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Foreword 

The Northern Territory’s future social wellbeing and economic sustainability is critically 

dependent on children getting the best possible start in life. While it has long been known that 

far too many of our children are not realising their developmental potential and not 

progressing as they should at school, the extent to which their early life circumstances 

influence their pathways of development is less well understood.   

The NT Data Linkage Study was established to provide a unique new source of information. By 

combining information usually held separately within different service organisations, it is 

helping to establish a more integrated and holistic understanding of the combined effect of the 

many factors which shape the health, development and learning of NT children. It is also 

enabling new policy insights through the use of methods of analysis not previously possible.   

The research findings reported in the various chapters of this publication highlight the 

importance of the links between health and education. They help to clarify some of the ways in 

which children’s health and development—especially in the first few years of life—create the 

foundation for successful school learning and positive educational outcomes.   

The findings demonstrate that current disparities in the development and learning outcomes 

of Aboriginal and non-Aboriginal children are almost entirely attributable to the adverse 

effects of disadvantage. The main factors predicting these outcomes are children’s early life 

health, and their sociodemographic, family and community circumstances—regardless of their 

Aboriginal or non-Aboriginal status. Policy investments and service reforms seeking to ‘close 

the gap’, must be accompanied by meaningful progress in addressing Aboriginal children’s 

disproportionate exposure to disadvantage—especially in key areas such as housing.  

The study findings have several practical implications. The new evidence in particular 

demonstrates the extent of the benefits of preschool attendance. This is especially true for 

Aboriginal children. Initiatives enabling their access to, and participation in preschool, are likely 

to result in substantially improved rates of school attendance and longer-term academic 

outcomes.  

Olga Havnen   Marion Scrymgour 
 

CEO Danila Dilba Health Service, and 
Chair, Advisory Board, Centre for Child 
Development and Education 

Former NT Education Minister, and 
Patron, Centre for Child Development and 
Education 
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EXECUTIVE SUMMARY  

Chapter 1 The NT Data Linkage Study 
 

This chapter provides a general introduction to the study. It briefly reviews the growing national and 

international literature on children’s early life health and other childhood factors associated with their 

development and school education outcomes. It also describes the benefits of new approaches to the 

ethical linkage and analysis of de-identified data from separate official datasets.  

 The study was made possible by the NT Government’s involvement since 2009 as a foundation 

member of the SA NT DataLink consortium. Based in the South Australian Health and Medical 

Research Institute (SAHMRI) and administered by the University of South Australia, SA NT 

DataLink is a nationally accredited agency authorised to provide data linkage services for ethics 

approved research using NT and South Australian data.  

 The NT Data Linkage Study aims to build the research infrastructure for better use to be made of 

the NT’s administrative data holdings, and to create a comprehensive evidence-base for 

informing policy and evaluating service and program outcomes.  

 As almost a third of the NT population is Aboriginal, special care has been taken to ensure the 

study and its findings are inclusive of Aboriginal perspectives.  

 

Chapter 2 Methodology 
 

This chapter describes the study population, the methods of data linkage and de-identified analysis, 

and the various NT administrative datasets from which the study data were extracted for analysis. It 

also outlines how the overall study methodology was developed to be properly inclusive of Indigenous 

statistical standpoints. 

 The study population comprised all children born in the NT between 1994 and 2013 who had an 

administrative record in one or more of the datasets from which data were provided for record 

linkage by SA NT DataLink. 

 These datasets include NT Perinatal Trends (1994–2013); NT Immunisation (1994–2014); NT 

Hospital Inpatient Activity (1994–2014), NT Department of Education – Student Activity (2005–

2014); National Assessment Program for Literacy and Numeracy (NAPLAN) (2008–2014), 

Australian Early Development Census (AEDC) (2009/10 and 2012). 

 A total of 632,036 individual records were identified as being potentially eligible for inclusion in 

the study cohort. Clerical review was also undertaken of individuals with duplicate records, 

those with dates of birth outside the study range, and records with logical data inconsistencies.  

 The final number of individuals in each of the linked datasets meeting study inclusion criteria 

was: AEDC (n = 7,073), Perinatal trends (n = 74,459), Student activity (n = 64,966), NAPLAN (n = 

33,707), Immunisation (n = 88,182), Inpatient activity (n = 245,107). 

 In assembling and preparing the datasets for analysis, the Menzies research team gave 

particular attention to investigating how best to define Aboriginal status for each of the various 

analyses required in the study. Because of variation in how this could be recorded at different 

times or in different ways between datasets, this is a potential source of bias and under-

reporting.  

 Given the cultural, terminological and methodological issues associated with defining Aboriginal 

status, it was determined that for the purposes of the study we should: 

1. Use a single dichotomous variable to define Aboriginal status in reference to data concerning 

Aboriginal and Torres Strait Islanders, as there is a relatively small number of NT residents 

who are Torres Strait Islanders and most of these also identify as Aboriginal.   
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2. Investigate the consistency and completeness of Aboriginal status recording in each of the 

datasets and rank them in order of concordance with the NT Department of Health datasets 

which had the most complete and consistent recording.  

3. Develop an ‘algorithm’ (i.e. rule) to define a derived Aboriginal status variable which provides 

the best coverage for use as a consistent Aboriginal status variable for the various 

longitudinal analyses.  

 The large study population and comprehensive scope of data available enabled these 

investigations being informed by an eco-epidemiological, life-span, human development 

conceptual framework. 

 The analysis and reporting of findings has aimed to maximise the inclusion of Indigenous 

statistical standpoints to avoid cultural bias and poor policy outcomes resulting from simplistic 

use of Indigenous administrative data.  

 

Chapter 3 Early life health and development 
 

This chapter describes key indicators of the early life health and development of NT born children and 

how these indicators have changed over the period 1994–2013. This provides an epidemiological 

picture about the study population and a baseline against which progress can be benchmarked. It 

also identifies some important emerging service needs. The pattern of these trends highlights the 

extent to which disparities in the health of Aboriginal and non-Aboriginal children become evident 

very early in life. They also contextualise the investigations reported in later chapters. 

Live births and fertility rates 

 The changing nature of NT live birth and fertility rates has important implications for forward 

projections of population growth and the planning of services and policy.  

 While there was a small increase in the overall rates of all live births between 2004 and 2013, 

Aboriginal births had a significant decreasing trend with an average of 1.7% fewer births each 

year. This decreasing trend was most notable among Aboriginal mothers aged 20–34 years, who 

account for around two thirds of Aboriginal births. 

 Teenage birth rates for both Aboriginal and non-Aboriginal mothers showed significant 

decreasing trends. While this is encouraging, it is important that future research establishes 

whether this is associated with increasing contraception use and/or other factors such as the 

current high rates of sexually transmitted infections and repeated infections in this age group. 

 While the total fertility rate (TFR) for non-Aboriginal women showed an increasing trend of 1.2% 

per year, it is of concern that the TFR for Aboriginal women has followed a decreasing trend, 

such that by 2013 it was the lowest on record, and close to the population replacement rate of 

the average 2.1. 

Alcohol and smoking in pregnancy 

 The proportion of Aboriginal and non-Aboriginal women reporting alcohol consumption during 

pregnancy has shown an encouraging decline over the study period. However, alcohol 

consumption rates remain relatively high among Aboriginal women posing increased risk for 

Fetal Alcohol Spectrum Disorders (FASD).  

 The proportion of Aboriginal and non-Aboriginal women reporting that they smoked during 

pregnancy has also decreased over recent decades. This declined most notably among women in 

outer regional areas (e.g. Darwin) from 26% to 14.7% between 1996 and 2013.  

 Of particular concern is that pregnant women in remote and very remote areas (predominantly 

Aboriginal) had a significant upward trend on already high smoking rates, such that by 2013 

around 50% of Aboriginal mothers reported they smoked before and after 20 weeks gestation.  

 



xiv 
 

Antenatal care 

 Significant increasing trends for the proportion of women accessing antenatal health care in 

their first trimester of pregnancy were evident for both Aboriginal and non-Aboriginal women 

across outer regional, remote and very remote areas. 

 Despite these increasing trends, it remains of concern that up to 40% of Aboriginal mothers did 

not present for antenatal care in the first trimester, and that up to 30% of these women 

attended less than the recommended seven antenatal visits during pregnancy. 

Preterm birth, low birthweight, and perinatal mortality 

 The difference between Aboriginal and non-Aboriginal preterm birth rates increased over the 

study period due to the rate of Aboriginal preterm births increasing from 14.1% to 15.2% 

between 1996 and 2013, and the non-Aboriginal rate decreasing from 7.1% to 6.7%.   

 The overall trends in low birthweight (LBW) among Aboriginal and non-Aboriginal babies 

showed no significant change over the study period. However, for births to mothers in very 

remote areas, the rates of LBW showed a significant increasing trend with rates averaging 5.8% 

higher than Aboriginal babies in outer regional areas.  

 Perinatal mortality rates were significantly higher for Aboriginal babies with an annual average 

of 12.5 more deaths per 100,000 births than their non-Aboriginal counterparts. Similar 

proportions of this difference were due to stillbirth and neonatal deaths (6.2 and 6.3 deaths per 

100,000 births respectively). These rates stand in contrast to much lower national perinatal 

mortality rates. 

Hospitalisations 

 Over the study period, the all-episode hospitalisation rates of children aged 0–4 years were 2.4 

to 3.0 times higher for Aboriginal children than for non-Aboriginal children.  

 The Aboriginal rate fell from 568 per 1,000 in 2001 to an all-time low of 432 per 1,000 in 2006, 

but then increased steadily to 518 per 1,000 by 2013. 

 The unique person hospitalisation rates for Aboriginal children aged 0–4 years decreased from 

354 to 143 per 1,000 between 2001 and 2013 while the non-Aboriginal rates decreased from 

151 to 95 per 1,000. The higher Aboriginal rates were primarily due to their higher average 

number of repeat admissions. 

 Rates of hospital admission of all children aged 0–4 years for more serious illnesses requiring 

intensive care decreased significantly. This decrease was mostly due to rates for Aboriginal 

children falling from 6 per 1,000 in 2001 to 2.5 per 1,000 in 2013.  

 Rates of hospitalisation for injuries among all children aged 0–4 years increased significantly 

between 2001 and 2013. Over this period the Aboriginal rates increased from 19.1 to 36.5 per 

1,000 while the non-Aboriginal rates increased from 14.2 to 17.5 per 1,000. 

 Rates of hospital admission for acute lower respiratory infections (ALRI) among Aboriginal 

children aged 0–4 years decreased from 136 per 1,000 in 2001 to 100 per 1,000 by 2013, while 

the rates for non-Aboriginal children remained relatively constant around 18.5 per 1,000 over 

the same period. 

Early childhood development 

 The Australian Early Development Census (AEDC) assessment of NT Aboriginal children 

commencing school in 2012 showed encouraging improvements on the equivalent 2009 AEDC 

developmental assessments. These improvements were most notable for Aboriginal children in 

very remote areas and were also the largest recorded for all states and territories. 

 While non-Aboriginal children showed insignificant change between their 2009 and 2012 AEDC 

assessments, substantial improvements were recorded in the proportions of Aboriginal children 

assessed as ‘developmentally on track’ on the following AEDC domains: Social competence 

(43.6% to 50.3%); Emotional maturity (43.1% to 51.5%), and; Communication skills and general 

knowledge (37.8% to 50.1%). 
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 Despite these improvements, Aboriginal children’s much higher levels of ‘developmental 

vulnerability’ across all five AEDC developmental domains means that without special learning 

and language support they are at high risk of not making a successful transition into school 

learning—particularly so for those who do not have English as their home language.  

 In comparison with their NT non-Aboriginal counterparts, the proportions of Aboriginal children 

assessed as ‘developmentally vulnerable’ in the 2012 AEDC assessments were: Physical health 

and wellbeing (26.3% vs 8.3%); Social competence (24.5% vs 9.0%); Emotional maturity (23.1% 

vs 7.8%); Language and cognitive skills (43.2% vs 7.7%), and; Communication skills and general 

knowledge (26.5% vs 7.2%). 

 

Chapter 4 Early life factors associated with childhood development 
 

Findings are reported from univariate and multivariate regression modelling of the associations 

between early life factors and children’s subsequent developmental outcomes, and how these differ 

for Aboriginal and non-Aboriginal children, and between different geographical areas of the NT. The 

analysis was first made with the whole study cohort and then separately when stratified by Aboriginal 

status. Separate additional analyses were also made to identify factors predictive of children having 

positive developmental outcomes and how these differed from those predictive of adverse outcomes. 

Finally, an analysis was made of the aggregate, community-level AEDC outcomes to identify 

communities having better than expected AEDC developmental outcomes.  

 The regression modelling with the whole study cohort included Aboriginal status as a covariate. 

After taking into account the other covariates in the model, this showed that Aboriginal status 

had no significant effect as a predictor of AEDC developmental vulnerability. In other words, the 

main influences predicting children’s developmental outcomes were their experiences of early 

life health and sociodemographic factors—regardless of their Aboriginal or non-Aboriginal 

status. 

 In the non-Aboriginal regression modelling, the factors showing significant independent 

associations with children being ‘developmentally on track’ were: female gender (OR = 2.16), 

age 5.5–6.0 years vs age 5.0 and younger (OR = 1.52), being in the least disadvantaged SES 

quintile (OR = 1.81), mother did not smoke during pregnancy (OR = 1.4), mother had seven or 

more antenatal health visits (OR = 1.77), not born premature (OR = 1.73), attended preschool 

(OR = 1.88), parent/caregiver completed school (OR = 1.79), and having English as a first 

language (OR = 2.0). 

 In the Aboriginal regression modelling, the factors with significant independent associations 

with children’s ‘developmentally on track’ status were: female gender (OR = 2.67), age 5.5–6.0 

years vs age 5.0 and younger (OR = 1.66), being in the middle or lowest quintile of SES 

disadvantage (OR = 1.56 and OR = 1.92 respectively), not born premature (OR = 2.30), 

parent/caregiver being employed (OR = 2.23), having English as a first language (OR = 2.64), and 

the child’s home having less than 1.7 persons per bedroom (OR = 2.61). 

 In the non-Aboriginal regression modelling, the factors with significant independent associations 

with developmental vulnerability were: male gender (OR = 3.16), children younger and older 

than ages 5.5 to 6.0 years (OR = 1.56 and OR = 2.0 respectively), being in the two most 

disadvantaged SES quintiles (OR = 1.82 and OR = 1.99 respectively), born to a teenage mother 

(OR = 2.08), mother had gestational diabetes (OR = 1.82), mother smoked during pregnancy (OR 

= 1.74), mother had fewer than seven antenatal care visits (OR = 2.13), child was mother’s 

fourth or later born child (OR = 2.08), did not attend preschool (OR = 1.78), parent/caregiver did 

not complete school (OR = 1.98), parent/caregiver being unemployed (OR = 3.21), having ESL 

(OR = 2.19).   
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 In the Aboriginal regression modelling, the factors with significant independent associations 

with developmental vulnerability were: male gender (OR = 1.61), children younger and older 

than ages 5.5 to 6.0 years (OR = 1.49 and OR = 1.95 respectively), being in the two most 

disadvantaged SES quintiles (OR = 2.46 and OR = 2.07 respectively), living in remote and very 

remote areas (OR = 1.48 and OR = 1.80 respectively), being born preterm (OR = 1.88), having 

had two or more hospitalisation by age 5 years (OR = 1.40), parent/caregiver being unemployed 

(OR = 2.04), and not having English as a first language (OR = 2.46).  

 Some 26 NT Statistical Local Areas (SLAs) with extreme levels of relative socioeconomic 

disadvantage (i.e. IRSED1 < 650) are located in very remote areas. The average proportion of 

children in these communities assessed as developmentally vulnerable on one or more AEDC 

domains was almost double (75% vs 40%) that of the eight NT outer regional SLAs with IRSED 

values between 850 and the national average of 1000.  

 Importantly, children in 12 of the 26 very disadvantaged SLAs had average AEDC outcomes 

which were 5% to 40% better than would be predicted from their communities’ levels of 

socioeconomic disadvantage.  

 

Chapter 5 School attendance 
 

This chapter describes the patterns of attendance of Aboriginal and non-Aboriginal students in urban, 

remote and very remote communities, and documents how these have changed over time for each of 

these student subpopulations. It also investigates how attendance is associated with individual child, 

family and school/community factors and how this varies by levels of remoteness. It includes a special 

focus on factors associated with Year 1 school attendance, given that recent Western Australian 

research (Hancock et al. 2013) showed that enduring patterns of attendance are established very 

early in a child’s school career. The overall aim of these analyses is to advance understanding of the 

relative importance of such factors and to identify factors potentially modifiable through targeted 

policy initiatives.  

 Aboriginal student attendance: Multivariate regression conducted separately for Aboriginal 

students found no less than 11 predictor variables having a significant independent association 

with their Year 1 attendance. This highlights the extent to which multiple disadvantage 

influences their school attendance. As there are around 200 days in a typical school year, the 

predicted separate effects of each of these factors on Aboriginal students’ total days of school 

attended in a school year were:  

1. Living in a community with overcrowded housing - 35 fewer days attended  

2. Attending 30 or more days of preschool - 18 more days attended 

3. Having a parent/carer who is employed - 11 more days attended 

4. Having ESL - 11 fewer days attended 

5. Having a parent/carer with Year 10 or more years of education - 10 more days 

attended 

6. Having attended 2 or more schools in a school year - 9 fewer days attended 

7. Living in a very remote location - 6 fewer days attended 

8. Being hospitalised for an infectious disease by age 5.5 years - almost 4 fewer days 

attended 

9. Having LBW - almost 4 fewer days attended. 

 

 Non-Aboriginal school attendance: The multivariate regression conducted separately for non-

Aboriginal students showed 7 factors with a significant independent association with their Year 

                                                           
1
 Socio Economic Indices for Areas (SEIFA): Index of Relative Socio Economic Disadvantage 
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1 attendance. The predicted separate effect of each these factors on non-Aboriginal students’ 

total days of school attended in a school year were:  

1. Living in a community with overcrowded housing - 10 more days attended2 

2. Mobility between schools - almost 6 fewer days attended 

3. Twin status - almost 5 more days attended 

4. Teenage motherhood - almost 4 fewer days attended 

5. Employed carer status - almost 4 more days attended 

6. Maternal smoking during pregnancy - 3 fewer days attended 

7. Mothers who attended less than the standard 7 antenatal health care visits - 2 fewer 

days attended. 

 Relative influence of individual and community factors: A variance decomposition analysis 

investigated the relative influence of a range of factors on the Year 1 school attendance of 

Aboriginal children. This compared the percentage of variance attributable to child and family 

factors with the overall ‘fixed effect’ of their school/community characteristics.  

1. In very remote areas, school/community characteristics accounted for 67% of the 

explained variation, preschool attendance accounted for around 24%, while family and 

other individual child factors together explained around 10%.  

2. In remote areas, school/community characteristics accounted for around 20% of the 

explained variation in Year 1 attendance, family and parent’s characteristics accounted 

for around 26%, preschool exposure accounted for 23%, while child characteristics 

including ESL and mobility between schools accounted for 31%.  

3. In outer regional areas, school/community characteristics accounted for just 12% of 

the variation in school attendance, in comparison with attending preschool 31%, 

parent and family characteristics 21%, student mobility 16%, and other child-specific 

characteristics including ESL 20%. 

 Weekly school attendance rates: Across all school years, for both Aboriginal and non-Aboriginal 

students, attendance rates were substantially lower in the first and last weeks of each quarterly 

school term.  

 School attendance by region: In contrast to non-Aboriginal students, Aboriginal students’ 

attendance varied markedly by geographic region e.g. being around 80% or higher in outer 

regional areas, and just 65% or less in very remote areas. 

 Attendance by school year: The attendance of Aboriginal students dropped off markedly in the 

later years of compulsory schooling. This declined from around 60% in the first quarter of Years 

7–9, to less than 50% in the first quarter of Year 10, and then further to around 40% in the final 

two quarters of each school year.  

 Child health and attendance: Year 1 school attendance was significantly associated with 

infectious disease hospitalisation (prior to age 5.5 years). For example, around 60% of students 

with Year 1 attendance less than 60%, had had an infectious disease hospitalisation, while those 

in other school attendance bands had lower hospitalisation rates (55% in 60–79% band; 49% in 

80–89% band; 40% in 90–100% band). 

 Developmental readiness for school learning: Aboriginal students assessed as ‘developmentally 

vulnerable’ had significantly lower Year 1 attendance than those considered ‘developmentally 

on track’ across all five AEDC domains. This was most evident for the ‘Language and cognitive 

skills’ domain (median attendance rate of 65.3% vs 82.7%) and ‘Communication skills and 

general knowledge’ domain (66.3% vs 80.1%). 

 

                                                           
2
 The paradoxical nature of this finding may be due to the small number of non-Aboriginal students in very 

remote communities whose parents are service workers such as teachers and nurses.  
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Chapter 6 Preschool participation, school attendance and academic 

achievement 
 

This chapter reports findings from a series of analyses investigating how children’s level of 

participation in preschool is linked with their subsequent school attendance and academic 

achievement. An examination was made of the distributions of attendance in preschool and early 

primary school (i.e. Transition to Year 3), and how they differed for Aboriginal and non-Aboriginal 

children, and by their ARIA+ remoteness category. Next, multivariate regression modelling, with 

adjustment for confounding and effect modification, was used to investigate how any level of 

attendance at preschool was associated with early years school attendance, and by remoteness. For 

very remote areas only, a comparison was made of how the association between any level of 

preschool attendance and early years school attendance differed for children attending each of the 

three main modes of preschool delivery. Finally, fixed effects regression modelling was used to 

estimate what improvements in early years school attendance could theoretically be expected from 

different percentage point improvements in preschool attendance.  

