcock-Johnson III Verbal Ability Cluster 

2
 Woodcock-Johnson III Applied Problems Test of Achievement  

+
 Classroom Assessment Scoring System 

&
 Early Childhood Environment Rating Scale - Revised 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And Achievement 
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~ Sample-size adjusted Bayesian information criterion 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
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Table 46. LGM models fit for Applied Problems – all parameter estimates.  

   

Model 1 - no covariates 

Model 2 - time invariant 

covariates Model 3 - all covariates 

Group   Parameter Estimate sig. Estimate sig. Estimate sig. 

Time invariant 

Covariates AP
2
 Intercept ON WJIII* Brief Intellectual Ability  

  

0.702 *** 0.711 *** 

 

AP
2
 

Child gender  

(0 = male) 

  

2.013 * 1.767 * 

 

AP
2
 Intercept ON SDQ# Total Difficulties 

  

-0.077 

 

-0.047 

 

 

AP
2
 Intercept ON STSC± Persistence 

  

0.459 * 0.429 ** 

 

AP
2
 Intercept ON Family Socio Economic Status 

  

3.376 *** 3.416 * 

 

AP
2
 Intercept ON Household income relative to need 

  

-0.295 

 

-0.396 

 

 

AP
2
 Intercept ON Main caregiver  Kessler 10 

  

-0.043 

 

-0.014 

 

 

AP
2
 

Intercept ON Main caregiver migration background  

(0 = born in Australia) 

  

1.566 . 0.916 

 

 

AP
2
 Intercept ON HLE@ Indirect Learning Frequency 

  

0.693 * 0.694 . 

 

AP
2
 Intercept ON HLE@ Direct Learning Frequency 

  

-4.803 * -4.061 . 

 

AP
2
 Intercept ON Availability

$
 of local ECEC programs 

  

-1.460 . -0.767 

 

 

AP
2
 

Intercept ON Community Socio Economic Status 2
nd

 

quintile (0 = 1
st
 quintile) 

  

2.602 * 2.397 

 

 

AP
2
 

Intercept ON Community Socio Economic Status 3
rd

 

quintile 

  

1.539 

 

1.730 . 

 

AP
2
 

Intercept ON Community Socio Economic Status 4
th
 

quintile 

  

2.885 * 3.979 ** 

 

AP
2
 

Intercept ON Community Socio Economic Status 5
th
 

quintile 

  

3.723 * 4.206 ** 

 

AP
2
 Slope ON WJIII* Brief Intellectual Ability  

  

-0.418 *** -0.402 *** 

 

AP
2
 Slope ON Gender 

  

3.366 ** 3.468 *** 

 

AP
2
 Slope ON SDQ# Total Difficulties 

  

0.221 

 

0.094 

 

 

AP
2
 Slope ON STSC± Persistence 

  

-0.037 

 

-0.089 

 

 

AP
2
 Slope ON Family Socio Economic Status 

  

1.060 

 

1.671 
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AP
2
 Slope ON Household income relative to need 

  

-0.451 

 

-0.466 

 

 

AP
2
 Slope ON Main caregiver  Kessler 10 

  

-0.217 . -0.236 

 

 

AP
2
 

Slope ON Main caregiver migration background  

(0 = born in Australia) 

  

4.010 ** 2.839 * 

 

AP
2
 Slope ON HLE@ Indirect Learning 

  

0.331 

 

0.344 

 

 

AP
2
 Slope ON HLE@ Direct Teaching 

  

-4.190 

 

-2.827 

 

 

AP
2
 Slope ON Availability

$
 of local ECEC programs 

  

-1.240 

 

-0.628 

 

 

AP
2
 

Slope ON Community Socio Economic Status 2
nd

 

quintile (0 = 1
st
 quintile) 

  

2.045 

 

1.290 

 

 

AP
2
 Slope ON Community Socio Economic Status 3

rd
 quintile 

  

-1.146 

 

-1.367 

 

 