 Aboriginal children who attended any form of preschool subsequently attended 7.3% more days 

in early years school education than children with no preschool attendance. After adjusting for 

all possible confounders, this effect is reduced to 4.5% or 12 additional days per school year.  

 In very remote areas, where Aboriginal early years attendance is around 60%, the 4.6% increase 

associated with preschool attendance is equivalent to 15 additional days of school per year; and 

in outer regional areas where the average Aboriginal early years attendance is 82%, this would 

be associated with 11 more days of school attended per year.   

 Attendance of Aboriginal children at any of the three types of preschool provided in very remote 

areas had a significant positive association with early years school attendance. On average, the 

children who attended a general preschool attended 22 more school days per year; those who 

attended an early years class attended 13 more school days per year; and those who attended a 

mobile preschool attended 11 more days of school per year. 

 Modelling of the percentage improvements in early years school attendance that could 

theoretically be expected from different levels of preschool attendance (i.e. ranging from 0% to 

100%) found that in comparison with the other modes of preschool delivery, the general 

preschool model offered the greatest potential impact in increasing children’s expected days of 

school attendance. 

 In practical terms, this modelling indicates that a minimum preschool attendance level of 45% is 

needed for this to be associated with Aboriginal children achieving the population average 

school attendance of 62%. The corresponding minimum preschool attendance in the other 

forms of preschool needed for a 62% average school attendance, is 55% for early years classes, 

and 65% for mobile preschools. 

 

Chapter 7 Modelling the key drivers of school education outcomes 
 

Structural equation modelling (SEM) was used to ‘unpack’ the relative influence and interplay of main 

factors identified in earlier chapters as making important contributions to children’s Year 3 literacy 

and numeracy outcomes. The SEM analysis was designed to test two hypotheses: 1) That preschool 

attendance is positively associated with attendance in the early years of primary school, which after 

adjusting for differences in AEDC outcomes, has a positive influence on NAPLAN outcomes, and; 2) 

That preschool attendance positively influences early childhood development (AEDC), which in turn is 

associated with early school achievement (NAPLAN).  
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 The strongest direct association was observed for the path from children’s preschool attendance 

to their subsequent school attendance (i.e. Transition to Year 3). This was significant for both 

Aboriginal and non-Aboriginal students across all remoteness strata, and showed a greater 

effect for Aboriginal children. The relative strength of these paths in their contribution to 

Aboriginal students’ school attendance in outer regional, remote and very remote areas was 

equivalent to effect sizes of 0.607, 0.517 and 0.606 respectively.  

 The analysis showed the extent to which preschool attendance also benefits children’s 

developmental readiness for school learning (i.e. AEDC outcomes). This association was much 

stronger for Aboriginal students accounting for effect size contributions to AEDC outcomes of 

0.255, 0.267 and 0.090 in outer regional, remote and very remote areas respectively. In 

contrast, the effect size strength of this path for non-Aboriginal children was 0.195 and 0.190 in 

outer regional and remote areas, but not significant for these children in very remote areas.  

 The strength of the indirect (composite) path effects from preschool attendance via AEDC to 

NAPLAN was less than expected for all six strata. Its effect size contribution to NAPLAN 

outcomes was just 0.095 for Aboriginal children in outer regional areas, 0.129 in remote areas, 

and 0.017 in very remote areas. The comparable effect sizes for non-Aboriginal children in these 

geographic areas were 0.092, 0.082, and 0.060 respectively. 

 The effective strength of the indirect (composite) path from preschool attendance via early 

years school attendance (i.e. Transition to Year 3) to NAPLAN was mostly stronger for Aboriginal 

children. The effect size contributions made by this composite path to the NAPLAN outcomes of 

Aboriginal children were 0.230, 0.129, and 0.311 for outer regional, remote and very remote 

areas respectively. The comparable indirect effect sizes for non-Aboriginal children were 0.070, 

0.142, and 0.110 respectively. 

 Together, these findings have clear implications for policy in showing the extent to which 

increasing children’s preschool attendance provides a window of opportunity for long-term 

gains in their school attendance and NAPLAN achievement.  

 

Chapter 8 Summary and conclusions  
 

This final chapter discusses implications of the overall study findings. Each of the earlier chapters 

were designed to progressively build a more comprehensive and nuanced understanding of the 

cumulative effects of the multiple, interacting factors which shape children’s early health, 

development and school learning. The conclusions arising from the study have a number of clear 

messages for policy makers, government and community service providers. Substantial immediate 

and longer-term benefits could be realised from policy and service investment which increase 

children’s access to, and participation in, quality preschool early learning. However, future efforts to 

improve the school attendance and learning outcomes of NT children will depend on the progress 

made by government and community action in addressing the modifiable early life ‘up-stream’ 

determinants of these outcomes, especially Aboriginal children’s disproportionate exposure to high 

levels of disadvantage. 

Key findings 

 

 The study findings first and foremost demonstrate the extent to which sociocultural and 

economic circumstances influence all children’s early health, development and learning, and 

why it is essential that current efforts to improve school attendance and achievement also focus 

on addressing the known early determinants of these outcomes.  

 Findings highlight the extent to which children’s development and school learning are 

underpinned by their health status—particularly in early life and throughout childhood.  
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 Addressing community-level factors, such as housing overcrowding, is likely to result in 

substantial improvements in school attendance, especially in very remote communities. 

 Improving levels of attendance at preschool offers one of the best immediately available 

strategies for improving the NT’s concerning rates of Aboriginal school attendance and 

achievement.  

 It is also evident that the initial benefits of preschool can easily ‘fade out’ unless they are 

reinforced by regular attendance and effective engagement with school learning in the early 

years of primary school.   

 The study findings are consistent with other research in identifying critical transition points in 

children’s school careers which are opportunities for leveraging better outcomes:  a) From 

preschool to Year 1—especially for Aboriginal students through targeted additional learning and 

language support; and b) From Year 6 to Year 7—through middle school programs maintaining 

student engagement and retention in high school.  

 The overall findings strongly support the direction and potential benefits of the NT 

Government’s recent investment of $35.6 million over four years to implement a whole-of-

government plan in collaboration with community organisations to improve early childhood 

services and the lives of Territorian children (Northern Territory Government 2018). They 

particularly validate the emphasis on developing a more integrated, place-based approach to 

the planning and delivery of universal and targeted services to young children and their families.  

 Finally, the study findings provide a baseline against which the NT Early Childhood Plan’s 

immediate and longer-term performance outcomes could be monitored using similar data 

linkage methods. 

 

Implications for future research 

The study findings suggest the potential value of future research in the following areas:  

1. Investigating reasons for the recent decreasing trend in Aboriginal and non-Aboriginal teenage 

pregnancy e.g. whether this is associated with increased uptake of contraception in this age 

group and/or other health and social factors.  

2. Investigating the implications of the declining Aboriginal total fertility rate which by 2013 was 

approaching the population replacement rate of 2.1 live births to women in their reproductive 

years.  

3. Conducting qualitative studies to inform the development and evaluation of preventive public 

health strategies to reduce the continuing high proportion of Aboriginal women in remote and 

very remote areas who report smoking during pregnancy.  

4. Investigating whether there are homogenous subgroups of students who share similar patterns 

of attendance over the course of their school career using newly available analytical methods, 

e.g. trajectory analysis (Nagin et al. 2010) and latent class analysis (Thompson et al. 2017; 

Hancock et al. 2018). This would assist in the early identification and targeted support for 

students at increased risk of adverse school outcomes. 

5. Undertaking mixed-methods research to investigate family, community and school factors which 

explain why some communities have better early childhood development (AEDC) outcomes than 

would be predicted on the basis of their socioeconomic status. 

6. Qualitative research into the child, school and curriculum factors which optimise children’s 

engagement with school learning in the early years of primary school. This should also include a 

focus on the specific learning and school adjustment needs of boys. 
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1. The NT Data Linkage Study 
Sven Silburn, John Lynch, Steven Guthridge, Richard Midford, Julie Brimblecombe, 

Margaret Walter, Stefanie Schurer, Gawaian Bodkin-Andrews and Peter Shaw 

 

Chapter overview 

This chapter describes the origins of the NT Data Linkage Study to investigate the early child 
development educational and wellbeing outcomes of all children born in the Northern Territory over 
the 20-year period since 1994. It briefly reviews the rapidly growing national and international 
literature on the use of new methods of data linkage and de-identification of unit-record data to 
enable whole-population studies in areas of policy and scientific research. The use of data linkage 
research for life course analysis is particularly helpful in documenting how children’s early-life health 
and social circumstances can impact their longer-term health, learning, and behavioural outcomes. 
The unique diversity of the Northern Territory’s geographic, cultural, linguistic and socioeconomic 
circumstances presents significant challenges for population-based research and the types of 
evidence needed to inform effective policy and services. The Northern Territory’s demographic 
profile differs markedly from other jurisdictions, particularly in that around 30% of the population 
identify as Aboriginal and/or Torres Strait Islanders. Special care has been taken to ensure that the 
study design, implementation and reporting of findings are properly inclusive and respectful of 
Aboriginal perspectives and that the study addresses issues of particular relevance for the NT 
Aboriginal community. The chapter concludes with a description of the overall study objectives, its 
project governance arrangements, and its community and scientific advisory processes. 

1.1 Background 

This data linkage study of Northern Territory 

children’s development in health, education 

and wellbeing has its origins in 2007 when the 

Northern Territory (NT) and South Australian 

(SA) governments collaborated in developing 

a shared technical capacity for making better 

use of their administrative data holdings. Both 

the NT and SA governments are foundation 

members of the SA NT DataLink consortium 

which has supported the ongoing operation of 

the SA NT DataLink data integration authority 

since its establishment in 2009. This has led to 

new data-methodologies becoming available 

for ethically and confidentially combining data 

usually held and analysed in separate 

departmental datasets. It has also enabled 

new types of research and evaluation based 

on the integration of de-identified unit-record 

data sourced from different administrative 

datasets.  

 

The technical feasibility of these new data 

linkage methods to support epidemiological 

research based on NT administrative data was 

first trialled in the NT Early Child Development 

Data Linkage Demonstration Study (Silburn et 

al. 2010). Once the demonstration study 

established the effectiveness and value of 

these data linkage methods for policy relevant 

research, the NT Government departments of 

Health, Education, and Children and Families 

jointly invested in establishing the Child 

Development and Education Research 

Partnership (CDERP) with the Menzies School 

of Health Research (20142016). The 

partnership’s shared aim was to build the NT’s 

collective technical capacity to support data 

linkage initiatives and to develop a program of 

research addressing key NT policy concerns. 

Additional funding was then secured the 

following year through a National Health and 

Medical Research Council (NHMRC) 

Partnership Grant (20152017). This enabled 

the research partnership to be expanded to 

also include the Aboriginal Medical Services 



2 

Association of the Northern Territory 

(AMSANT) and the inclusion of some of 

Australia’s leading Aboriginal and Torres Strait 

Islander researchers as investigators on the 

study. It also expanded the scope of the 

research program by extending the range of 

NT administrative datasets contributing data 

for linkage and the years of data capture. 

1.2 Data linkage research 

Use of administrative data for research 

Administrative data are increasingly being 

used in health, educational and social 

economic research both in Australia and 

internationally (Gavrielov-Yusim et al. 2003; 

Jutte et al. 2011). Population-level data 

originally collected for administrative 

purposes (e.g. the provision of health 

services), has been used in a range of studies 

evaluating policy outcomes, assessing the 

effectiveness of interventions, determining 

the cost-effectiveness of programs, 

investigating socioeconomic inequalities 

between population groups, comparing 

geographical variations and identifying secular 

trends (Waltz et al. 2005; Goldacre et al. 2005; 

Productivity Commission, 2013; Garratt et al. 

2010). 

Given that administrative data are collected 

on a routine basis, they represent an 

inexpensive resource for research. They are 

particularly useful in that they usually cover 

the whole population thus avoiding the 

shortcomings of samples and sample 

selection. Their long-term data recording 

often spans many years allowing for long 

study observation times and longitudinal or 

time-series analyses (Mazzali et al. 2015). 

Because these data have already been 

collected and are generally readily available, 

shorter research timeframes are also possible 

(Curtis et al. 2013).  

At the same time, administrative data not 

collected for specified research purposes can 

also have limitations (Grosse et al. 2010; Rice 

et al. 2015). These may include a lack of 

demographic information, selection bias, 

under-reporting, incomplete data recording 

and data inconsistencies. It is therefore 

important that research using administrative 

data should identify such limitations and 

adopt appropriate statistical techniques in 

addressing these (Ali 2013). 

In contrast to conventional experimental 

studies with a limited number of selected 

patients, whole of population observational 

studies using administrative data are generally 

more representative and better suited to 

inform policy (Productivity Commission 2013). 

Australia has not fully tapped this potential - 

but is well placed to do so with high-quality 

administrative data, advanced computing 

infrastructure and legislation that enables the 

safe use of administrative data for secondary 

purposes. The Australian Government’s 2015 

Review of Public Sector Data Management 

noted that “information held by the 

Government is to be managed for public 

purposes, and is a national resource” 

(Commonwealth of Australia, 2015).  

Linkage of administrative data for research 

The idea and techniques for linking 

administrative data for public health research 

dates back to the middle of the 20th century 

(Dunn 1946; Newcombe et al. 1959). 

However, it is only with more recent advances 

in computing technology, data storage, and 

statistical methods that pioneering efforts in 

the de-identified linkage of administrative 

data for research purposes have been made 

possible (Kelmen 2000; Lovett 2008; Holman 

et al. 2008). Over the past decade, the 

Australian Government and all Australian 

states and territories have invested in 

establishing data linkage research capacity to 

make more effective use of their 
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administrative data. Australia’s first national 

data linkage network, the Population Health 

Research Network (PHRN), was established in 

2009 with the aim of “building a nationwide 

data linkage infrastructure capable of securely 

and safely linking and integrating data 

collections…” (Boyd et al. 2012). 

Data linkage research and child outcomes 

Longitudinal data linkage studies are of 

particular value in improving scientific, 

community and policy understanding of what 

matters most in strengthening children’s 

development, education and longer-term 

opportunities in life (Santos et al. 2012; 

Goldfeld et al. 2014; Falster et al. 2015; Carr 

et al. 2016). 

There are now several Australian data linkage 

studies that have investigated factors relating 

to child and youth outcomes, including school 

attendance and academic achievement 

(Hancock et al. 2013), antecedents of child 

protection involvement (O’Donnell et al. 

2010), antecedents of juvenile justice 

involvement (Ferante et al. 2013), birth 

outcomes and childhood academic 

achievement (Moore et al. 2014), perinatal 

and sociodemographic antecedents of early 

childhood development and school education 

outcomes (Guthridge et al. 2015 & 2016), 

developmental pathways to positive early 

child health and development (Falster et al. 

2015; Carr et al. 2016), neighbourhood effects 

on early child development (Goldfeld et al. 

2014), antecedents of teenage pregnancy 

(Gaudie et al. 2010), antecedents of teenage 

self-harm hospital admissions (Mitrou et al. 

2010), and the intergenerational effects of 

forced removal on Western Australian 

Aboriginal children (Silburn et al. 2006). 

De-identified data linkage research has 

particular advantages in complex research 

settings such as the NT where the cost of 

collecting population-based data is much 

higher than elsewhere in Australia. This is in 

part due to the high proportion of the 

population who are Aboriginal and/or Torres 

Strait Islanders with many living in very small 

communities scattered across vast areas.  

Data linkage offers an effective solution to the 

‘siloed’ nature of the administrative data 

sources. Combining administrative data 

usually retained separately by health, 

education and other agencies enables a more 

holistic investigation of the complex interplay 

between individual, environmental and social 

forces shaping people’s lives.  

For government policy to be better informed 

by evidence, a more systematic understanding 

is needed of how various factors impact at the 

population level and especially for 

subpopulations with special needs. This 

requires studies able to identify which factors 

matter most in strengthening children’s 

trajectories of development, and how they 

cumulatively and interactively influence 

outcomes over the life course. Despite its 

many research advantages, the complexity, 

duplication and lack of cohesion in the 

multiple approval processes required for data 

linkage research are costly and often involve 

lengthy delays, especially for national studies 

(Garvey et al. 2014). This has led to calls for 

the streamlining of data linkage applications 

and ethics approval processes across 

jurisdictions (Mitchell 2015).  

In summary, this NT Data Linkage Study offers 

an innovative new means for generating the 

comprehensive evidence-base needed to 

inform priority setting and the development 

of policy and services appropriate to the 

needs of NT children, their families and 

communities. It offers an inexpensive means 

of prospectively following the life outcomes of 

the general child and youth population and/or 

identified subpopulation cohorts. This will be 

of special value in evaluating the impact of 

policy and specific programs.  
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1.3 The NT research context 

The NT’s unique population characteristics 

and the diversity of its socioeconomic, cultural 

and geographic circumstance present 

significant challenges for the planning, 

resourcing and implementation of policy and 

services for children and their families. Its 

demographic profile differs substantially from 

other Australian states and territories in 

having a much larger percentage of the 

population who are Aboriginal and/or Torres 

Strait Islanders. In the 2011 Census, 27% of 

the NT population was counted as Aboriginal 

and/or Torres Strait Islander compared to 4% 

or less in all other jurisdictions (ABS 2012). Of 

the NT-born children in this data linkage 

study, 39% had school enrolment records in 

which they were identified as Aboriginal 

and/or Torres Strait Islanders.    

Of particular relevance to children’s 

outcomes, the NT has high levels of inequality 

between Aboriginal and non-Aboriginal 

children on a range of socioeconomic 

indicators. The impacts of disadvantage are 

evident early in children’s lives. This is evident 

in health status indicators such as rates of 

prematurity and low birthweight, measures of 

child growth and nutrition, otitis media 

(middle ear infections) and hearing loss, 

chronic respiratory and other infections, and 

rates of hospitalisation. Importantly however, 

while such adverse health issues early in a 

child’s life can significantly affect their longer-

term health and development, it is also true 

that most of these conditions are preventable.  

The investigations described in this 

publication have therefore focused on the 

early-life health and sociodemographic factors 

associated with three outcomes which are 

each important indicators of population 

health: a) NT children’s developmental status 

assessed at the time they commence primary 

school education; b) their patterns of school 

attendance; c) and unpacking how these 

factors contribute to children’s subsequent 

success in school learning as measured by the 

National Assessment Program  Literacy and 

Numeracy (NAPLAN). 

1.4 Aboriginal perspectives 

and involvement 

Given that almost a third of the NT population 

is Aboriginal, special care has been taken to 

ensure that the study methods are carried out 

in a culturally inclusive and respectful manner 

and that they address issues of particular 

relevance and importance to this population.  

The project team has been guided by the core 

values and ethics described in the NHMRC 

Guidelines for Ethical Conduct in Aboriginal 

and Torres Strait Islander Health Research 

(NHMRC 2003). Firstly, the conception and 

development of the research plan for the 

study’s funding through a NHMRC Partnership 

Grant was developed in consultation with 

Aboriginal and Torres Strait Islander 

researchers and the Menzies School of Health 

Research Child Health Indigenous Advisory 

Group.  

The organisational partners in the NHMRC 

funded study include the Aboriginal Medical 

Service Alliance of the Northern Territory 

(AMSANT) along with the NT departments of 

Health, Education, and Children and Families 

and the Menzies School of Health Research. 

Each of these partner organisations is 

represented on the project Steering 

Committee. This body is responsible for the 

scientific conduct of the study and provides 

strategic advice and support for the use of 

their organisation’s data in the ethics 

approved research program. The Steering 

Committee also reviews the study outputs 

and has final sign-off for the public release of 

findings. 
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The study is also supported by a community 

advisory group which has representation from 

a broad range of Indigenous stakeholders with 

interests in children’s outcomes. These 

include organisations such as the Northern 

Territory Aboriginal Justice Association 

(NAAJA), academic bodies such as the 

Australian Centre for Indigenous Knowledge 

and Education (ACIKE), as well as Aboriginal 

health researchers and educators.   

The Community Advisory Group plays a key 

role in assisting the project team in promoting 

community understanding of the public good 

benefits of data linkage and how the ethical 

requirements for de-identified analysis 

guarantee the confidentiality and security of 

data and protect the privacy of individuals. 

This group also assists the Steering Committee 

in reviewing the project’s research outputs 

and ensuring that the reporting of findings is 

done in culturally accessible ways which are 

appropriate to the information needs of 

Indigenous communities and the general NT 

population. 

 

 

 

 

 

 

 

 

 

 

The study methodology has also been 

informed by the National Best Practice 

Guidelines for Data Linkage Activities Relating 

to Aboriginal and Torres Strait Islander people 

(AIHW 2012). This requires all relevant 

aspects of the data linkage activity, including 

data linkage quality assessment, analysis of 

the linked data, and methods for deriving 

Indigenous status, to be fully documented and 

publicly reported.  

In following these best practice guidelines, 

careful attention has been taken in firstly 

establishing the completeness and 

comparability of Indigenous status 

information within each of the data being 

linked. An important recommendation of the 

guidelines is the need for documentation of 

the methods used for deriving a consistent 

Indigenous status variable for use in analysis.  

The approach taken by the study team in 

doing this is described in detail in Chapter 2.  

 

Terminology used in referring to Aboriginal or Torres Strait Islander people 

‘Aboriginal and Torres Strait Islander’ is the preferred terminology for referring to the 

Indigenous peoples of Australia. This acknowledges their distinct cultural identities whether 

they live in urban, regional or remote areas of the nation. According to the official 

Commonwealth definition "An Aboriginal or Torres Strait Islander is a person of Aboriginal 

or Torres Strait Islander descent, who identifies as being of Aboriginal or Torres Strait 

Islander origin and who is accepted as such by the community with which the person 

associates" (IATSIS 2012). This definition has informed the standard Indigenous status 

question used in the Census, ABS surveys, and other official administrative records. It asks 

whether a person identifies as either ‘Aboriginal’, ‘Torres Strait Islander’ or ‘Both Aboriginal 

and Torres Strait Islander’. In the Northern Territory, ‘Aboriginal’ is the preferred official 

term for inclusively referring to both Aboriginal and Torres Strait Islander peoples. This 

respectfully acknowledges the relatively small percentage of the NT population who identify 

as Torres Strait Islanders and the greater proportion of these people who also identify as 

Aboriginal. 
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Figure 1.1 Project governance arrangements 

1.5 Study design and 

implementation 

The planned program of data linkage research 

was developed in collaboration with the 

project’s partner organisations. Their 

involvement in this collaborative enterprise 

reflects their interest in building data 

infrastructure and analytic capacity in the NT 

to enable their administrative data being 

integrated to provide more holistic, and 

contextually relevant evidence for the 

coordinated development of policy and 

community-based services.  

While the study has its main focus on 

elucidating the factors which are associated 

with children having positive developmental 

outcomes, the linkage of data from usually 

separate data sources provides unique 

opportunities for scientific investigation of the 

longer-term consequences of commonly 

occurring maternal and child health issues of 

policy concern in the NT e.g. low birthweight 

and adverse pregnancy outcomes, alcohol and 

tobacco use in pregnancy, gestational 

diabetes, suboptimal child nutrition and 

failure to thrive, iron deficiency anaemia, 

otitis media and hearing disorders (Silburn et 

al. 2011). 

Given the marked differences between urban 

and remote NT communities, and the 

variations in living circumstance between 

remote communities, the child-specific linked 

data have also been combined with 

community-level data relevant during two 

developmental epochs of children’s lives: 

conception to age five; and the years of 

compulsory school attendance (ages 6–16).  

The comprehensive nature of the linked 

longitudinal datasets supports research 

approaches not previously possible in the NT.  

These are focusing on ‘unpacking’ the nature 

and extent of individual child and 

sociodemographic factors most salient in 

shaping children’s developmental health and 
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wellbeing and their success in school learning. 

In addition to clarifying these relationships, 

the study is documenting both the prevalence 

and the independent effects of these factors 

on four child outcomes of high policy concern 

in the NT: 

1. Early childhood development and 

readiness for school learning  

2. School attendance, and literacy and 

numeracy 

3. Involvement with the NT child 

protection system 

4. Involvement with the NT juvenile 

justice system.  

 

The study findings concerning the first two of 

these outcomes are described in this 

monograph, while those for the second two 

will be reported in later publications to be 

published later in 2018. These publications 

include investigation of the relative strength 

and joint contribution of some of the 

following early life factors:  

a) Child clinical factors (e.g. interuterine 

alcohol and nicotine exposure, gestational 

age, birth weight, birth complications, 

perinatal health status, infant growth and 

nutritional status);   

b) Parental and family factors (e.g. maternal 

age and education, family composition and 

mobility);   

c) Community level factors (e.g. 

socioeconomic advantage/disadvantage, 

geographic remoteness, environmental health 

and housing, community social functioning, 

educational level of adults, and cultural 

factors such as traditional language use and 

the percentage of adults who speak English). 

Importantly, the study’s linkage of whole 

population data means that it includes 

comparable information for children with 

positive developmental outcomes as well as 

for those with more adverse outcomes. Also, 

the study’s large study population and lengthy 

periods of data capture support most of the 

analyses being able to be stratified by 

children’s Aboriginal status. This provides an 

opportunity for systematically investigating 

how children’s differing socioeconomic 

circumstances and other risk and protective 

factors jointly influence their life course 

pathways in health, education and 

psychosocial wellbeing.  
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2. Methodology 

Sven Silburn, Steven Guthridge, John McKenzie, Margaret Walter, Gawaian Bodkin-

Andrews, Vincent He and Jiunn-Yih Su 

Chapter overview 

This chapter describes the study population and the NT administrative datasets from which data 
were accessed for record linkage and de-identified analysis. The steps involved in the data linkage 
process are then described along with technical aspects of the data linkage work carried out for the 
project by the SA NT DataLink data linkage authority. This includes an analysis of the completeness, 
consistency and quality of the data linkage and the quality assurance checks carried out to maximise 
linkage precision. Next, the processes involved in preparing the linked data for analysis are 
described. These include the project’s data management, data security, and reporting arrangements 
and measures to ensure the privacy and confidentiality of individuals and communities in the study. 
The chapter then outlines the ethics and other approval processes governing researchers’ access to 
the linked data for the NHMRC partnership project’s program of research. The derivations of key 
demographic and other key variables are defined to ensure their consistency of use in the multiple 
analyses required for this and planned future publications. Special attention is given to documenting 
the implications of how Aboriginal status is best defined for analysis of data linked from separate 
data sources as these can differ in their quality and completeness of recording. The chapter 
concludes with discussion of post-colonial Indigenous standpoints on the limitations and potential 
risks of statistical analysis of ‘official’ administrative data concerning Indigenous people and an 
outline of how this has informed the study’s statistical approach.  

2.1 The study population 

The study population included all children born 

in the NT between 1 January 1994 and 

31 December 2013. This also included a subset 

of around 600 children who may have become 

parents in their own right during the time 

window of data capture. The data from the 

relevant datasets for this subset of young people 

and their children are therefore available for 

investigation of intergenerational effects. 

 

2.2 Datasets included 

The administrative datasets from which data 

were supplied for the initial data linkage in 2015 

included NT Perinatal Trends, the NT Hospital 

Inpatient Activity, Australian Early Development 

Census (Commonwealth of Australia 2015), NT 

Child Protection, NT Student Activity, and 

National Assessment Program - Literacy and 

Numeracy (ACARA 2015). Details of these 

datasets are summarised below in Table 2.1.

 Table 2.1 Details of datasets included 

Data Custodian Dataset Date Range Capture Date 

NT Chief Health Officer Perinatal Trends 01/01/1994  31/12/2013 Date of birth 

NT Dept. of Health Immunisation 01/01/1994  30/06/2014 Immunisation date 

NT Health System Performance Inpatient Activity 01/07/2000  30/06/2014 Admission date 

NT Dept. of Children & Families Child Protection 01/07/1998  30/06/2014  Notification date 

Australian Govt. Dept. of 
Education 

AEDC 2009 and 2012 Assessment date 

NT Dept. of Education Student Activity 01/05/2005  31/12/2014 Census date 

NT Dept. of Education NAPLAN 01/01/2008  31/12/2014 Test date 
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The NT Perinatal Trends dataset includes 

records for all births in the NT. It includes 

demographic variables, and information on 

maternal health, the pregnancy, labour, birth 

and perinatal outcomes.   

The Immunisation dataset contains children’s 

records of all the scheduled immunisations 

which NT children are recommended to have 

received according to their age. The relative 

completeness of NT immunisation coverage 

(94%) means that the information in this dataset 

can identify children whose immunisation 

records cease due to their out migration from 

the NT (National Health Performance Authority 

2016). This has enabled the creation of a derived 

censoring variable needed for the study’s 

longitudinal analyses to take account of this 

potential source of bias. 

The NT Hospital In-patient Activity dataset 

includes records of all public hospital 

separations (discharges, transfers and deaths) in 

the NT. It includes patient demographics, 

diagnoses, and procedures coded according to 

the Australian Modification of the International 

Statistical Classification of Diseases and Related 

Problems (ICD-10-AM).  

The NT Child Protection dataset includes 

records of all child protection contacts with the 

NT Department of Children and Families 

(renamed Territory Families in 2016). This 

includes notifications, investigations, 

substantiations and out-of-home care, including 

the number and type of placements.   

The Australian Early Development Census 

(AEDC) is a population measure of children’s 

development which is assessed early during 

children’s first year of full-time schooling 

(usually at around age five years). This measure 

has been adapted and validated for use with 

Indigenous and non-Indigenous Australian 

children (Silburn et al. 2009). It includes teacher 

ratings of five areas of functioning relevant to 

children’s developmental readiness for school 

learning: physical health and wellbeing, social 

competence, emotional maturity, language and 

cognitive skills (school-based), and 

communication skills and general knowledge. 

The recommended practice for AEDC 

assessments of Aboriginal children in NT schools 

is that teachers should do this jointly with an 

Aboriginal staff member as a cultural consultant.  

The Student Activity dataset includes records of 

all children enrolled in NT Department of 

Education schools. This includes demographic 

information on students and their primary carer, 

details of student enrolments, re-enrolments, 

and records of each possible day and half-day of 

school attendance since first enrolment. 

NAPLAN dataset. The National Assessment 

Program  Literacy and Numeracy (NAPLAN) is a 

series of standardised tests focused on basic 

skills that is administered annually to Australian 

students in Year 3, 5, 7 and 9. These assess 

students' reading, writing, language (spelling, 

grammar and punctuation) and numeracy. The 

tests are designed to be carried out on the same 

days all across Australia in any given year and 

parents are able to decide whether their 

children take the test or not. The NAPLAN 

program is overseen by the Council of Australian 

Governments’ Education Council and was 

designed to determine if Australian students are 

achieving outcomes. The current study included 

NAPLAN records for 33,218 individuals. 

2.3 The data linkage process 

The first step in the data linkage process was the 

establishment of formal agreements with the 

data custodians of each of the relevant 

administrative datasets with regard to their 

supply of data for linkage. Next, applications for 

ethics approval were prepared and submitted to 

the Human Research Ethics Committees which 

supervise health related research in the ‘Top 

End’ and Central Australian areas of the NT. 

https://en.wikipedia.org/wiki/Student
https://en.wikipedia.org/wiki/Council_of_Australian_Governments
https://en.wikipedia.org/wiki/Council_of_Australian_Governments
https://en.wikipedia.org/wiki/Outcome-based_education
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Having secured the data custodian agreements 

and ethics approvals, it was then possible to 

submit a data linkage application to SA NT 

DataLink to carry out the linkage work to enable 

a de-identified linked dataset being assembled 

for analysis. SA NT DataLink is a nationally 

accredited data integration authority 

administered by the University of South 

Australia and operationally based within the 

South Australian Medical Research Institute 

(SAMRI) in Adelaide (SA NT DataLink 2016).  

SA NT DataLink utilised sophisticated 

probabilistic linkage methods, as well as clerical 

checking, to match records from separate 

administrative datasets to the same child in our 

study (Christen 2012). This enabled each 

identified individual child within the scope of the 

study to be assigned an anonymous Linkage Key 

(a 10 digit random number). SA NT DataLink 

then returned to each of the data custodians the 

lists of children in the study with their 

associated Linkage Keys attached.  

The next stage of the linkage process involved 

data custodians using their specific list of study 

children to extract the data items required for 

the study from their administrative dataset. The 

names and other identifying details for these 

children were then deleted to create a de-

identified data file containing only the relevant 

content data for each study child and their 

Linkage Keys. The de-identified data files from 

each of the data custodians were then supplied 

to the research team at Menzies. 

The final stage of the linkage process involved 

the Menzies research team merging each of the 

de-identified data files using the Linkage Keys 

for all children in the study supplied 

independently from SA NT DataLink. This 

created the de-identified analysis datasets used 

in carrying out the project’s program of 

research. 

The overall data linkage process is designed 

around a ‘separation principle’. This principle 

ensures that at every step of linkage no single 

person or agency ever sees name-identified 

service information which they are not entitled 

to see. Each of the agencies providing 

administrative data for linkage have access to 

their service data only. Similarly, the staff at SA 

NT Datalink only ever see the person identifying 

details needed for record matching (i.e. name, 

sex, date of birth etc.) and the assignment of 

anonymous Linkage Keys. This means they never 

have access to any service information on any 

person included in the study. Finally, the project 

researchers only ever see children’s service data 

when it has been completely de-identified.  

2.4 Linkage processing details 

Number of individual records. A total of 

632,036 individual records were identified by SA 

NT DataLink for children potentially eligible for 

inclusion in the 19942013 NT birth cohorts. 

These were from the following datasets: 

Perinatal (n = 74,425), Immunisation 

(n = 89,479), Inpatient Activity (n = 47,465), 

Child Protection (n = 24,162), AEDC (n = 7,120), 

Student Activity (n = 328,818) and NAPLAN 

(n = 60,567).  

There were 509 records found to have a date of 

birth outside the 19942013 birth cohorts. 

Manual checking of these records showed that 

while they may have had incomplete or 

incorrectly recorded dates of birth, they had 

other identifying information indicating they 

met the birth cohort criteria. This confirmed 

they were valid for inclusion in the study. 

Connectivity between datasets. The degree of 

connectedness between the datasets was 

investigated by identifying ‘clusters’ of records 

which contain a record in two or more of the 

study data datasets. 
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Table 2.2 Records of children appearing in one or more dataset 

 AEDC Perinatal 
Trends 

Student 
Activity 

NAPLAN Immunisation Inpatient 
Activity 

Child 
Protection 

‘Clusters’1 6,861 68,589 58,776 33,293 77,253 45,290 22,896 
Unmatched records 212 5,870 6,180 414 11,929 2,192 1,238 

Probable individuals 7,073 74,459 64,956 33,707 89,182 47,482 24,107 

1. Because a ‘cluster’ may contain records from more than one other dataset there is some ‘double counting’ 

 

Table 2.3 Connectivity between datasets 1, 2 

 AEDC Perinatal 
Trends 

Student 
Activity 

NAPLAN Immunisation Inpatient 
Activity 

Child 
 Protection 

AEDC 0 

n/a 

5,002 

6.7% 

5,825 

9.0% 

2,412 

7.2%% 

6,303 

7.1% 

3,891 

8.2% 

2,034 

8.4% 

Perinatal 5,002 

70.7% 

0 

n/a 

33,439 

51.5% 

20,063 

59.5% 

62,106 

69.6% 

36,940 

77.8% 

17,955 

74.5% 

Student Activity 5,825 

82.4% 

33,439 

44.9% 

0 

n/a 

33,285 

98.7% 

39,685 

44.5% 

26,758 

56.4% 

15,923 

66.1$ 

NAPLAN 2,412 

34.1% 

20,063 

26.9% 

33,285 

51.2% 

0 

n/a 

23,163 

26.0% 

10,116 

21.3% 

16,454 

68.3% 

Immunisation 6,303 

89.1% 

62,106 

83.4% 

39,685 

61.1% 

23,163 

68.7% 

0 

n/a 

39,105 

82.4% 

19,167 

79.5$ 

Inpatient Activity 3,891 

55.0% 

36,940 

49.6% 

26,758 

41.2% 

10,116 

30.0% 

39,105 

43.85 

0 

n/a 

15,608 

64.7% 

Child Protection 2,034 

28.8% 

17,955 

24.1% 

15,923 

24.5% 

16,454 

48.8% 

19,167 

21.5% 

15,608 

32.9% 

0 

n/a 

1. 
The cluster count corresponds to the number of groups that have records that only link to other records within that dataset. 

2. 
The connectedness percentage was calculated as (number of shared clusters from both datasets/(minimum total number of probable individuals 

or clusters from both datasets).

This process is termed ‘blocking’. It is 

designed to increase the computational 

efficiency of matching by reducing the need 

for every record having to be matched with 

every other record. Using a key person 

identifier (‘Last Name and First Name Initial’) 

as a blocking variable, the raw data were 

subdivided into mutually exclusive subsets 

with the assumption that matches do not 

occur across different blocks. However, 

because typographical errors or changes of 

name do happen, some person matches may 

still occur across blocks. To address this, other 

blocking variables (e.g. ‘Street Address’ and 

‘Date of Birth’) were used to maximise the 

likelihood that a linkage missed in the first 

pass of the data would be detected in 

subsequent passes.  

Quality assurance checking. A number of 

checks were made of the completeness of the 

linkage variables for the AEDC, Student 

Activity and Perinatal datasets. For example, 

in the NAPLAN dataset, Student ID was 

checked if it had a corresponding Student 

Master ID in the Student Activity dataset. This 

located 538 records without a corresponding 

Student ID in the Student Activity file. These 

records were referred to data custodians for 

advice for their reconciliation. Where such 

linking errors were identified, clerical checking 

was undertaken to make the following types 

of correction: a) assigning the record to an 

existing group; b) assigning the record to a 

new group; c) and/or removing ‘false’ links to 

a group leaving the record with no links to 

other records i.e. leaving it as an unmatched 

record.  
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Table 2.4 Data linkage matchings statistics: Student Activity, NAPLAN and AEDC 

datasets 

Datasets Submitted for 
Probabilistic 

Matching 

Matches 
made 

Matches not 
accepted 

(Match score <13) 

Matches accepted 
(Match score >26) 

Groups 
Clerically 
Reviewed 

Student Activity + NAPLAN 120,401 168,674 19,077 77,559 10,085 

AEDC 7,120 10,697 1,772 5,506 3,238 

 

The final stage of quality assurance checking 

was to make a clerical review of records not 

meeting defined standards of matching 

precision during the probabilistic matching 

process. This is particularly important in 

matching information for NT Aboriginal 

children for whom there may be multiple 

changes of names and addresses. Table 2.4 

above shows the number of groups which 

required clerical checking to produce the final 

NAPLAN and AEDC datasets.   

2.5 Data preparation 

On receipt of the de-identified data files from 

their respective data custodians, the Menzies 

research team undertook additional logic 

checks to identify any residual duplicate or 

invalid records. Next, the consistency of 

variable names and value labels of data items 

common to more than one of the datasets 

was checked. For example, in one dataset the 

variable Sex could have value labels of 

1 = Male, and 2 = Female; but in the other the 

value labels might have been 1 = Male and 

0 = Female. Where such differences were 

observed these were re-labelled to ensure 

their consistency when the datasets were 

merged to create the analysis datasets.  

Then, using the full list of Linkage Keys 

provided to the project’s data administrator 

(only), the separate datasets supplied  

by each data custodian were statistically 

merged. The new availability of additional 

information in the combined datasets then 

made it possible for a further set of logic 

checks to be carried out. This identified any  

 

remaining inconsistencies and informed what 

types of correction might be required to 

resolve these.  

The final stage of data preparation involved 

standardising and documenting key variables 

likely to be commonly used in the multiple 

analyses to be conducted for the preparation 

of this and future publications. These included 

some of the main outcome variables to be 

examined for reporting in this monograph e.g. 

categorical and continuous measures of 

school enrolment, school attendance, and 

NAPLAN academic outcomes. They also 

included key demographic variables to ensure 

consistency of their use in analysis e.g. age 

groups, levels of remoteness and indicators of 

socioeconomic status.  

Particular care was taken to ensure that the 

study variables identifying children’s 

Aboriginal and Torres Strait Islander status 

were defined in a culturally sensitive and 

methodologically rigorous manner. While the 

recording of Aboriginal and Torres Strait 

Islander status in NT administrative data is 

believed to be more complete and accurate 

than in other Australian jurisdiction, there are 

significant complexities and cultural 

sensitivities which need to be acknowledged 

in any population based research which 

includes data on Aboriginal and Torres Strait 

Islander people.  

The methodology for establishing the 

Aboriginal and Torres Strait Islander status 

variables for the purposes of this study was 

informed by the National Best Practice 
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Guidelines for Data Linkage Activities Relating 

to Aboriginal and Torres Strait Islander people 

(AIHW 2012). The study team were also 

guided in the development of the 

methodology by Chief Investigators Maggie 

Walter and Gawaian Bodkin-Andrews. 

The AIHW guidelines require the methods 

used for defining Indigeneity to be fully 

documented and made publicly available. The 

approach taken in establishing the most 

appropriate way to utilise the linked datasets 

to define Aboriginal and Torres Strait Islander 

status is described below in section 2.6. 

2.6 Data confidentiality  

The identity and privacy of the study children, 

families and communities are protected by 

ensuring that all aspects of the study 

methodology conform with a) the Australian 

Code for the Responsible Conduct of Research 

(NHMRC 2007); b) Values and Ethics: 

Guidelines for Ethical Conduct in Aboriginal 

and Torres Strait Islander Health Research 

(NHMRC 2003); c) and the ‘National best 

practice guidelines for data linkage activities 

relating to Aboriginal and Torres Strait 

Islander people’(AIHW and ABS 2012). 