AP
2
 Slope ON Community Socio Economic Status 4

th
 quintile 

  

0.561 

 

1.419 

 

 

AP
2
 Slope ON Community Socio Economic Status 5

th
 quintile 

  

-1.865 

 

-1.544 

 
Time varying covariates AP

2
 2010 CLASS+ Instructional Support 2010 

    

0.543 * 

 

AP
2
 2010 ECERS-R& Activities 2010 

    

-0.572 

 

 

AP
2
 2010 Hours per week in ECEC

^
 programs 2010 

    

0.012 

 

 

AP
2
 2010 Child to Adult Ratio in ECEC

^
 program 2010 

    

-0.138 

 

 

AP
2
 2010 Hours per week in Informal Care 2010 

    

-0.025 

 

 

AP
2
 2011 CLASS+ Instructional Support 2010 

    

0.057 

 

 

AP
2
 2011 ECERS-R& Activities 2010 

    

-1.376 . 

 

AP
2
 2011 Hours per week in ECEC

^
 programs 2010 

    

-0.048 . 

 

AP
2
 2011 Child to Adult Ratio in ECEC

^
 program 2010 

    

-0.071 

 

 

AP
2
 2011 Hours per week in Informal Care 2010 

    

0.040 

 

 

AP
2
 2011 CLASS+ Instructional Support 2011 

    

-0.477 . 

 

AP
2
 2011 ECERS-R& Activities 2011 

    

0.811 

 

 

AP
2
 2011 Hours per week in ECEC

^
 programs 2011 

    

0.057 

 

 

AP
2
 2011 Child to Adult Ratio in ECEC

^
 program 2011 

    

-0.216 . 

 

AP
2
 2011 Hours per week in Informal Care 2011 

    

0.016 

 

 

AP
2
 2012 CLASS+ Instructional Support 2010 

    

-0.222 

 

 

AP
2
 2012 ECERS-R& Activities 2010 

    

-0.431 
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AP
2
 2012 Hours per week in ECEC

^
 programs 2010 

    

-0.009 

 

 

AP
2
 2012 Child to Adult Ratio in ECEC

^
 program 2010 

    

-0.096 

 

 

AP
2
 2012 Hours per week in Informal Care 2010 

    

0.061 

 

 

AP
2
 2012 CLASS+ Instructional Support 2011 

    

-0.383 

 

 

AP
2
 2012 ECERS-R& Activities 2011 

    

-0.352 

 

 

AP
2
 2012 Hours per week in ECEC

^
 programs 2011 

    

-0.113 ** 

 

AP
2
 2012 Child to Adult Ratio in ECEC

^
 program 2011 

    

-0.274 * 

 

AP
2
 2012 Hours per week in Informal Care 2011 

    

-0.027 

 

 

AP
2
 2012 CLASS+ Instructional Support 2012 

    

0.287 

 

 

AP
2
 2012 ECERS-R& Activities 2012 

    

-0.261 

 

 

AP
2
 2012 Hours per week in ECEC

^
 programs 2012 

    

0.098 

 

 

AP
2
 2012 Child to Adult Ratio in ECEC

^
 program 2012 

    

0.123 

 

 

AP
2
 2012 Hours per week in Informal Care 2012 

    

-0.049 

 

         
Model fit   BIC

~
 (mean) 96124.11   91111.72   90838.234   

1
 Woodcock-Johnson III Verbal Ability Cluster 

2
 Woodcock-Johnson III Applied Problems Test of Achievement  

+
 Classroom Assessment Scoring System 

&
 Early Childhood Environment Rating Scale - Revised 

^
 Early Childhood Education and Care Classrooms 

±
 Short Temperament Scale for Children 

#
 Strengths and Difficulties Questionnaire 

@
 Home Learning Environment 

*
 Woodcock-Johnson III Tests of Cognitive Abilities And 

Achievement 

~ Sample-size adjusted Bayesian information criterion 

p < 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’ 0.1 ‘. ' 
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