The privacy of all study participants is 

protected by the research only using de-

identified unit-record data. Their 

confidentiality is also maximised by ensuring 

that ethics committee approved safeguards 

are in place regarding the secure storage, 

controlled access and use of the de-identified 

dataset. The implementation of these 

safeguards is also monitored by the project’s 

Steering Committee.  

In terms of the reporting of the study findings, 

only aggregated statistical data is ever 

reported. Cells in statistical tables having a 

person count of less than 10 people have 

these values suppressed thus minimising the 

possibility of identification or re-identification 

of any individual or specific community. 

All named researchers have been required to 

sign a Data Security Declaration to confirm 

their obligation to abide by the study’s 

written code of practice in using the data. All 

hard copy of statistical output analyses is 

required to be physically stored in secure, 

locked storage cabinets in the research offices 

of those researchers with named ethics 

approval for analysing the linked data.  

The Lead Investigator for the study is required 

to take all reasonable steps as outlined in the 

Northern Territory Information Act (NT 

Government 2003) to protect the study 

information from misuse and loss, and from 

unauthorised access, modification or 

disclosure.  

Communities will not be identified in any 

publicly released report or study publication. 

However, where a community specifically 

requests a report regarding its own 

community-level findings, this can only be 

considered if a) the request is made by a local 

community body with authorisation to give 

consent on behalf of the community; b) and if 

the community request is submitted via the 

NHMRC project’s Data Access and New 

Projects Protocol. Copies of this protocol are 

available on request to the project manager of 

the NHMRC data linkage study at the Menzies 

School of Health Research. 

2.7 Defining Aboriginal status 

As discussed earlier in Chapter 1, there are 

significant methodological and cultural issues 

which must be taken into account in any data 

linkage research using linked administrative 

data which includes recording people’s 

Indigenous status. This is particularly 

important in the Northern Territory context 

for several reasons.  
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Apart from the NT having a much larger 

proportion of the total population who are 

Aboriginal, the age structure of the NT 

Aboriginal population is much younger than 

the NT non-Aboriginal population. The NT’s 

cultural and linguistic diversity can be a factor 

leading to variations in the recording of 

names and other personal identifying 

information (e.g. date of birth) occurring more 

frequently in NT administrative data than 

other jurisdictions. This can arise for a range 

of reasons including that some Aboriginal 

groups have cultural requirements that names 

should not be used and/or be replaced for a 

period by a non-specific cultural name.  

The recording of Aboriginal status in NT 

administrative data is believed to be more 

complete than other jurisdictions. Across 

Australia, there has been a steady upward 

trend in the proportion of people identifying 

as Aboriginal and Torres Strait Islander in each 

successive census since 1971. Across 

Australia, there were 649,200 Aboriginal and 

Torres Strait Islander people counted in the 

2016 Census. This was an increase of 18% 

from the 2011 Census (ABS 2018). Over the 

same period, the NT had an 11.8% increase in 

its Aboriginal and Torres Strait Islander 

population (ABS 2017). Reasons for these 

changes are unclear but could reflect wider 

social norms and pressures, changing 

incentive or disincentive to identify, and 

variations in collection methodology (Biddle 

2014; ABS 2018). 

Whatever the reasons for changes in rates of 

Aboriginal identification, it remains the case 

that people have a right to self-identification 

and there are many reasons why people may 

or may not choose to identify given their 

personal circumstances and/or the context in 

which information about their Aboriginality is 

requested. 

The NT Department of Health has invested 

considerable resources over recent years in 

the establishment of a ‘NT Client Master 

Index’. This is a secure and protected 

database which holds a select range of linkage 

variables (e.g. name, date of birth, sex, 

address) across multiple NT datasets.   

The NT Client Master Index has enabled SA NT 

DataLink to progressively refine the precision 

of the person identifying information for the 

NT population. This is incrementally improved 

with each occasion that data custodians 

provide identifiers for new linkage or data 

updates. This process has been of particular 

value in maximising the reliability of the 

Aboriginal status identifiers.   

The current study includes data from multiple 

datasets in which the administrative recording 

of Aboriginal status is made independently by 

different agencies, sometimes over different 

times and occasions of service contact. While 

individuals are simply ‘flagged’ as Aboriginal 

(or not) in the various study datasets, it needs 

to be kept in mind that this grouping includes 

diversity, and that it is the ‘self-identification’ 

part of the official Commonwealth definition 

(below) that is recorded.  

“An Aboriginal or Torres Strait Islander is a person 

of Aboriginal or Torres Strait Islander descent who 

identifies as an Aboriginal or Torres Strait Islander 

and is accepted as such by the community in which 

he [or she] lives” (ABS 2013). 

This should ideally be recorded in response to 

the standard official question asked of the 

person (or their parent/carer). However, it is 

clear this is not uniformly followed (AIHW 

2010), as data quality issues are common and 

self-identification can change over time and 

according to circumstances (NSW Aboriginal 

Affairs 2015).  
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Additionally, the recording of Aboriginal and 

Torres Strait Islander status is frequently 

outside the control of Aboriginal and Torres 

Strait Islander people. In administrative data 

especially this is often recorded by a non-

Indigenous third person, such as a nurse or 

intake officer. Guthrie and Walter (2013) have 

established that such recorders commonly 

report embarrassment in asking the identity 

question, and frequently resort to guessing 

Aboriginal and Torres Strait Islander status 

based on physical appearance.  

Aboriginal and/or Torres Strait Islander 

Australians can be Aboriginal, Torres Strait 

Islander or both. In the NT datasets linked for 

this study there are relatively few Torres 

Straight Islanders. In Table 2.5 it can be seen 

that of the 119,059 students enrolled in NT 

government schools there were 181 (0.3%) 

identified as Torres Strait Islanders only and 

another 1,461 (2.25%) who were also 

identified as Aboriginal.  

Following consultation with the study’s 

Community Advisory Group, it was agreed 

that for the analytic purposes of this study a 

single dichotomous variable should be used to 

differentiate non-Indigenous children from 

Aboriginal and Torres Strait Islander children; 

and, to ensure consistency with the preferred 

official terminology in the NT, these two 

groups are referred to as ‘Aboriginal’ and 

‘non-Aboriginal’.  

Effects of ‘incorrect’ identification  

The potential and real effects of bias created 

by systematic under-reporting of Aboriginality 

in administrative datasets are well known 

(Lawrence et al. 2012; Taylor et al. 2012; 

Fremantle et al. 2015). The systematic review 

of this issue by Thompson et al. (2012) 

highlights how misclassification can have a 

profound effect on the analysis of outcomes. 

They comment “under-identification of 

Indigenous status must be addressed in health 

analyses concerning Indigenous health 

differentials – they cannot be ignored or 

wished away” (Thompson et al. 2012).   

Table 2.5 Indigenous status recorded in 

the Student Information dataset 

Aboriginal status    Count         % 

Non-Aboriginal 38,376 59.1 

Aboriginal 23,527 36.2 

Torres Strait Islander 181 0.3 

Aboriginal & Torres Strait Islander 1,461 2.25 

Not Stated 1,390 2.1 

Total 119,059 100 

 

Recently Gialamas et al. (2016) used linked 

administrative data and algorithmic methods 

to improve the identification of Aboriginal 

children in South Australian education data. 

They found that the gaps in educational 

outcomes can narrow dramatically as the 

indigeneity identification algorithm becomes 

more inclusive. An example of this was: “… 

the proportion of Aboriginal children who 

performed above the national minimum 

standard in Year 3 reading increased by 12 

percentage points when the algorithm 

incremented from once to ever …”. Such 

changes can impact both the numerator and 

denominator when calculating rates. This 

further underlines the importance for analysis 

of longitudinal data being based on consistent 

definitions of Aboriginal status.  

Consistency of Aboriginal status variables 

Whilst recognising people’s rights to self-

identification, the methodology of all of the 

linkage studies cited above involved assigning 

a single Aboriginal status variable to each 

individual across all linked data. This is 

considered to be ethically appropriate for 

longitudinal studies using de-identified 

population based data. It also significantly 

improves the precision and validity of the 

research outputs.   
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These studies employed different approaches 

to how Aboriginal status was derived. The 

most commonly used method was to identify 

individuals who had ‘ever’ identified as 

Aboriginal over different recording periods. 

Other approaches ‘flagged’ individuals who 

identified ‘always’, ‘on two or more times’ or 

‘the majority of occasions’. This raises the 

question of whether the same approach is 

optimal in every situation. 

Choi and Barnes (2015) developed an index to 

measure the degree of consistency between 

two linked datasets and used it to evaluate 

the quality of Aboriginal and Torres Strait 

Islander identification between datasets and 

across jurisdictions. NT data was found to be 

more reliable than any other jurisdiction 

across census, deaths and hospital records. 

Overall, records were more reliable for people 

living in outer regional and (very) remote 

areas.  

Few of the above studies attempted to 

evaluate the quality of each dataset in order 

to give greater weight to the datasets with the 

best data. Christensen et al (2014) specifically 

ruled this out in their Western Australian 

study “we focussed on an approach that was 

internally consistent, avoiding discussions of 

more or less trusted datasets or ‘gold 

standards’, which we felt were inconsistent 

with the principle of self‑identification”. 

On the other hand, the AIHW best practice 

guidelines recommend consideration be made 

of the scope, coverage and quality of the 

available Aboriginal and Torres Strait Islander 

status data when selecting a consistent 

Aboriginal and Torres Strait Islander status 

variable. They also recommend using 

sensitivity analysis to compare the effect of 

various selection methods on the study 

outcomes of main interest. 

The algorithmic approach we developed for 

establishing the optimum Aboriginal identifier 

for use in analyses involving data linked from 

two or more of the study datasets has 

followed the recommendation of the AIHW 

guidelines. This first involved a systematic 

evaluation of the completeness and quality of 

each dataset. Next an investigation was made 

of the consistency with which individual 

children were identified as Aboriginal or non-

Aboriginal between different combinations of 

the study datasets. This was used in 

establishing a ‘quality ranking’ of each 

dataset. Finally, the consequence of using the 

different ways of defining Aboriginal status 

was investigated by comparing what effect 

they would have if used in calculating one of 

the study’s key outcomes of interest: school 

attendance rates. (Further details of the 

methodology and analyses conducted in 

developing this algorithm are reported in 

Appendix 2.1). 

In summary, our consideration of the cultural 

and methodological issues associated with 

defining Aboriginal status for data linkage 

studies involving NT administrative data 

supports the following conclusions:  

1. For the purposes of this study, it is 

appropriate for a single dichotomous 

Aboriginal status variable to be used, given 

the small number of Torres Strait Islanders 

in the NT and the fact that most of these 

individuals also identify as Aboriginal.  

2. This publication will respectfully use the 

term ‘Aboriginal’ in reference to data 

concerning the Aboriginal and Torres Strait 

Islander peoples in the NT population 

context. 

3. In recognising people’s rights to self-

identification as Aboriginal or non-

Aboriginal, it is understood that 

inconsistencies can arise in its recording 

between different datasets and over time. 

This may vary according to the context in 
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which this information is sought and 

people’s personal circumstances at the 

time. 

4. To reduce potential bias and inaccuracies 

that can arise from the under-reporting of 

Aboriginal status, a variety of possible 

derivations of combined Aboriginal status 

variables were investigated.  

5. The NT Department of Health datasets 

were found to have the most complete 

and consistent recording of Aboriginal 

status. Ranking the other datasets in order 

of their concordance with the health data 

enabled the development of an algorithm 

in which each individual’s derived 

Aboriginal status was determined by the 

highest ranked data available for them. 

6. The above algorithm was considered to 

provide the best coverage and also 

represents an appropriate middle ground 

between the most inclusive and exclusive 

methodologies for deriving ‘consistent’ 

Aboriginal status variables needed for the 

study’s longitudinal analyses. 

 

2.8 Socioeconomic status 

A limited amount of person-level 

sociodemographic information is recorded in 

the NT Department of Education’s school 

enrolment data (e.g. the child’s primary 

carer’s age, employment status and 

education). The AEDC and Child Protection 

datasets also include some family 

demographic information. Additionally, two 

area-based measures of socioeconomic status 

were linked to each of the study children’s 

linked data: The Socio-Economic Indicators for 

Areas (SEIFA), and the Index of Community 

Socio-Educational Advantage (ICSEA).   

Socio-Economic Indicators for Areas (SEIFA) 

For the purposes of this study, we assigned 

the SEIFA index for the area of each child’s 

usual place of residence. SEIFA is a set of five 

indices developed by the Australian Bureau of 

Statistics (ABS) to compare the relative 

socioeconomic characteristics of areas at the 

time of each national census (ABS 2011). 

Because of the wide variation in 

socioeconomic advantage and disadvantage in 

the NT, we restricted our use of these indices 

to the Index of Relative Socio-Economic 

Advantage and Disadvantage (IRSAD). This 

index has a mean Australian value of 1,000 

and a Standard Deviation of 100. As the index 

is designed to compare individual areas at the 

time of the census, there are complexities 

which need to be considered in longitudinal 

analysis involving the use of SEIFA indices 

created from data collected in different 

census years. For example, some of the 

census variables and related weights for the 

index are likely to have changed; the 

boundaries of the relevant area(s) may also 

have changed.  

Our preliminary analyses identified some 

inconsistencies in the SEIFA values of NT 

communities in very remote areas. At the 

extreme end of the national distribution of 

disadvantage, the regression models used in 

creating these indices become unstable and 

are likely to under-estimate the actual level of 

disadvantage. A separate component of the 

present study reported in Chapter 4 describes 

how the additional community-level 

information available through data linkage 

can be used in conjunction with other publicly 

available community-level data to improve 

SEIFA’s predictive association with key human 

development outcomes such as education.  

Index of Community Socio-Educational 

Advantage (ICSEA)  

The Index of Community Socio-Educational 

Advantage (ICSEA) is a scale of socio-

educational advantage that is computed for 

each school across Australia. Developed by 

the Australian Curriculum, Assessment and 

Reporting Authority (ACARA), it is designed to 
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enable ‘fair’ comparisons of NAPLAN test 

achievement by students in different schools. 

A value on the index corresponds to the 

average level of educational advantage of the 

school’s student population relative to those 

of other schools. It has a mean national score 

of 1,000 and standard deviation of 100. There 

are also concerns about the reliability and 

validity of ICSEA scores for very remote NT 

schools at the extreme end of the national 

distribution of disadvantage, where the 

underlying regression model used to derive 

the ICSEA scores appears to become non-

linear. A component of this study is therefore 

investigating how the linked individual-level 

data and other publicly available community-

level data can be used to derive weightings to 

improve ICSEA’s predictive associations with 

NAPLAN outcomes. This is described in 

Chapter 4. 

2.9 Community-level variables 

The data linked for each individual child have 

also been linked to a range of other 

community-level data, sourced from publicly 

available data such as ABS community profiles 

(ABS 2013) and aggregated data tables from 

other NT administrative data sources (e.g. 

housing and environmental health). These 

data items were selected on the basis of their 

relevance to the social, economic and 

environmental circumstances of families in 

raising their children. They include aggregate 

measures of environmental health (e.g. 

housing quality and overcrowding) and 

human capital (percentage of people aged 

15+ with Year 10 or more education, 

percentage of people aged 15+ who speak 

English, percentage of people aged 15+ who 

are employed).  

Further information on these community-level 

variables is reported in Chapter 4 along with a 

description of how these have been used to 

establish more reliable and valid indices of 

relative advantage/disadvantage for the NT 

remote community context. This was 

considered important for this study given the 

observed limitations of nationally-based 

indices such as SEIFA and ICSEA, particularly in 

relation to more NT Aboriginal communities.   

2.10 Geographic variables 

In the interests of protecting personal and 

community confidentiality, this publication 

only reports findings aggregated according to 

the ARIA classification of children’s usual area 

of residence. ARIA is the Accessibility/ 

Remoteness Index of Australia developed for 

the Australian Bureau of Statistics by the 

National Key Centre for Social Applications of 

Geographical Information Systems (GISCA).  

The purpose of the ARIA index is to provide a 

statistical classification that informs policy 

development by classifying Australia into large 

regions that share common characteristics of 

remoteness. The concept of geographic 

remoteness is important in informing policy 

and the allocation of government resources. 

This needs to take account of the fact that the 

provision of services is strongly influenced by 

the typically long distances that people are 

required to travel outside cities and other 

urban areas.  

At its highest level of geographic grouping, the 

current ARIA classification (referred to as 

ARIA+) has five categories: major cities of 

Australia, inner regional Australia, outer 

regional Australia, remote Australia and very 

remote Australia. Only the last three of these 

categories apply in the NT. For this reason 

these are the only three categories reported 

where analyses are stratified by remoteness 

(ABS 2011).  
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2.11 Statistical analysis  

All statistical analyses have been performed 

using the statistical software STATA 14. The 

preliminary analysis conducted in preparing 

the extracted linked data items into analysis 

datasets involved extensive data checking 

which will continue as new and updated 

datasets are progressively linked in. The large 

study population and the comprehensive 

scope of the individual and community-level 

data linked for the study have facilitated use 

of new methods of longitudinal analysis. This 

has enabled the research being approached 

from an eco-epidemiological, life-span, human 

development standpoint.   

The initial chapters of this publication report 

findings from univariate and bivariate 

analyses and trends over time. Later chapters 

use a range of multivariate modelling 

methods, with adjustment for confounding, to 

build a more nuanced description of key 

factors associated with NT children’s 

trajectories of development than has 

previously been possible. 

2.12 Indigenous statistical 

standpoints 

While data linkage is a valued tool for policy 

development, its practice poses specific risks 

for Aboriginal and Torres Strait Islander 

peoples and communities. Population level/ 

administrative data cannot be understood as 

neutral. Data items are largely derived and 

used from Western epistemological 

standpoints and reflect the priorities and 

interests of data creators and collectors. 

These do not necessarily coincide with the 

priorities and interests of those who are the 

subject of the data. This problem is magnified 

when linking many datasets, if each one 

reflects the aspirations of their custodians, 

rather than those of Aboriginal and Torres 

Strait Islander peoples and communities. 

This aspect of administrative data has been 

significantly critiqued by First Nations 

scholars. Indigenous scholars bolster this 

critique by pointing to the long-term systemic 

failure of governments in their use of 

administrative data in enabling positive 

development outcomes for First Nations 

communities (Andersen 2016; Kukatai & 

Taylor 2016; Walter 2016). 

Within the Australian context, Aboriginal and 

Torres Strait Islander scholars particularly 

critique the simplistic use of Indigenous 

administrative/population-level data to 

inform policy decisions. They argue such 

usage fails to account for the lived 

experiences of Aboriginal and Torres Strait 

Islander communities and peoples (Behrendt 

2004; Moreton-Robinson 2015; Nakata 2007). 

These critiques underpin the emergence of 

Indigenous statistical methodological 

approaches; methodologies which centre 

Indigenous standpoints in the creation, 

analyses and interpretation of data relating to 

First Nations communities (Kukatai & Walter 

2015; Lovett 2016).  

Walter and Andersen (2013) suggest that an 

Indigenous statistical methodological 

framework incorporates three key premises; 

that the research move beyond dominant 

Western discourses to prioritise Indigenous 

cultural frameworks; that research processes 

are critically evaluated to identify and 

challenge direct and indirect cultural biases 

and stereotyping discourses; and that the 

translation of results reflects, not erases, the 

diverse contexts and lived experiences of 

Aboriginal and Torres Strait Islander peoples. 

The study design, analysis and reporting of 

findings have aimed to address these 

concerns and avoid cultural bias and reduce 

the risk of adverse policy outcomes resulting 

from simplistic use of Indigenous 

administrative data.
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2.14 Appendices 

This technical appendix provides background information and further detail regarding the 

methodological issues involved in establishing an ‘algorithmic’ approach for selecting the ‘optimum’ 

Aboriginal identifier to use in analyses involving data linked from two or more of the NT 

administrative datasets. 

2.14.1 Identifying Aboriginal status 

The first step in the process of identifying the 

study children’s Aboriginal status was based 

on the understanding that the NT Department 

of Health’s Perinatal dataset had high quality 

person identifiers achieved through the 

continuous improvement and updating of the 

NT Client Master Index (CMI).  

However, the Perinatal dataset presented two 

special challenges. Firstly, the Aboriginal 

status of the baby was only recorded from 

2000 onward. From then until 2007 there was 

a high rate of ‘missing’ Aboriginal status 

(20%), but from 2008 to 2013 its recording 

was almost complete with just 0.5% ‘missing’.  

In dealing with this type of inconsistency 

some authors have suggested using the 

mother’s ‘status’ as a proxy for the child’s 

(Kennedy et al. 2009). While the mother’s 

Aboriginal status is well recorded in the NT 

Health data, it is not the only determinant of 

the child’s Aboriginal status.  

In considering how to resolve this we 

examined the effect of three options for 

creating a derived variable for the child’s 

Aboriginal status:   

 

a) using the mother’s recorded Aboriginal 

status as a proxy for the child’s; b) using an 

‘or’ rule i.e. deeming the child to be 

‘Aboriginal’ if either the mother or baby’s 

status was recorded as Aboriginal; c) and 

using just the baby’s recorded Aboriginal 

status. The findings from this investigation are 

summarised in Table 2.A.1 (below) where it 

can be seen that if an ‘or’ rule was applied this 

would result in the percentage of children 

‘identified’ as Aboriginal increasing from 

29.0% to 39.6%.   

The completeness and consistency of the 

record of Aboriginal status was then 

examined in the other Health and non-Health 

datasets used in this study. This is 

summarised in Tables 2.A.2 and 2.A.3 below. 

2.14.2 Consistency of Aboriginal 

status recording 

This was examined by firstly establishing 

counts for a) each individual’s dataset sources 

of non-missing Aboriginal status; b) and the 

number of these datasets which were 

consistent in identifying the individual as 

Aboriginal. Table 2.A.4 (below) tabulates 

these ‘Source counts’ and their associated 

‘Aboriginal status counts’.   

Table 2.A.1 Perinatal data: Mothers’ and babies’ recorded Aboriginal status 

 Mother or baby 
Aboriginal 

Mother  
Aboriginal 

Baby  
Aboriginal 

 Count % Count % Count % 

Non-Aboriginal 44,953 60.4 47,016 63.1 25,706 35.0 

Aboriginal 29,490 39.6 27,425 36.8 21,622 29.0 

Missing 23 0.03 25 0.03 27,138 36.0 

Total 74,466 100 74,466 100 74,466 100 
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Table 2.A.2 Health datasets: Aboriginal status recorded  

 Hospitalisation Immunisation Perinatal Mother 

 Count % Count % Count % 

Non-Aboriginal 23,096 48.74 40,370 74.01 47,016 63.14 

Aboriginal 24,229 51.13 14,179 25.99 27,425 36.83 

Missing 64 0.14 0 0 25 0.03 

Total 47,389 100 54,549 100 74,466 100 

Table 2.A.3 Non-health datasets: Aboriginal status recorded 1,2 

 AEDC Student Info Child Protection NAPLAN 

 Count % Count % Count % Count % 

Non-Aboriginal 3,981 56.3 38,376 59.1 7,786 32.2 18,309 55.1 

Aboriginal 3,092 43.7 25,169 38.8 15,939 66.0 14,909 44.9 

Missing 0 0 1,390 2.1 0 0   

Total 7,073 100 64,935 100 23,725 100 33,218 100 

1. The hospitalisation data contained 246 individuals with inconsistent Aboriginal status and 64 with no Aboriginal status recorded.  

2. The immunisation data has a total of 10,731 records (concerning 1,476 children) with missing Aboriginal status. There were 9 children 

with conflicting Aboriginal status. 

3. There were 24,154 child protection records on a total of 23,725 individuals. Duplicate linkage keys were noted for 123 individuals and 

12 of these had an inconsistent record of Aboriginal status so the oldest duplicates were removed.  

4. NAPLAN data are recorded annually for students in Years 3, 5, 7 and 9. There were records for 33,218 individuals; 154 had 

inconsistent recordings of Aboriginal status so the most recent Aboriginal status value was accepted. 

 

Table 2.A.4 ‘Source’ and ‘Aboriginal’ 

counts  

Source Count 
(no. of datasets) 

Aboriginal 
count 

%  Cumulative 
% 

0 784 0.65 0.65 

1 35,767 29.67 30.32 

2 31,798 26.38 56.7 

3 22,377 18.56 75.27 

4 15,697 13.02 88.29 

5 10,493 8.7 96.99 

6 3,321 2.76 99.75 

7 304 0.25 100 

For perfectly consistent data, the ‘Aboriginal 

Count’ would be either 0 or equal to the 

‘Source Count’ depending on the individual’s 

actual Aboriginal status. In Table 2.A.5 (below) 

the column on the far right shows the 

percentage of children with inconsistent 

Aboriginal status associated with the number 

of datasets sourced. For example, if four 

datasets were sourced to meet the ‘ever 

Aboriginal’ rule this this would result in a level 

of inconsistency of 1.34% + 1.54% + 

2.70% = 5.58%.  

 

2.14.3 Ranking the quality of the 

Aboriginal status variables  

We generated a new Aboriginal status 

variable, ‘Main Aboriginal Status’ based on a 

quality ranking of the study datasets. Each 

individual was assigned the status recorded in 

the dataset having the highest highest-ranked 

quality. Those whose status was still missing 

were assigned the value from the dataset with 

the 2nd ranked quality and so on.  

For the reasons described earlier, the 

Department of Health datasets were 

considered the most reliable for assessing 

Aboriginal status. Health Department staff 

ranked the hospitalisation data as the most 

reliable followed by immunisation and then 

perinatal (mother) based on the order in 

which they were linked to the Client Master 

Index (CMI) and the degree of validation 

checking they were known to have had. The 

ranking of the non-health datasets was 

determined by their degree of correlation 

with the health data. 



27 

Table 2.A.5 Consistency and inconsistency of Aboriginal status by number of 

datasets sourced 1 

Source Count 
(No. of 

datasets) 

Aboriginal Status (%)  % Inconsistcy 
by source 

count  
 0 1 2 3 4 5 6 7   

0 100 0 0 0 0 0 0 0 - 

1 80.45 19.55 0 0 0 0 0 0 - 

2 74.29 2.14 23.56 0 0  0 0 0 2.14 

3 62.57 1.44 2.34 33.65 0 0 0 0 3.79 

4 46.71 1.34 1.54 2.70 47.70 0 0 0 5.58 

5 34.9 0.83 1.5 0.71 2.61 59.45 0 0 5.65 

6 27.01 0.72 1.42 0.93 0.87 3.7 65.34 0 7.65 

7 25 0.99 0.33 0.33 0.99 1.32 1.97 69.08 5.93 

Total 65.66 6.9 7.02 6.69 6.47 5.28 1.81 0.17 - 

1. Cell values highlighted in red indicate percentage inconsistent 
 

Table 2.A.6 Correlation of Aboriginal status between data sources 
 Perinatal Immun’n Hosp’n AEDC NAPLAN Student 

Info 
Child  

Protect’n 
Dataset Baby Mother Ever 

Perinatal Baby 1         

Perinatal Mother 0.9063 1        

Ever 0.992 0.9429 1       

Immunisation 0.9657 0.8512 0.9264 1      

Hospitalisation 0.9813 0.8911 0.9463 0.988 1     

AEDC 0.9253 0.8747 0.9303 0.9443 0.9478 1    

NAPLAN 0.9301 0.8418 0.8911 0.9285 0.9439 0.9673 1   

Student Info 0.9317 0.8507 0.8943 0.9306 0.9416 0.9715 0.9885 1  

Child Protection 0.9666 0.8293 0.9135 0.9975 0.9812 0.9379 0.9254 0.9231 1 

 

While tetrachoric correlations are preferred 

for dichotomous data, the STATA outputs had 

some stability issues due to the high pairwise 

correlations of the variables. For this reason 

Pearson’s correlations were used instead and  

yielded similar results. This showed that that 

the highest-ranked non-health data source 

was Child Protection, followed by NAPLAN, 

Student Information and the AEDC. 

2.14.4 Sensitivity analysis 

 

The consequence of the different ways of 

defining Aboriginal status was then 

investigated by comparing what effect they 

would have if used in calculating one of the 

study’s key outcomes of interest: school  

attendance rates. In Table 2.A.7 below, it can 

be seen that the calculated rate of attendance 

is lowest using the ‘Always Aboriginal’ 

derivation and highest using the ‘Ever 

Aboriginal’ derivation, and the difference 

would be negative for the ‘Always Aboriginal’ 

cohort. This suggests that more inclusively 

defined measures of Aboriginal status tend to 

‘narrow the gap’ when reporting outcomes of 

Aboriginal and non-Aboriginal children. 

Importantly, this table also shows that the 

quality of all Aboriginal status variables has 

been improving over time. This is most clearly 

seen in the narrowing ‘spread’ of variances for 

the ‘Ever Aboriginal’ and ‘Always Aboriginal’ 

derivations.  
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Table 2.A.7 Attendance variances associated with alternate Aboriginal status 
derivations 

Child's age  Aboriginal status derivation Year of Birth 

(years)   1994 1997 2000 2003 

7  

Dept. of Ed Aboriginal  
  

1.1 0.8 

Ever Aboriginal 
  

1.4 1.3 

Mostly Aboriginal   0.7 0.5 

Always Aboriginal   –0.3 –0.6 

9 

Dept. of Ed Aboriginal  
 

1.4 1 0.8 

Ever Aboriginal 
 

2 1.1 1.2 

Mostly Aboriginal  1.2 0.7 0.5 

Always Aboriginal   –1 –0.3 –0.5 

11 

Dept. of Ed Aboriginal  1.4 1.2 1 0.6 

Ever Aboriginal 1.6 1.8 1.3 0.9 

Mostly Aboriginal 1.3 1 0.7 0.3 

Always Aboriginal  –1.3 –1 –0.3 –0.5 

13 

Dept. of Ed Aboriginal  1 2 0.9 
 

Ever Aboriginal 1.3 1.7 1.2 
 

Mostly Aboriginal 1 0.9 0.6 
 

Always Aboriginal –2 –1.1 –0.3  

15 

Dept. of Ed Aboriginal  0.9 2.4 
  

Ever Aboriginal  1.4 2.9 
  

Mostly Aboriginal 0.8 1.8  
 

Always Aboriginal  –1.5 –1.6   

 



29 

3. Early life health and development 
Jiunn-Yih Su, Sven Silburn, Stefanie Schurer, Steven Guthridge, Vincent He, John 

McKenzie 

Chapter overview 

This chapter reports time trends for indicators of the early health and developmental status of 

children born in the Northern Territory (NT) over the period 19942013. These indicators were 

selected on the basis of the literature regarding their known association with longer-term life 

outcomes including children’s readiness for school learning. Understanding the pattern of trends for 

these early life factors is important for identifying emerging service needs, and to inform the 

prioritisation and targeting of policy and services to improve outcomes for children.  

The analyses are conducted separately for Aboriginal and non-Aboriginal children and by three levels 

of geographic remoteness; namely, outer regional, remote and very remote areas (Pink 2013). An 

analysis of the administrative data for each of these population segments enables a more 

contextualised understanding of their differing service needs. This is also helpful in monitoring 

progress of policy initiatives such as recent National Partnership Agreements to improve Indigenous 

child development and education outcomes under the ‘Closing the Gap’ strategy (Gardiner-Garden 

2017).  

Stratifying the trend analyses by levels of geographic remoteness is important given the unique 

geographic distribution of the NT population, with up to 70% of people residing in two larger urban 

areas (Darwin and Alice Springs) and the remaining 30% living in smaller communities dispersed 

across the vast area of the Territory. While higher levels of remoteness are associated with lower 

levels of accessibility to essential facilities, it is also the case that other local socioeconomic factors 

play a major role in children’s health and developmental outcomes. 

The trend analyses reported in this chapter have also assisted in generating hypotheses about which 

indicator variables appear most relevant to include in the multivariate analyses reported in later 

chapters of this publication. 

3.1 Describing time trends  

Describing trends in population data is a means 

of establishing a dynamic and ecological view of 

a population’s health and wellbeing status. This 

is typically used in population-based research 

for purposes such as:  

1. Identifying whether and how health and 

developmental outcomes have 

increased or decreased over time.  

2. Comparing the evolution of outcomes in 

one time period with outcomes in 

another time period e.g. comparing 

rates of children’s participation in 

preschool before and after the 

introduction of policies for universal 

access to preschool. 

3. Comparing one population to another 

e.g. Aboriginal children living in urban 

areas and Aboriginal children living in 

very remote communities.  

4. Making future projections e.g. to aid the 

planning of preventive health 

interventions and other services by 

estimating likely resource requirements. 

 

3.2 Perinatal health indicators 

Sentinel health data relevant to maternal health 

during pregnancy and children’s birth outcomes 

is routinely   
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recorded through NT Midwives Collection (Case, 

Dempsey and Zhang 2015). This is the NT 

component of ongoing and comprehensive 

collections of data by birth attendants across 

Australia. The collections are used for 

population-level monitoring of pregnancy 

characteristics and outcomes including perinatal 

morbidity and mortality. The perinatal health 

indicators, described in this chapter, were 

selected on the basis of their established 

relevance to children’s development and 

education outcomes (Guthridge et al. 2015 

2016). Reporting of the time trends in these 

indicators was grouped in two categories: 

maternal health and perinatal health.  

3.2.1 Analysis methods 

A retrospective analysis was conducted of the 

de-identified health and clinical data of mothers 

and babies for births that took place in the NT 

during the 20-year period between 1994 and 

2013. Each record represents a single childbirth 

event where the baby was at least 20 weeks 

gestation or had a birthweight of at least 

400 grams and was either live born or stillborn.  

The Aboriginal status variable used in these 

analyses was derived from the algorithm 

described in Chapter 2. Records for which 

Aboriginal status was missing (n=4) or the value 

in the variable of residential district was either 

interstate/immigrant (n=1,725) or not stated at 

all (n=33) were excluded from the analysis. 

The level of remoteness variable is derived from 

data on the Accessibility/Remoteness Index of 

Australia (ARIA+) retrieved from the Australian 

Bureau of Statistics (ABS). As described in 

Chapter 2, this variable defines five remoteness 

area (RA) categories: major cities, inner regional, 

outer regional, remote, and very remote. In the 

NT, only three of these remoteness levels are 

distinguished: outer regional, remote, and very 

remote. The estimated resident population data, 

released by the Health Gains Planning branch of 

the NT Department of Health in 2015, were used 

to calculate population rates. These were 

calculated based on census data from the ABS.  

Long-term trends in the rates of selected 

perinatal health indicators for mothers and 

babies were analysed using the publicly 

available Joinpoint Regression Program, version 

4.3.1.0 (Division of Cancer Control & Population 

Sciences 2017). This program identifies the 

significance of changes in the trend of each 

measured outcome, calculated for a two-tailed p 

value < 0.05. It also reports the annual 

percentage change (APC) in a given time period 

and the average annual percentage increasing or 

decreasing change (AAPC) over the entire study 

period and their confidence intervals (95% CI).  

3.3 Maternal health 

3.3.1 Live births 

Between 1994–2013, a total of 71,990 live births 

were recorded for 44,784 mothers in the NT. 

Almost four in ten births (39.1%) were of 

Aboriginal children, and 31.0% of the mothers 

identified as Aboriginal. A description of the 

annual number of live births by Aboriginal status 

over this period is shown in Figure 3.1 (below) 

and Table 3.A.1 in the Appendix.  

The proportions of non-Aboriginal and 

Aboriginal live births followed significant trends 

in opposite directions in the two consecutive 

time periods: 1994–2003 (period 1), and 2003–

2013 (period 2). In period 1, the total number of 

non-Aboriginal live births trended downward 

with an APC of –1.6% (95%CI: –2.2~–1.1%, Ptrend 

<0.0005) while the total number of Aboriginal 

live births trended upward with an APC of 2.7% 

(95%CI: 1.8~3.5%, Ptrend <0.0005). In period 2, 

the total number of non-Aboriginal live births 

followed a significant upward trend with an APC 

of 1.1% (95%CI: 0.7~1.6%, Ptrend<0.0005) while 

the total number of Aboriginal live births 

decreased significantly with an APC of –1.7% 

(95%CI: –2.4~–1.0%, Ptrend =0.0001). 
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Figure 3.1 Annual number of live births by 
Aboriginal status, NT, 1994–2013 

Figure 3.2 Annual number of live births 
by level of remoteness, NT, 1994–2013 

  

 

Over these two decades, the total number of NT 

live births increased by around 50 additional 

births each year. Of note is the substantial 

increase in the annual number of live births in 

the non-Aboriginal population which increased 

by almost 32% between 2004 and 2013 (1,953 

to 2,174).  

Figure 3.2 (above) describes the NT live birth 

trends according to the levels of remoteness of 

the mother’s usual residence. This shows that 

the annual number of live births in outer 

regional areas (Darwin and surrounds) remained 

constant between 1994 and 2004. However, 

from 2004, a sharp increasing trend was evident 

(APC = 2.9%: 95% CI = 2.1%–3.7%; Ptrend=0.025). 

The high concentration of the non-Aboriginal 

population in the outer regional areas is 

consistent with the overall increase in non-

Aboriginal births over this period.  

For remote NT areas, the live birth rate 

remained essentially constant over the two 

decades, ranging between 700–800 per annum. 

However, for very remote areas the annual 

number of live births peaked in 2001 and then 

followed a significant decreasing trend (APC = –

1.4%; 95%CI =–2.2%–0.5%; Ptrend= 0.004). As 

almost all of these births were for Aboriginal 

mothers, this is also reflective of the overall 

declining trend in Aboriginal births over this 

period.  

In summary, the recent live birth trends have 

important implications for estimating the NT’s 

projected population growth and its longer-term 

sustainability. Establishing the reasons for the 

recent decline in Aboriginal live births warrants 

further detailed investigation.  

3.3.2 Fertility rates 

Understanding the nature of population growth 

associated with fertility requires investigation of 

changes in total fertility rates (TFR) and age-

specific fertility rates (OECD 2017). The TFR 

represents the number of children a woman 

would bear during her lifetime if she 

experienced current age-specific fertility rates at 

each age of her reproductive life (OECD 2017). 

For a population to remain at its current level, 

the required TFR is 2.1. In other words, every 

woman would need to give birth to an average 

of 2.1 children during their reproductive years 

(Nargund 2009). 

We calculated the age-specific fertility rates for 

five separate age groups (15 to 49 years) and the 

TFR by Aboriginal status for the most recent 13 

years of the study. The TFR for non-Aboriginal 

women followed an increasing trend (AAPC = 
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0.64%; 95%CI = 0.24%–1.04%; Ptrend=0.004). In 

contrast, the TFR for Aboriginal women followed 

a decreasing trend (AAPC = –1.15% per year 

(95%CI: –1.73% to –0.56%, Ptrend=0.001). Also of 

particular note, was that the TFR for Aboriginal 

women in 2013 was just 2.15. This is close to the 

replacement rate of 2.1 and was the lowest TFR 

on record. 

To further unpack the trends in total fertility 

rates and investigate the distribution of the 

recent changes across the age groups of the 

mothers, the age-specific fertility rates for the 

three aggregate age groups were examined. 

These included teenage mothers (less than 20 

years), adult mothers (20–34 years), and older 

adult mothers (35 years and older). The fertility 

rates for teenage mothers were calculated using 

the NT female population for the 15–19 year age 

group. The rates for the older mothers were 

based on the NT female population for the 35–

49 year age group.  

As can be seen in Figure 3.3 (below), the fertility 

rates for women aged <20 years, and therefore 

teen pregnancy rates, for both Aboriginal and 

non-Aboriginal mothers decreased substantially 

over the full study period. A marked decreasing 

trend was observed for Aboriginal teenage 

mothers from 2001 to 2013 (AAPC=–4.0%; 

95%CI = –5.0% to –3%; Ptrend<0.0005). The age-

specific TFR for these mothers almost halved 

over the same period, from 139.0 to 74.0 per 

1,000 women. The TFRs of non-Aboriginal 

teenage mothers decreased by 62.7% over the 

20-year period, from 33.0 to 12.3 per 1,000 

women. (AAPC= –4.5%; 95%CI = –5.5 to –3.6%, 

Ptrend<0.0005).  

The TFRs for the 20–34 year age group remained 

relatively constant for both Aboriginal and non-

Aboriginal women over the whole study period. 

However, for the most recent five years, 

Aboriginal TFRs decreased while non-Aboriginal 

TFRs increased.  

Births to mothers aged 35 years and over 

represented 18.2% and 6.5% for non-Aboriginal 

and Aboriginal women, respectively. This age 

group was the only one in which the Aboriginal 

fertility rate was not higher than the non-

Aboriginal rate. 

Figure 3.3 Age-specific fertility rate (per 1,000 women) by Aboriginal status, NT, 1994–

2013 1  

 

                                                           
1
 The small numbers of births born to mothers aged less than 15 years and mothers aged 50 years and over 

were included in the numerators in these rate calculations (into the 15-19 and 45-49 year age groups 

respectively), but the denominators only include population data for women aged between 15 and 49 years.  
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In summary, the decreasing fertility rates for 

both non-Aboriginal and Aboriginal teenage 

women represent an encouraging reduction 

for this high risk population. However, fertility 

rates for Aboriginal women aged 20–34 years 

have also decreased in recent years, and the 

overall decline in the number of Aboriginal live 

births warrants further investigation.  

3.3.3 Alcohol consumption in 

pregnancy  

There is overwhelming evidence from 

systematic reviews and meta-analyses, that 

alcohol consumption during pregnancy 

increases the risk of low birthweight (LBW) and 

preterm birth (Patra et al. 2011; Jaddoe et al. 

2007; Mariscal et al. 2006).  

The study population available for analysis of 

the NT trends in the reporting of alcohol 

consumption during pregnancy was restricted 

to just 69.8% of all recorded births. This was 

due to the large number of records with 

missing data on the two variables recording 

maternal alcohol use at the first antenatal visit 

and at 36 weeks gestation. The recording of 

these separate data items commenced in 

1996.  

The proportion of missing data was greater for 

Aboriginal mothers (34.2%) than non-

Aboriginal mothers (27.6%), especially in the 

earlier years of data collection and in ‘very 

remote’ areas. The analysis findings which 

follow should thus be interpreted with caution. 

At their first antenatal visit, 8.0% (95% CI: 7.8–

8.2%) of all NT women reported drinking 

alcohol during pregnancy. The proportion of all 

mothers who reported drinking alcohol at 36 

weeks gestation was significantly lower at 5.2% 

(95% CI: 5.0–5.4%). 

Around 11.5% (95% CI: 11.0%–11.9%) of 

Aboriginal mothers reported at their first 

antenatal visit that that they drank alcohol and 

8.3% (95% CI: 7.9%–8.7%) at 36 weeks 

gestation. This compared with 6.0% (95% CI: 

5.7–6.2%) of non-Aboriginal mothers reporting 

at their first antenatal visit that they drank 

alcohol and 3.4% (95% CI: 3.2-3.6%) at 36 

weeks gestation. 

Figure 3.4 shows a significant decreasing trend 

in maternal alcohol consumption in pregnancy 

for both Aboriginal and non-Aboriginal 

populations between 1996 and 2013, at both 

the first antenatal visit and at 36 weeks 

gestation (full results are presented in 

Figure 3.4 Proportion of mothers who 
reported alcohol consumption at first 
antenatal visit and 36 weeks gestation 
by Aboriginal status, NT, 1996–2013 

Figure 3.5 Proportion of mothers who 
drank alcohol during pregnancy by level 
of remoteness, NT, 1996–2013 

  

0%

5%

10%

15%

20%

P
ro

p
o

rt
io

n
 o

f 
m

o
th

er
s 

d
ri

n
ki

n
g 

al
co

h
o

l 
()

 

Non-Aboriginal-1st Visit

Non-Aboriginal-36 wk

Aboriginal-1st Visit

Aboriginal-36 wk

0%

2%

4%

6%

8%

10%

12%

14%

P
ro

p
o

rt
io

n
 o

f 
m

o
th

er
s 

w
h

o
 d

ra
n

k 
al

co
h

o
l (

%
) 

Outer regional Remote

Very remote



34 

Appendix Table 3.A.2). Importantly, the 

proportion of Aboriginal mothers reported to 

have been drinking alcohol at 36 weeks 

gestation decreased by 56.9% during this period 

(from 11.6% to 5.0%). Over the same period, the 

reported alcohol consumption among non-

Aboriginal mothers decreased by 92.4% (from 

6.6% to 0.5%). 

Comparable reductions in the trends of 

maternal alcohol use in pregnancy were evident 

when analysed by level of remoteness. In Figure 

3.5 it can be seen that the proportion of 

mothers reported to have consumed alcohol at 

week 36 decreased consistently across all levels 

of remoteness. The pace of this decrease was 

highest in the outer regional areas and lowest in 

the very remote areas (AAPC=-8.1% and -2.8% 

respectively). By 2013, the proportion of 

mothers from outer regional areas who drank 

alcohol during pregnancy had dropped to a low 

level of 0.7%, compared with 2.7% and 3.6% for 

remote and very remote categories, 

respectively.  

In summary, there have been encouraging 

decreasing trends in the proportion of both 

Aboriginal and non-Aboriginal mothers, across 

all levels of remoteness, who reported 

consuming alcohol during pregnancy. However, 

the extent of the continuing differences 

between populations indicates the need for 

continuing public health effort to reduce alcohol 

consumption among pregnant women - 

especially in very remote areas. 

3.3.4 Smoking in pregnancy  

There is substantial literature confirming that 

smoking during pregnancy increases risks of 

perinatal mortality, low birth weight and other 

adverse pregnancy outcomes (Hodyl et al. 2014; 

MacArthur and Knox 1988; Butler, Goldstein, 

and Ross 1972). There is also evidence that 

cessation of smoking at earlier stages of 

pregnancy reduces the risk of LBW and perinatal 

mortality. Trend data on the proportion of 

pregnant women who smoke and the 

proportion who ceased smoking during 

pregnancy assists monitoring progress of public 

health efforts to reduce smoking related harm 

(Rogers 2009; AIHW 2009; Chan and Sullivan 

2008).  

In the NT Midwives Collection, data on smoking 

status during pregnancy was recorded as two 

separate variables at the first antenatal visit and 

again at 36 weeks gestation.2 Due to changes in 

2010 for the data definitions of early- and late-

stage smoking, the following trend analysis was 

firstly confined to the relevant variables for the 

period of 1996–2009. We also separately report 

summary statistics on the data on the new 

variables for the three-year period from 2011–

2013. 

Analysis of the 1996–2009 maternal smoking 

trends also excluded 29% of birth records with 

missing data on either of these two smoking 

variables. A higher proportion of Aboriginal birth 

records had missing maternal smoking data 

(27.9%) than for non-Aboriginal births (19.5%). 

In contrast, for the period 2011–2013 the 

analysis required the exclusion of just 10.6% of 

Aboriginal birth records, due to missing data for 

either of the smoking variables. Also, technical 

problems with the 1998 data meant that the 

maternal smoking rates for that year could not 

be shown in Figure 3.6 (below). 

                                                           
2
 The method for collecting data on smoking during 

pregnancy was revised from July 2010 and the two 
previously used variables were replaced with two 
new ones. Smoking at first visit was replaced with 
smoking before 20 weeks gestation and smoking at 
36 weeks was replaced with smoking after 20 weeks 
gestation. The discontinuity in the trends in both 
pairs of variables made combining the two pairs of 
variables of early and late stage smoking 
inappropriate.  
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Figure 3.6 Proportion of mothers who reported smoking at first antenatal visit and 36 

weeks gestation by Aboriginal status, NT, 1996–2013 

 

Figure 3.7 Proportion of mothers who smoked during pregnancy by level of 

remoteness, NT, 19962013 
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smoking status were excluded from the analysis. 

The mothers who reported they smoked at 36 

weeks gestation remained around 16% between 
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mothers, this proportion increased from 35.0% 
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Rates of maternal smoking during pregnancy 

(i.e. at any stage of the pregnancy) were also 

analysed by level of remoteness. In Figure 3.7 

(above), a comparable divergence in the trends 

is evident for outer regional areas and very 

remote areas. The average annual rate 

difference between outer regional and very 

remote categories was 22.4%. This followed a 

consistently increasing trend over this period 

(AAPC=6.1%; 95%CI = 5.2 to 7.0%, Ptrend<0.0005).  

In summary, while there are some encouraging 

signs of a decline in non-Aboriginal mothers 

smoking during pregnancy and a moderation of 

trends of Aboriginal mothers reporting smoking 

during pregnancy – the need for further public 

health interventions to reduce this health risk 

behaviour remains urgent – especially given that 

NT smoking rates remain among the highest in 

Australia. 

3.3.5 Antenatal care 

Antenatal care is crucial to the health of women 

and their unborn babies as it provides 

opportunities for maternal education, 

preventive screening, and treatment to improve 

pregnancy outcomes (Carroli, Rooney, and Villar 

2001; Carroli et al. 2001). There is general

agreement, internationally, on the need for at 

least seven antenatal visits. This is reflected in 

the guidelines of the Minymaku Kutju Tjukurpa 

Women’s Business Manual which recommends a 

minimum of seven to ten antenatal visits for 

women in remote NT settings. The manual also 

recommends the first visit be made prior to ten 

weeks of pregnancy, followed by monthly visits 

until 28 weeks, fortnightly visits until 36 weeks, 

and weekly visits until birth (Congress Alukura 

2014). In this section, we examine two key 

indicators of antenatal care (Rumbold et al. 

2011), including a) The proportion of mothers 

who presented for their first antenatal visit in 

the first trimester (<13 weeks gestation); b) and 

the proportion of mothers who had seven or 

more antenatal visits during their pregnancy.  

As data on the gestational age at the first 

antenatal visit was missing for 1930% of 

records for the years 19941999 and 8% or less 

for the years 20002013, the analysis was 

limited to antenatal visits in the period from 

20002013. In Figure 3.8 (below) it can be seen 

that between 2000 and 2013, the proportion of 

mothers presenting for their first antenatal visit 

in the first trimester increased by 36.2% in non-

Aboriginal mothers and by 56% in Aboriginal 

mothers.  

Figure 3.8 Proportion of mothers 
presenting for their first antenatal visit in 
the first trimester by Aboriginal status,  

NT, 20002013 

Figure 3.9 Proportion of mothers 
presenting for their first antenatal visit in 
the first trimester by level of remoteness, 

NT, 20002013 
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A significant upward trend was observed over 

the 14 years for both non-Aboriginal 

(AAPC=2.5%, 95%CI: 1.0 to 4.0%, Ptrend=0.0009) 

and Aboriginal mothers (AAPC=3.5%; 95%CI = 

1.6 to 5.4%, Ptrend=0.0003). Trends in the first 

antenatal care visit in the first trimester of 

pregnancy by level of remoteness are shown in 

Figure 3.9 (above). It shows that there were 

increasing trends for both outer regional and 

remote areas throughout the 14-year period 

(Ptrend=0.005 and 0.028 respectively).  

While the proportion of mothers in very remote 

regions who accessed antenatal care in the first 

trimester also showed an increasing trend 

(Ptrend<0.0005), they remained around 20 

percentage points lower than those in outer 

regional areas throughout this period. It remains 

of concern that by 2013, more than 40% of 

pregnant women in very remote areas had not 

accessed an antenatal visit in the first trimester. 

Trend analysis of mothers attending seven or 

more antenatal visits was limited to the period 

20002013 due to the level of missing data on 

this item prior to 2000. In Figures 3.10 and 3.11 

(below) it can be seen that there was little 

change in the proportions of mothers attending 

seven or more antenatal visits for both 

Aboriginal and non-Aboriginal mothers. 

 

Figure 3.10 Proportion of mothers having 

seven or more antenatal visits during their 

pregnancy by Aboriginal status,  

NT, 20002013 

 

Also women receiving this level of antenatal 

health care remained at essentially similar levels 

across all three levels of remoteness.  

Figure 3.11 Proportion of mothers having 

seven or more antenatal visits during 

their pregnancy by level of remoteness,  

NT, 20002013 
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and 0.4% of Aboriginal births and these records 

were spread across eight years (i.e. not 

concentrated in one or a few years), they were 

excluded from the analyses.  

The rate of preterm births in non-Aboriginal 

mothers had a mild but significant decreasing 

trend over the study period 19962013 (AAPC=-

0.94%: 95%C= -1.59 to -0.28%, Ptrend=0.0081), 

while those for Aboriginal mothers remained 

relatively unchanged. This meant that the 

difference between these two rates followed a 

significant increasing trend for both the 

Aboriginal-to-non-Aboriginal rate ratio 

(AAPC=1.30: 95%CI = 0.40% to 2.21%, 

Ptrend=0.0075) and the rate difference 

(AAPC=1.66: 95%CI = 0.21% to 3.13%, 

Ptrend=0.0276).  

When the analysis was stratified by level of 

remoteness, this yielded similar results. Preterm 

birth rates for outer regional and remote areas 

were at similar levels, while the rates for very 

remote areas were consistently higher than 

those for outer regional areas by about 57 

percentage points. 

The gap between these two categories has 

significantly widened with time (Ptrend=0.0007). 

This would appear to be attributable to the 

increasing trend in very remote areas 

(Ptrend=0.020) and the decreasing trend in outer 

regional areas (Ptrend=0.019). 

In Figure 3.12 (below) it can be seen that a 

similar pattern of trends was evident when the 

analysis examined considered the proportion of 

births that were extremely preterm (<28 weeks), 

very preterm (2931 weeks), and moderately 

preterm (3237 weeks) gestation. 

In summary, the continuing trend in preterm 

birth among Aboriginal women and in very 

remote areas remains a significant concern, 

given the long-term risk this can have for 

children’s subsequent development and health 

outcomes. Further public health investment is 

clearly needed in culturally accessible maternal 

health programs and routine antenatal care, 

especially for the NT population groups in 

greatest need. 

Figure 3.12 Preterm birth rate by subcategory and Aboriginal status, NT, 20002013 
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3.4.2 Birthweight 

Low birthweight (LBW) is an important 

contributing factor for perinatal and infant 

mortality (Panaretto et al. 2006; Rush et al. 

1976); and the development of chronic diseases 

in later life (Curhan, Chertow, et al. 1996; 

Curhan, Willett, et al. 1996; Tamakoshi et al. 

2006).  

Studies have associated LBW with increased risk 

for developmental and school learning 

difficulties (Fletcher 2011; Martorell et al. 2010; 

Pinto-Martin et al. 2004). Rates of LBW are 

widely used as an indicator of mothers’ 

reproductive health and birth outcomes, as well 

as the effectiveness of public health 

interventions to improve them (Bird et al. 2016; 

Dolan-Mullen, Ramirez and Groff 1994; Kramer 

1987).  

In Australia, the ongoing monitoring of LBW has 

been made possible by all states and territories 

routinely collecting birthweight data, which is 

also collated for national reporting. 

In this section we describe NT trends in the 

average birthweight and rates of LBW (as a 

proportion of all live births) by the child’s 

Aboriginal status and by level of remoteness 

over the period 1994–2013. LBW is defined as a 

birthweight of less than 2,500 grams.  

Over this 20-year period, the average 

birthweight for newborns of Aboriginal mothers 

was 242.4 grams lower than babies of their non-

Aboriginal counterparts, and this difference was 

significant for both sexes. Figure 3.13 (below) 

shows the rate of LBW for Aboriginal and non-

Aboriginal babies over the study period. (The 

data table associated with this figure is 

presented in Appendix Table 3.A.2). These data 

show no significant trends in the improvement 

of LBW rates for either Aboriginal or non-

Aboriginal babies over this time. However, as 

can be seen below in Figures 3.13 and 3.14, 

there have been increasing trends in both the 

rate differences and rate ratios. Further detail of 

these changes is presented in Appendix Table 

3.A.3. Also, when analysed by level of 

remoteness, only outer regional areas showed 

any reducing trend. This reduced from 9.4% in 

1994 to 5.2% in 2013. 

 

Figure 3.13 Annual rates of low 
birthweight of live born babies by 
Aboriginal status, NT, 1994–2013 

Figure 3.14 Annual rate differences and 
rate ratios of low birthweight by 
Aboriginal status, NT, 1994–2013 
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3.4.3 Perinatal mortality 

The perinatal mortality rates are universally 

used as a key indicator of the general health 

status and the quality of care delivered to 

pregnant women and newborn babies. Perinatal 

deaths include stillbirths and neonatal deaths 

(death of live born babies within 28 days of 

birth). These deaths are commonly associated 

with poor maternal health and inadequate 

health care during pregnancy, labour and birth 

and the early postnatal period (World Health 

Organization 2006). Other contributing factors 

include income-poverty, poor maternal 

nutritional intake, early onset of childbearing, 

high numbers of closely spaced pregnancies, 

poor hygiene or difficulties caring for the 

newborn.  

Figure 3.15 (below) and Table 3.A.1 in the 

Appendix presents perinatal mortality rates, 

including stillbirth and neonatal rates, and 

related trends by Aboriginal status. The rates for 

stillbirths, neonatal mortality, and perinatal 

mortality were calculated as numbers of deaths 

per 1,000 total births. 

In both Aboriginal and non-Aboriginal 

populations, the perinatal mortality rates 

(represented by the heights of each individual 

combined bars in Figure 3.13) did not show any 

significant trend over the 20-year study period 

(Ptrend=0.0585 and 0.0637, respectively). No 

significant trend was identified in the gap 

between the two rates either in terms of rate 

difference (Ptrend=0.279) or rate ratio 

(Ptrend=0.578). On average, the Aboriginal 

perinatal mortality rate was significantly higher 

than the non-Aboriginal rate by 12.5 per 1,000 

births (95% CI: 11.9-13.1, p<0.0005). The 

difference occurred in both components of this 

rate: the stillbirth rate was also significantly 

higher in the Aboriginal population by 6.2 per 

1,000 births (95%CI: 5.6-6.8, p<0.0005); and the 

neonatal mortality rates had an average 

difference of 6.3 per 1,000 births (95%CI: 5.7-

6.9, p<0.0005).

 

Figure 3.15 Rates of stillbirth, neonatal mortality and perinatal mortality by Aboriginal 

status, NT, 1993–2014 
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3.5 Hospitalisation 

Rates of hospitalisation of children are a useful 

indication of illness or injury not manageable at 

community-based primary health services. 

Hospitalisation statistics, such as the overall 

hospitalisation rate, the rate for conditions 

requiring intensive care and the average length 

of stay are commonly used as population-level 

indicators of the intensive health service needs 

of a population. These in turn may reflect the 

quality, effectiveness and availability of 

preventive public health programs and services 

(e.g. immunisation, nutrition and injury 

prevention) as well as primary care and regional 

differences in the social determinants of health. 

In this section we report trends in three key 

hospitalisation statistics for the study children in 

their first five years of life: hospitalisations 

involving any lengths of stay in the Intensive 

Care Unit (ICU); hospitalisations due to injuries,3 

and hospitalisations due to acute lower 

respiratory tract infections (ALRI).4 

3.5.1 Methods 

The hospitalisation dataset for this project was 

retrieved from the ‘NT Inpatient Activity’ data 

collection, which records hospitalisation data 

from the five public hospitals in the NT.5 These 

included a total of 73,206 hospitalisations 

recorded for 31,994 patients aged under five 

years between 2001 and 2013. Male patients 

(55.1%, 95%CI: 54.5~55.6%) accounted for a 

significantly higher proportion than female 

patients (44.9%, 95%CI: 44.4~45.5%). 

                                                           
3
 Hospitalisations where the principal diagnosis was 

in the ICD-10-AM range S00–T75 or T79 from Chapter 
XIX Injury, poisoning and certain other consequences 
of external causes. 
4
 ICD-10-AM range J10–J22 from Chapter X: Diseases 

of the respiratory system. 
5
 Data from the Darwin Private Hospital, the only 

private hospital in the NT, was not included. 

To calculate rates by calendar year, the time 

range of the data analysed was from 1 January 

2000 to 31 December 2013.  

These de-identified hospitalisation data include 

information on the admissions diagnoses, coded 

using the International Statistical Classification 

of Diseases and Related Health Problems, Tenth 

Revision, Australian Modification (ICD-10-AM). 

Hospitalisations unrelated to such conditions 

were excluded.6 The population data used for 

the calculation of hospitalisation rates was the 

2011 Census estimated resident population data 

for the 0–4 year age group in the NT (ABS 2012).  

Two types of annual hospitalisation rates were 

calculated: the all-episode rate, which uses all 

hospitalisation episodes as the numerator, and; 

the unique-person rate, which uses the number 

of unique persons identified in the dataset. Only 

hospitalisations where the patient’s age at the 

time of admission was under five years were 

included.   

3.5.2 Overall hospitalisation rates and 

frequencies 

As illustrated in Figure 3.16 (below), the 

hospitalisation rates of Aboriginal children aged 

under five years were 2.4–3.0 times higher than 

their non-Aboriginal counterparts and increased 

markedly between 2008 and 2013. However, the 

differences in unique-person hospitalisation 

rates were consistently smaller with the 

Aboriginal to non-Aboriginal ratio ranging 

between 1.4 and 1.8 in the years after 2002. 

                                                           
6 The ICD-10-AM categories not representing illness 

or injuries were: Z38: Live born infants according to 

place of birth and type of delivery (i.e. normal birth 

hospital care), and; Z76: Persons encountering health 

services in other circumstances (e.g. child 

accompanying mother’s hospitalisation)  
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Figure 3.16 All-episode and unique-person hospitalisation rates for the 0–4 year age 

group by Aboriginal status, NT, 2001–2013 

Importantly, the hospitalisation rates show a 

significant decreasing trend during the 13-year 

period for both Aboriginal and non-Aboriginal 

children aged under five years (chi-square for 

trend, p<0.0005).  

To investigate the reasons for the differences in 

all-episode and unique-person hospital 

separation rates, we calculated the number of 

hospitalisations per person for the individuals 

included in the numerators (i.e. including all 

hospitalisations for children when they were 

under five years of age). As can be seen in Figure 

3.16 (and detailed in Appendix Table 3.A.4), 

13.7% of non-Aboriginal children were 

hospitalised more than two times while in 

Aboriginal children the proportion was 2.8 times 

higher at 38.1%. In other words, Aboriginal 

children were almost three times as likely to be 

hospitalised three or more times during the first 

five years of their life than their non-Aboriginal 

counterparts (p<0.0005). The average number of 

hospitalisations was also significantly higher in 

Aboriginal children (2.81 vs 1.64, p<0.0005). The 

greater proportion of repeated admissions for 

Aboriginal children partly explains the 

differences in trends between populations. 

Figure 3.17 Distribution of the number of 
admissions for children ever admitted 
before age 5 years, by Aboriginal status, 
NT, 2001–2013 

Figure 3.18 Rates of intensive care unit 
hospitalisation of children before age 5 
years by Aboriginal status, NT, 2001–
2013 
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3.5.3 Hospitalisation requiring care in 

the intensive care unit 

The number and rate of hospitalisations 

involving a stay in the ICU among children aged 

under five years are presented in Figure 3.18 

(above) and Table 3.A.5 in the Appendix. These 

hospitalisation rates showed a significant 

decreasing trend for Aboriginal children 

(p<0.0005). Over the same period a non-

significant decrease was evident for non-

Aboriginal children. The rate difference 

decreased from 4.4 to 1.1 per 1,000 children 

between 2001 and 2013, while the rate ratio 

decreased by 48.1% (from 3.5 in 2001 to 1.8 in 

2013).  

3.5.4 Hospitalisation rates and 

frequency of admissions due to injury 

In Australia, Aboriginal children have been 

reported as more likely than non-Aboriginal 

children to be hospitalised for unintentional 

injury (Moller et al. 2015) and for all types of 

injuries (AIHW 2016). The number and rate of 

hospitalisations due to injuries among children 

aged under five years in the NT are summarised 

 

 

in Figure 3.23 and Table 3.A.6 in the Appendix. 

Both Aboriginal and non-Aboriginal rates 

showed an increasing trend over the 13-year 

period. The Aboriginal rate increased by 90.9% 

while the non-Aboriginal rate increased by 

28.1%. During the same period, the rate 

difference increased 3.5-fold (from 5.4 to 19.0 

per 1,000), while the rate ratio increased by 

nearly 50% (from 1.4 to 2.1). 

3.5.5 Hospitalisations due to acute 

lower respiratory tract infections 

(ALRI) 

Previous studies show that ALRIs are a major 

cause of paediatric morbidity in Aboriginal 

children (Carville et al. 2007; Burgner and 

Richmond 2005; Janu et al. 2014; O'Grady et al. 

2010); and the rates of severe pneumonia in 

hospitalised NT Aboriginal children are among 

the highest reported in the world (O'Grady, 

Torzillo, and Chang 2010). Our analysis shows 

that Aboriginal hospitalisation rates due to ALRI 

are substantially higher than the corresponding 

non-Aboriginal rates, although the difference is 

narrowing due to decreasing Aboriginal rates.

Figure 3.19 Rates of hospitalisation (per 1,000 population) due to injury for children 

aged 04 years by Aboriginal status, NT, 20012013 
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The numbers and rates of hospitalisations due 

to ALRIs among children aged under five years in 

the NT are summarised in Figure 3.20 (below) 

and Table 3.A.7 in the Appendix. While the non-

Aboriginal rate fluctuated between 11 and 20 

per 1,000 population, and showed no trend over 

the 13-year period, the Aboriginal rates showed 

an overall downward trend with a 26.7% 

decrease between 2001 and 2013. During the 

same period, the rate difference decreased by 

28.4% (from 117.4 to 84.0 per 1,000), while the 

rate ratio decreased by 12.8% (from 7.4 to 6.4). 

3.5.6 Length of hospital stay 

Data on the annual average length of stay (LOS) 

per hospitalisation episode is summarised in 

Figure 3.21 (below) and Table 3.A.8 in the 

Appendix. The average LOS trend decreased by 

16.2% in non-Aboriginal children and by 26.5% 

in Aboriginal children. The gap between the two 

rates is also narrowing: the rate difference 

decreased by 38.7%, while the rate ratio 

declined by 12.2%. 

 

Figure 3.20 Rates of hospitalisation due 
to acute lower respiratory tract infections 
for children 0–4 years by Aboriginal 
status, NT, 2001–2013 

Figure 3.21 Annual average length of stay 
per hospitalisation episode for children 0–
4 years by Aboriginal status, NT, 2001–
2013 

  
 

3.6 Early childhood 

development  

There is a growing body of evidence showing 

how children’s development from birth to 

around age five is crucial in laying the 

foundations for longer-term health, learning and 

socio-emotional wellbeing (Center on the 

Developing Child at Harvard University 2010; 

Moore 2006). The rate of brain growth during 

this period is more rapid than at any other stage 

in life, and it is also a time of increased 

sensitivity to environmental circumstances. This 

makes it a time of potential vulnerability to 

adverse influences, but also a time of greater 

opportunity for positive development (D'Angiulli 

et al. 2009; Hillemeier et al. 2011; Odd et al. 

2008; Quigley et al. 2012; Smithers et al. 2013; 

Stuart, Otterblad Olausson, and Kallen 2011). 

Furthermore, early childhood developmental 

outcomes are recognised as important markers 

of the welfare of children, and can predict future 

health and human capital. It is within this 

context the Council of Australian Governments 

(COAG) recognised the need for all communities 

to have information about early childhood 

development and initiated the development of 

the Australian Early Development Census (AEDC) 

(Australian Government 2013, 2015).  

The AEDC is designed to assess the 

developmental status of children early in their 

first year of full-time schooling, at around age 

five years. The AEDC involves a teacher rated 
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assessment of children’s competencies in five 

areas of development relevant to their 

transition into school learning. These include: a) 

physical health and wellbeing, b) social 

competence, c) emotional maturity, d) language 

and cognitive skills, and e) communication skills 

and general knowledge. Aggregate AEDC results 

can be used by communities, governments and 

policy makers to identify national, regional and 

community service needs, and to inform what 

resources and supports may be needed for 

children having the best possible start in school 

learning.   

The AEDC questionnaire is completed by 

teachers using a secure web-based data entry 

system. The recommended administration 

procedure for Aboriginal and Torres Strait 

Islander students is that this should, wherever 

possible, be made jointly by the child’s teacher 

in consultation with an Indigenous staff member 

as a cultural consultant.  

The AEDC checklists item scores are combined 

to determine a child’s domain score on each of 

the AEDC’s five domain scales. Domain scores 

can range from zero to ten. For each AEDC 

domain, these scores are used to define the 

numbers and proportions of children 

considered: 

a) developmentally on track – children 

having a domain score which is in the 

top 75% of the national AEDC 

population;   

b) developmentally at risk – children 

having a domain score between 10 and 

25 per cent of the national AEDC 

population, and;  

c) developmentally vulnerable – children 

who score below 10 per cent of the 

national AEDC population.  

Children categorised as ‘developmentally 

vulnerable’ are considered highly likely to 

experience some difficulty in making the 

transition into the school system and typically 

require ongoing additional learning support to 

achieve good long-term outcomes. These 

children do not only require additional support 

in the classroom, their families may also require 

external support in caring for and nurturing their 

children to achieve good developmental and 

learning outcomes.  

3.5.1 AEDC outcomes (2009 and 2012) 

In this section we describe the childhood 

development outcomes of NT born children as 

recorded in the 2009 and 2012 AEDC data 

collections. The 2015 AEDC data collection was 

not available at the time of data linkage.   

A total of 3,570 of the study cohort were 

assessed in 157 schools in the2009 AEDC data 

collection; and, in 3,457 students in 154 schools 

in the 2012 collection. Similar proportions of 

males and females were observed in both AEDC 

collections. A slightly higher proportion of 

Aboriginal students were included in the 2009 

collection (45.5% vs 40.2%). The proportion of 

students in the most disadvantaged quintile of 

SEIFA7 decreased from 42.7% to 29.8% between 

2009 and 2012.  

Other changes between these AEDC assessment 

years mostly concerned language-related items 

such as children having English as a second 

language (ESL) (43.1% vs 36.7%); speaking a 

language other than English at home changing 

from 42.4% to 37.7%; children identified by the 

school as having a language background other 

than English (LBOTE) (45.7% vs 40.1%).  

Full details of the demographic characteristics of 

the children assessed on the AEDC in 2009 and 

2012 are presented in Table 3.A.10 in the 

Appendix. 

                                                           
77

 SEIFA Index of Relative Socio-Economic 
Disadvantage. More information on this index is 
available at: 
http://www.abs.gov.au/websitedbs/censushome.nsf
/home/seifa 
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Table 3.1 AEDC outcomes by domain and developmental category, NT, 2009 and 2012 

Table 3.1 (above) details the numbers and 

percentages of NT children assessed as being 

developmentally ‘on track’, ‘at risk’, and 

‘vulnerable’ for each of the five AEDC domains in 

2009 and 2012. This reveals substantial 

differences in proportions of Aboriginal and non-

Aboriginal children considered to be 

‘developmentally vulnerable’ in both years. 

However, it is important to note that sizeable 

improvements in Aboriginal children’s AEDC 

developmental outcomes occurred between 

2009 and 2012. These jurisdictional-level 

improvements were the highest among all states 

and territories between these years (Australian 

Government 2013). 

Figure 3.22 (below) illustrates the findings from 

the analysis stratified by level of remoteness for 

these two years. This showed similar differences 

between outer regional areas and very remote 

areas for all five AEDC domains for both years. 

Of particular note are the substantial 

improvements in AEDC developmental 

outcomes between 2009 and 2012 among 

children in very remote areas. 

As the majority of Aboriginal children in the NT 

live in very remote areas, these findings come as 

no surprise. In both stratified analyses, the 

greatest improvement in Aboriginal children was 

found in the ‘communication skills and general 

knowledge’ domain, which comprises data items 

concerning pre-literacy competencies and basic 

knowledge relevant to school learning. 

In summary, there were encouraging 

improvements in the AEDC developmental 

profiles of Aboriginal students and students 

living in very remote areas between 2009 and 

2012. Despite these significant improvements, 

the overall levels of developmental vulnerability 

of Aboriginal students in the NT remain higher 

n % n % n %

2012 3,137 2,253 71.8 413 13.2 471 15.0

2009 3,210 2,062 64.2 497 15.5 651 20.3

2012 3,133 2,089 66.7 579 18.5 465 14.8

2009 3,203 1,984 61.9 598 18.7 621 19.4

2012 3,108 2,098 67.5 590 19 420 13.5

2009 3,174 1,998 63 653 20.6 523 16.5

2012 3,118 1,937 62.1 535 17.2 646 20.7

2009 3,179 1,780 56 575 18.1 824 25.9

2012 3,137 2,147 68.4 537 17.1 453 14.4

2009 3,212 1,976 61.5 575 17.9 661 20.6

Domain Year

Developmentally

on track

Developmentally

at risk

Developmentally 

vulnerableTotal

Physical health 

and wellbeing

Social 

competence

Emotional 

maturity 

Language and 

cognitive skills 

(school-based)

Communication 

skills and 

general 

knowledge 
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Figure 3.22 AEDC outcomes: proportion of children being developmentally vulnerable 
by AEDC domain and Aboriginal status, NT, 2009 and 2012 

   

 

than those of non-Aboriginal students in the NT 

as well as Aboriginal students in other Australian 

jurisdictions. These continuing high rates of 

developmental vulnerability have important 

implications for the way in which schools, and 

child and family services need to be tailored to 

meet the learning, language and family support 

needs of students and facilitate their successful 

transition into school learning. 

3.7 Discussion 

This chapter’s examination of time trends in NT 

children’s early life health and developmental 

outcomes highlights the extent and changing 

nature of disparities in the early life 

circumstances of Aboriginal and non-Aboriginal 

children. While these early life factors are 

known to be important in laying the foundation 

for children’s readiness for school learning and 

subsequent educational achievement, this is 

explored in more detail in later chapters of this 

publication. 

Understanding the population-level changes in 

the early determinants of educational and other 

life course outcomes can assist in identifying 

emerging service needs and leverage points 

where prevention and early intervention have 

the greatest potential to improve children’s 

trajectories of development.   

Some of the observed trends in these early life 

factors have implications for the NT’s population 

growth and sustainability, and will need to be 
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taken into account for policy planning and 

services to improve children’s longer-term 

health, capability and wellbeing. Documenting 

these trends can provide a baseline against 

which progress can be benchmarked.  

Live births and fertility rates: Birth rates are a 

key component of forward projections of 

population growth. For the NT, a healthy 

population growth is essential both politically 

and economically (Marks 2017). A small 

increasing trend in all NT births was evident 

between 2004 and 2013, with around 50 

additional births each year. However, over this 

period there was also a small, but significant, 

decreasing trend in Aboriginal births (average 

annual decrease of 1.7%). This, together with 

the recent trend in the TFR and age-specific 

fertility rates has implications for the 

sustainability of NT population, specifically, of 

Aboriginal population. While the TFR for non-

Aboriginal women followed an increasing trend 

of 1.2% per year, it is of concern that the TFR for 

Aboriginal women followed a decreasing trend 

such that by 2013 it was the lowest on record 

and close to the population replacement rate of 

2.1.  

The changes in the rates of births to mothers 

aged 20–34 years are of particular relevance to 

service planning as these births account for 

around two-thirds of Aboriginal births and 

three-quarters of non-Aboriginal births. At the 

same time, the decrease in teenage fertility 

rates for both non-Aboriginal and Aboriginal 

populations is encouraging as this reflects a 

reduction in teenage pregnancy. This may be 

attributable to increasing use of contraception 

in this age group and/or other factors.   

Understanding the main drivers of these 

changes warrants further investigation as they 

have far reaching implications for health and 

social policy. There are a number of possible 

health and non-health factors which may have 

played a causal role in the observed trends. For 

example, primary care services have long had 

policies and practices aimed at reducing teenage 

pregnancy which may account for decreasing 

trends in teenage pregnancy. However, it is also 

the case that the NT’s high rates of sexually 

transmitted infections (STIs) and repeated 

episodes of STI could also account for some of 

the reduction in fertility rates. Evidence 

confirming the former would be encouraging 

while evidence of the latter could have 

significant implications for population 

sustainability.  

Alcohol use in pregnancy: Also encouraging is a 

downward trend in the proportion of Aboriginal 

and non-Aboriginal mothers reporting alcohol 

consumption during pregnancy. However, 

alcohol consumption rates remain relatively high 

among Aboriginal mothers during pregnancy. 

Given the growing scientific, clinical and 

community understanding of Fetal Alcohol 

Spectrum Disorders (FASD), and recent evidence 

that this can also be associated with heavy pre-

conception alcohol consumption by both fathers 

and mothers (Day et al. 2016), there is a need 

for greater public health effort directed to 

alcohol control measures which reduce alcohol 

consumption more generally, as well as 

preventive health education regarding the risks 

associated with alcohol use in pregnancy. These 

could include primary health services developing 

health promotion initiatives tailored to their 

local community circumstances, and routine 

screening of pregnant women and women of 

reproductive age regarding their patterns of 

alcohol use. Where indicated, this can be an 

opportunity for preventive health education, 

brief counselling, or referral to an alcohol 

treatment service.   

Smoking in pregnancy: The proportion of 

mothers reporting they smoked during 

pregnancy has decreased on average over 

recent decades. For women in outer regional 

areas (e.g. Darwin area), smoking rates during 

pregnancy have declined from 26.0% in 1996 to 

14.7% in 2013. However, for women in remote 
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and very remote areas (predominantly 

Aboriginal) there was a significant upward trend 

on already high smoking rates. Of particular 

concern is that by 2013 around 50% of 

Aboriginal mothers giving birth reported they 

smoked before and after 20 weeks gestation. 

This confirms the relevance of recent national 

initiatives to address Indigenous smoking 

behaviour through community education or 

other preventive strategies (Australian 

Government Department of Health 2017).  

Although there was a decline in smoking during 

pregnancy for non-Aboriginal mothers, 10% 

were reported to be smoking in 2013, which is 

high in comparison with the national rates. 

Continued effort in public health interventions 

to reduce smoking during pregnancy among 

both Aboriginal and non-Aboriginal women is 

clearly required. 

Antenatal care: Health service investments to 

increase the proportion of women having their 

first antenatal visit in the first trimester appear 

to have resulted in significant increases in all 

subpopulations and levels of remoteness in the 

NT. However, it remains of concern that by 

2013, there were up to 40% of Aboriginal 

mothers who did not present for antenatal care 

in the first trimester, and up to 30% of these 

women attended less than seven antenatal visits 

during their pregnancy. Fewer antenatal visits 

mean fewer opportunities and lower likelihood 

for interventions that could be delivered to 

reduce health risks for both the mother and the 

fetus (such as smoking and alcohol consumption 

mentioned above).  

This points to the need for concerted public 

health effort to improve women’s access to 

antenatal care, to improve community 

understanding of its benefits, and to ensure 

resources are available to support women 

receiving the recommended levels of antenatal 

care- especially in remote and very remote 

areas. 

Preterm birth: The rate difference in the 

preterm births of Aboriginal and non-Aboriginal 

children ranged between 5% and 7% over the 

study period. This gap widened due to the rate 

of Aboriginal preterm births increasing from 

14.1% to 15.2% between 1996 and 2013 while 

the non-Aboriginal rate decreased from 7.1% to 

6.7% over the same period. Worsening trends in 

the rates of preterm birth for Aboriginal women 

in remote and very remote areas are 

concerning, given the increased risk which 

preterm birth can have for children’s 

subsequent health and development. This again 

highlights the importance of policy and service 

investments in maternal health and antenatal 

care in addressing known risks for preterm birth. 

Low birthweight: No significant trend was 

evident in the rate of LBW among either 

Aboriginal or non-Aboriginal babies over the 

study period. Results of stratified analyses by 

level of remoteness showed no significant 

trends in the rates of LBW for remote areas. 

However, for births to mothers residing in very 

remote areas, the rates of LBW showed a 

significant increasing trend with rates averaging 

5.8% higher than those for mothers living in 

outer regional areas. This further emphasises 

the importance of targeted and equitable public 

health interventions to improve maternal health 

and antenatal care in Aboriginal women and 

women living in very remote areas of the NT.  

Perinatal mortality: Aboriginal perinatal 

mortality rates were significantly higher than the 

non-Aboriginal rates (12.5 more deaths per 

1,000 births). Similar proportions of this 

difference were due to stillbirth and neonatal 

deaths (mortality rates in these categories were 

6.2 and 6.3 per 1,000 births higher respectively). 

These stand in contrast to much lower national 

rates. These findings are not surprising given the 

increasing trends in smoking rates described 

above. They also further highlight the ongoing 

need to improve the health and nutrition of 
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pregnant women and reduce their exposure to 

other known health risks in pregnancy.    

Hospitalisations: A key analytic innovation in 

this chapter was the investigation into reasons 

for the differences between all-episode 

hospitalisation rates and the more specific 

(unique-person) hospitalisation rates. This 

revealed encouraging trends in the unique-

person hospitalisation rates in both Aboriginal 

and non-Aboriginal children aged less than five 

years. The analysis showed the main factor 

contributing to the comparatively higher 

hospitalisation rates in Aboriginal children, was 

the significantly higher proportion of Aboriginal 

children experiencing repeated hospitalisations. 

Practice measures to reduce the number of 

repeated hospitalisations of young Aboriginal 

children (aged 0–4 years), may also facilitate 

better developmental outcomes by the time 

children commence school. This is explored 

further in Chapter 4.  

While the rates for more serious illnesses 

requiring intensive care decreased significantly, 

the rates of hospitalisation due to injuries 

among children aged less than five years 

increased significantly between 2001 and 2013, 

substantially more so for Aboriginal children. 

Over the same period, a significant reduction 

was evident in the rates of hospitalisation for 

acute lower respiratory infections (ALRI), again, 

more so for Aboriginal children. These 

reductions could indicate the cumulative impact 

of preventive public health programs (e.g. 

universal vaccination with pneumococcal 

vaccines, and programs to improve children’s 

nutrition) as well as the improved primary 

health care service delivery to this population. 

The higher rates of hospitalisation due to injury 

in Aboriginal children is consistent with other 

Australian studies, and highlights the need for 

public health interventions tailored to the NT 

population and remote community contexts.   

It is encouraging that the average Length of 

Hospital Stay (LOS) has decreased for both 

Aboriginal and non-Aboriginal children. Given 

the limited amount of literature on the impact 

of the length of hospital stay on childhood 

development, this factor has been included as a 

covariate in the investigations of possible 

determinants of developmental outcomes in 

early childhood reported in Chapter 4. 

Australian Early Development Census (AEDC): 

The gains in the AEDC developmental outcomes 

of NT Aboriginal students between 2009 and 

2012 are of particular note. These 

improvements were most pronounced among 

students in very remote NT areas. However, 

despite the overall improvements, the levels of 

developmental vulnerability of NT Aboriginal 

students remain much higher than those of their 

non-Aboriginal counterparts, as well as those of 

Aboriginal students in other states and 

territories. Evidence reported in later chapters 

of this publication is consistent with other 

Australian and international studies showing the 

extent to which children’s early development 

and readiness for school learning influences 

their academic progress.  

In conclusion, the early life trends reviewed in 

this chapter identify areas of progress and some 

significant emerging new trends. They highlight 

how significant disparities emerge very early in 

children’s lives and the appropriateness of the 

focus of NT’s new 10-year early childhood 

strategy, “Starting Early for a Better Future” on 

building across-government and community 

capacity for supporting healthy child 

development (Northern Territory Government 

2017). The trend data reported here could 

provide a baseline for monitoring progress and 

highlighting areas and population groups with 

the greatest capacity to benefit.   

As is evident from the way these trends have 

changed over time, most are clearly amenable 

to change. This highlights their suitability as 

areas for further targeted interventions by early 

child health services. 
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3.9 Appendices 

Table 3.A.1 Perinatal mortality, NT, 1994–2013 
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Table 3.A.2 Mean birthweight (grams) and 95% confidence interval  

by sex and Aboriginal status, NT, 1994–2013 

Category Non-Aboriginal Aboriginal p value 

Male 3,433.0 (3,425.4–3,440.5) 3,179.7 (3,168.7–3,190.7) <0.0005 

Female 3,301.3 (3,293.8–3,308.7) 3,070.0 (3,059.4–3,080.7) <0.0005 

Total 3,368.9 (3,363.6–3,374.3) 3,126.5 (3,118.8–3,134.2) <0.0005 

 

Table 3.A.3 Trend analysis of the rate of low birthweight and differences  

between Aboriginal and non-Aboriginal babies, NT, 1994–2013 

Item Aboriginal rate Non-Aboriginal rate Rate difference Rate ratio 

AAPC* 0.32 –0.87 1.25 1.22 

95%CI^ –0.2~0.8 –1.8~0.0 0.3~2.2 0.4~2.0 

p value 0.1978 0.0545 0.0094 0.0039 

* Average annual percentage change (unit=%) 

^ Confidence interval 

 

Table 3.A.4 Number of hospitalisations per person for the 0–4 year age group by 

Aboriginal status, NT, 2001–2013 

Number of 
hospitalisations 

Non-Aboriginal Aboriginal Total   

Persons % Persons % Persons % P value 

1 9,122 59.2 6,535 34.8 15,657 45.8 
 2 3,217 25.6 4,415 25.5 7,632 25.6 
 3 1,147 9.0 2,512 14.7 3,659 12.1 
 4-6 643 5.0 2,942 17.3 3,585 11.8 
 7-9 115 0.8 819 4.8 934 3.0 
 10+ 48 0.4 479 2.9 527 1.8 
 Total 14,292 

 
17,702 

 
31,994 

  Mean* 1.64 (1.62–1.67) 2.81 (2.77–2.85) 2.29 (2.26–2.31) <0.0005 

* Mean number of hospitalisations per person (95% CI)  
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Table 3.A.5 Numbers and rates (per 1,000 population) of hospitalisations involving a 
stay in the intensive care unit for the 0–4 year age group by Aboriginal status, NT, 
2001–2013 

Year 
Non-Aboriginal Aboriginal All 

Cases Rate Cases Rate Cases Rate 

2001 18 1.7 45 6.1 63 3.5 

2002 18 1.8 41 5.4 59 3.3 

2003 14 1.4 30 3.8 44 2.5 

2004 18 1.9 23 2.9 41 2.3 

2005 21 2.2 35 4.3 56 3.2 

2006 11 1.2 35 4.3 46 2.6 

2007 21 2.2 37 4.5 58 3.2 

2008 15 1.5 26 3.2 41 2.3 

2009 16 1.5 29 3.7 45 2.4 

2010 18 1.6 27 3.5 45 2.4 

2011 14 1.3 18 2.4 32 1.7 

2012 15 1.3 27 3.7 42 2.2 

2013 16 1.4 18 2.5 34 1.8 

 

 
Table 3.A.6 Numbers and rates (per 1,000 population) of hospitalisations due to 
injuries for children aged 0–4 years by Aboriginal status, NT, 2001–2013 

Year 
Non-Aboriginal Aboriginal All 

Cases Rate Cases Rate Cases Rate 

2001 144 13.7 142 19.1 286 15.9 

2002 146 14.2 160 21.0 306 17.1 

2003 149 15.0 161 20.6 310 17.5 

2004 126 13.0 175 21.9 301 17.1 

2005 143 15.0 182 22.4 325 18.4 

2006 159 17.0 196 23.9 355 20.2 

2007 148 15.3 192 23.5 340 19.0 

2008 161 16.0 198 24.5 359 19.8 

2009 180 16.9 216 27.3 396 21.3 

2010 175 15.8 252 32.7 427 22.7 

2011 160 14.4 233 31.4 393 21.3 

2012 177 15.4 257 35.2 434 23.1 

2013 207 17.5 264 36.5 471 24.7 
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Table 3.A.7 Numbers and rates (per 1,000 population) of hospitalisations due to acute 
lower respiratory tract infections for children aged 0–4 years by Aboriginal status, NT, 
2001–2013  

Year 
Non-Aboriginal Aboriginal All 

Cases Rate Cases Rate Cases Rate 

2001 194 18.4 1,009 135.8 1,203 67.0 

2002 168 16.4 1,002 131.7 1,170 65.5 

2003 152 15.3 1,023 131.1 1,175 66.3 

2004 115 11.9 867 108.6 982 55.7 

2005 162 17.0 859 105.6 1,021 57.9 

2006 125 13.4 799 97.3 924 52.6 

2007 150 15.5 871 106.5 1,021 57.2 

2008 184 18.3 822 101.7 1,006 55.4 

2009 185 17.4 819 103.4 1,004 54.1 

2010 174 15.7 947 123.0 1,121 59.7 

2011 230 20.8 909 122.6 1,139 61.6 

2012 182 15.8 800 109.7 982 52.3 

2013 183 15.5 720 99.5 903 47.4 

 

Table 3.A.9 Annual average length of stay per hospitalisation episode for children 
aged 0–4 years by Aboriginal status, NT, 2001–2013 

Year Non-Aboriginal Aboriginal All Difference Ratio 

2001 3.7 6.8 5.8 3.1 1.8 

2002 3.9 7.0 6.0 3.1 1.8 

2003 4.0 7.0 6.1 3.0 1.8 

2004 4.0 6.9 6.0 2.9 1.7 

2005 4.2 6.6 5.9 2.4 1.6 

2006 3.8 6.7 5.8 2.9 1.8 

2007 4.0 6.2 5.5 2.2 1.6 

2008 4.0 5.8 5.2 1.8 1.5 

2009 3.9 5.7 5.1 1.8 1.5 

2010 3.9 5.5 5.0 1.6 1.4 

2011 3.7 5.3 4.8 1.6 1.4 

2012 3.3 5.5 4.7 2.2 1.7 

2013 3.1 5.0 4.3 1.9 1.6 

Total 3.8 6.2 5.4 2.4 1.6 

95%CI 3.7–3.9 6.0–6.3 5.3–5.5     
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Table 3.A.10 Demographic characteristics of NT born students assessed in the 2009 

and 2012 AEDC collections 

 

* These are separate categories, i.e. not mutually exclusive. 

^ Data missing in 1,928 (54.0%) records in 2009; none missing in 2012 

 

Category

Number of children

Schools contributing to the results

Census completed by an Indigenous teacher

Mean Age

Number % of all Number % of all

Male 1790 50.1% 1788 51.7%

Female 1780 49.9% 1669 48.3%

Aboriginal 1623 45.5% 1388 40.2%

Non-Aboriginal 1947 54.5% 2069 59.8%

Quintile 1 (most disadvantaged) 1526 42.7% 1029 29.8%

Quintile 2 253 7.1% 273 7.9%

Quintile 3 613 17.2% 491 14.2%

Quintile 4 749 21.0% 1068 30.9%

Quintile 5 (least disadvantaged) 429 12.0% 596 17.2%

Outer Regional 1633 45.7% 1845 53.4%

Remote 538 15.1% 554 16.0%

Very Remote 1343 37.6% 1003 29.0%

Census completed by an Indigenous teacher^ 320 9.0% 287 8.3%

Born outside of Austrlia 158 4.4% 256 7.4%

Has English as a second language 1537 43.1% 1270 36.7%

Speaks a language other than English at home 1513 42.4% 1304 37.7%

LBOTE 1631 45.7% 1386 40.1%

With special needs 156 4.4% 184 5.3%

Sex

Aboriginal status

Other characteristics*

Remoteness

Relative socio-economic disadvantage of community where chidren live

5 years 5 months

154

5 years 5 months

2009 2012

3570 3457

157

320 287
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Table 3.A.11 AEDC outcomes: Physical health and wellbeing domain, NT, 2009 and 
2012 

 

* These are separate categories, thus not mutually exclusive. 

 

 
Table 3.A.12 AEDC outcomes: Social competence domain, NT, 2009 and 2012 

 

* These are separate categories, thus not mutually exclusive. 

 

 

2009 2012 2009 2012 2009 2012 2009 2012

Overall Northern Territory 3210 3137 64.2 71.8 15.5 13.2 20.3 15.0

Male 1578 1578 59.5 67.1 17.6 14.9 22.9 18.1

Female 1632 1559 68.8 76.7 13.5 11.4 17.7 11.9

Aboriginal 1365 1177 44.1 57.0 20.2 16.7 35.8 26.3

Non-Aboriginal 1845 1960 79.1 80.7 12.0 11.0 8.8 8.3

Quintile 1 (most 

disadvantaged)
1292 851 46.2 55.5 20.1 18.5 33.8 26.1

Quintile 2 235 248 66.8 62.5 12.3 10.9 20.9 26.6

Quintile 3 568 456 79.1 78.1 10.7 11.8 10.2 10.1

Quintile 4 704 1014 74.2 78.6 13.6 11.5 12.2 9.9

Quintile 5 (least 

disadvantaged)
411 568 82.0 83.3 12.7 10.2 5.4 6.5

Outer Regional 1534 1739 76.7 79.3 12.7 10.8 10.7 10.0

Remote 561 583 70.6 69.1 12.3 13.6 17.1 17.3

Very Remote 1115 815 44.0 57.8 21.0 18.0 35.1 24.2

Speaks a language 

other than English at 

home

1273

1108 47.5 59.0 18.2 16.3 34.3 24.7

English as second 

language
1292

1068 45.3 57.7 19.2 16.4 35.5 25.9

LBOTE 1381 1176 47.6 59.4 18.6 16.2 33.8 24.4

Number of children
Developmentally

on track (%)

Developmentally

at risk (%)

Developmentally 

vulnerable (%)

Language 

background*

Remoteness

Category Subcategory

Relative 

socio-

economic 

disadvantage

Sex

Aboriginal 

status

2009 2012 2009 2012 2009 2012 2009 2012

Overall Northern Territory 3203 3133 61.9 66.7 18.7 18.5 19.4 14.8

Male 1576 1577 54.3 59.7 20.8 21.1 24.9 19.2

Female 1627 1556 69.3 73.8 16.7 15.8 14.0 10.4

Aboriginal 1358 1174 43.6 50.3 22.6 25.1 33.8 24.5

Non-Aboriginal 1845 1959 75.5 76.5 15.8 14.5 8.8 9.0

Quintile 1 (most 

disadvantaged)
1286 849 45.3 48.4 23.4 27.2 31.3 24.4

Quintile 2 235 247 67.2 57.5 14.0 18.2 18.7 24.3

Quintile 3 567 456 73.7 74.8 16.1 13.8 10.2 11.4

Quintile 4 704 1013 70.6 73.8 16.3 16.2 13.1 10.0

Quintile 5 (least 

disadvantaged)
411 568 80.1 78.7 14.1 13.4 5.8 7.9

Outer Regional 1533 1738 73.5 73.7 15.3 15.4 11.2 11.0

Remote 561 582 67.2 69.2 18.9 16.8 13.9 13.9

Very Remote 1109 813 43.3 49.9 23.3 26.3 33.5 23.7

Speaks a language 

other than English at 

home

1267 1107 44.0 53.8 22.8 22.9 33.2 23.3

English as second 

language
1285 1067 43.4 52.2 23.1 23.6 33.5 24.2

LBOTE 1374 1175 45.1 54.3 22.6 22.5 32.4 23.2

Relative socio-

economic 

disadvantage

Remoteness

Sex

Aboriginal 

status

Language 

background*

Developmentally 

vulnerable (%)Category Subcategory
Number of children

Developmentally

on track (%)

Developmentally

at risk (%)
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Table 3.A.13 AEDC outcomes: Emotional maturity domain, NT, 2009 and 2012 

 

* These are separate categories, thus not mutually exclusive. 

 

 

Table 3.A.14 AEDC outcomes: Language and cognitive skills domain, NT, 2009 and 
2012 

 
* These are separate categories, thus not mutually exclusive. 

 

2009 2012 2009 2012 2009 2012 2009 2012

Overall Northern Territory 3174 3108 63.0 67.5 20.6 19.0 16.5 13.5

Male 839 906 53.8 58.1 23.1 23.4 23.1 18.5

Female 1159 1192 71.8 77.0 18.2 14.6 10.0 8.5

Aboriginal 1333 1160 43.1 51.5 29.6 25.4 27.2 23.1

Non-Aboriginal 1841 1948 77.3 77.1 14.0 15.1 8.7 7.8

Quintile 1 (most 

disadvantaged)
1259 829 45.0 50.2 28.7 24.4 26.4 25.5

Quintile 2 234 245 69.2 60.8 16.2 22.5 14.5 16.7

Quintile 3 567 455 74.8 71.2 16.1 18.5 9.2 10.3

Quintile 4 703 1011 72.0 76.4 16.4 14.8 11.7 8.8

Quintile 5 (least 

disadvantaged)
411 568 82.7 76.9 11.7 17.4 5.6 5.6

Outer Regional 1532 1735 76.3 74.6 14.6 17.4 9.1 8.0

Remote 560 580 66.3 70.7 19.6 17.1 14.1 12.2

Very Remote 1082 793 42.3 49.7 29.5 23.8 28.2 26.5

Speaks a language 

other than English at 

home

1243 1093 45.3 53.5 28.6 24.6 26.1 21.9

English as second 

language
1260 1052 44.0 51.7 29.4 25.3 26.7 23.0

LBOTE 1349 1160 46.0 54.1 28.2 24.5 25.8 21.4

Developmentally 

vulnerable (%)Category Subcategory
Number of children

Developmentally

on track (%)

Developmentally

at risk (%)

Relative socio-

economic 

disadvantage

Remoteness

Sex

Aboriginal 

status

Language 

background*

2009 2012 2009 2012 2009 2012 2009 2012

Overall Northern Territory 3179 3118 56.0 62.1 18.1 17.2 25.9 20.7

Male 1566 1570 49.6 57.6 19.4 19.0 31.0 23.4

Female 1613 1548 62.2 66.7 16.8 15.3 21.0 18.0

Aboriginal 1357 1172 25.4 32.7 24.4 25.0 50.2 42.3

Non-Aboriginal 1822 1946 78.8 79.9 13.4 12.4 7.9 7.7

Quintile 1 (most 

disadvantaged)
1285 848 32.1 31.3 23.0 24.5 44.9 44.2

Quintile 2 234 248 53.9 62.5 18.0 14.1 28.2 23.4

Quintile 3 559 452 72.3 72.1 12.5 15.5 15.2 12.4

Quintile 4 691 1006 71.1 73.6 17.8 14.7 11.1 11.7

Quintile 5 (least 

disadvantaged)
410 564 84.4 80.0 11.0 13.1 4.6 6.9

Outer Regional 1522 1729 74.6 76.4 14.9 13.9 10.5 9.7

Remote 549 577 63.2 61.7 17.1 17.7 19.7 20.6

Very Remote 1108 812 26.9 32.0 22.9 23.7 50.2 44.3

Speaks a language 

other than English at 

home

1264 1103 27.5 37.6 22.9 21.2 49.7 41.2

English as second 

language
1284 1062 24.5 34.5 23.3 22.4 52.2 43.1

LBOTE 1372 1170 27.6 38.2 22.7 21.5 49.6 40.3

Relative socio-

economic 

disadvantage

Remoteness

Sex

Aboriginal 

status

Language 

background*

Developmentally 

vulnerable (%)Category Subcategory
Number of children

Developmentally on 

track (%)

Developmentally at 

risk (%)
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Table 3.A.15 AEDC outcomes: Communication skills and general knowledge domain, 
NT, 2009 and 2012 

 
* These are separate categories, thus not mutually exclusive.

2009 2012 2009 2012 2009 2012 2009 2012

Overall Northern Territory 3212 3137 61.5 68.4 17.9 17.1 20.6 14.4

Male 1578 1579 57.0 64.0 18.6 18.9 24.5 17.2

Female 1634 1558 65.9 73.0 17.3 15.3 16.8 11.7

Aboriginal 1367 1177 37.8 50.1 23.1 23.4 39.1 26.5

Non-Aboriginal 1845 1960 79.1 79.4 14.0 13.4 6.9 7.2

Quintile 1 (most 

disadvantaged)
1295 852 41.0 49.8 21.4 22.0 37.6 28.3

Quintile 2 235 248 66.0 63.7 19.2 18.2 14.9 18.2

Quintile 3 568 456 73.4 75.4 16.0 14.9 10.6 9.7

Quintile 4 704 1013 74.4 77.3 17.6 14.5 8.0 8.2

Quintile 5 (least 

disadvantaged)
410 568 85.1 77.1 9.3 15.9 5.6 7.0

Outer Regional 1533 1737 77.2 75.9 14.2 14.5 8.7 9.6

Remote 561 584 67.9 68.7 19.6 20.2 12.5 11.1

Very Remote 1118 816 36.9 52.3 22.2 20.5 41.0 27.2

Speaks a language 

other than English at 

home

1273 1107 34.8 48.2 25.4 23.0 39.8 28.8

English as second 

language
1294 1.67 32.6 45.1 25.4 24.7 42.0 30.2

LBOTE 1382 1175 35.2 48.4 25.0 23.3 39.8 28.3

Sex

Aboriginal 

status

Relative socio-

economic 

disadvantage

Remoteness

Language 

background*

Category Subcategory
Number of children

Developmentally on 

track (%)

Developmentally at 

risk (%)

Developmentally 

vulnerable (%)
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4. Early life factors associated with childhood development 

Jiunn-Yih Su, Sven Silburn, Steven Guthridge and Vincent He  

Chapter overview 

This chapter builds on the research literature regarding early life factors shaping children’s 
developmental outcomes and extends the analysis of Northern Territory (NT) children’s outcomes 
on the Australian Early Development Census (AEDC) reported in Chapter 3. Using linked individual-
level data extracted from NT Government administrative datasets, we examine how children’s 
developmental status at the time of their entry to full-time schooling is associated with their early 
life health, demographic and socioeconomic circumstances.  

To take account of NT children’s widely differing living circumstances and geographic distribution, 
these analyses have been stratified by Aboriginal status and geographic location (where the data 
permits). Our methodological approach has a focus on understanding the factors associated with 
children being developmentally ‘on track’, as well as identifying factors associated with 
developmental ‘vulnerability’ and ‘risk’.  

Given the clear observed association between socioeconomic status (SES) and children’s AEDC 
outcomes, we were also interested in investigating exceptions to such associations. This involved 
identifying communities where child development results were better than would be expected 
based on their socioeconomic status. Identifying such communities is important for what can be 
learned from their experience in enabling children to achieve better developmental outcomes.   

The findings provide NT relevant evidence which can be used to strengthen existing policies and 
programs aimed at improving early childhood development. They can also be used in the design and 
implementation of new universal and targeted interventions which maximise positive 
developmental determinants and further enhance their effect given the NT’s population and 
community circumstances. 

 

4.1 Introduction 

Early childhood is a crucial stage of life during 

which the foundations of all future health, 

learning and behaviour are established. It is a 

period of increased sensitivity to biological and 

social environmental circumstances. This is 

evident in the substantial research literature 

showing the extent to which adverse 

experiences early in life influence the course of 

development and long-term outcomes in health, 

capability and wellbeing (Centre on the 

developing child 2010; Moore 2006; Hertzman 

and Williams 2009). At the same time, there is a 

rapidly growing body of research describing how 

early childhood is also a time of increased 

opportunity for life-long benefits from positive 

child rearing and early learning experiences 

(D'Angiulli et al. 2009; Hillemeier et al. 2011; 

Quigley et al. 2012; Smithers et al. 2013; Odd et 

al. 2008; Stuart, Olausson, and Källen 2011). 

This chapter builds on this literature and reports 

findings from analyses of linked individual-level 

data extracted from NT Government 

administrative datasets. We examine how 

children’s developmental status at the time of 

their entry to full-time schooling is associated 

with their earlier health, demographic and 

socioeconomic circumstances. As detailed 

earlier in Chapter 3, Australia conducts a cross-

sectional national census of children’s early 

childhood development every three years 

through the AEDC program. The AEDC involves 

teachers systematically assessing children across 
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five areas of early development known to be 

associated with readiness for school learning. 

The AEDC provides communities with 

information about how children in their 

community have developed up to the time they 

begin full-time school—at around age five years. 

AEDC data on children’s developmental 

outcomes are also used to inform policy making 

and service planning to improve the 

developmental outcomes of Australian children 

(Goldfeld et al. 2009). The AEDC was first 

implemented in 2009 as the Australian Early 

Development Index (AEDI, renamed as AEDC in 

July 2014) and repeated in 2012 and 2015 as 

one of the Council of Australian Government’s 

social progress indicators (Guthridge et al. 2016; 

Australian Government Department of 

Education and Training 2015). The AEDC data 

analysed and reported in this chapter are 

confined to those collected in NT schools in 

2009 and 2012 as the 2015 data were not yet 

available for this linkage study. 

While it is important for communities and policy 

makers to have an understanding of the factors 

associated with children being developmentally 

on track (i.e. having AEDC scores in the top 75% 

of the national AEDC population), it is equally 

important to know about children whose AEDC 

scores are in the developmentally at-risk range 

(i.e. scores between the 10th and 25th 

percentile of the national AEDC population), and 

those who score in the developmentally 

vulnerable range (i.e. scores below the 10th 

percentile of the national AEDC population). 

Children who score in the developmentally at-

risk range are likely to experience considerable 

difficulty progressing in their school learning 

without some additional learning support. 

Children scoring in the developmentally 

vulnerable range are also typically assessed as 

needing special learning and/or language 

support. The AEDC’s capacity to identify children 

with additional support needs is important for 

ensuring that such support can be provided as 

early as possible. It is also important for school 

development planning and resource allocation 

to ensure that schools are ‘ready’ to meet the 

identified needs of their school entry student 

cohorts (Brinkman et al. 2012; Lynch et al. 2010; 

Chittleborough et al. 2016). 

The chapter reports findings from a series of 

analyses investigating how early childhood 

health and sociodemographic factors are 

associated with AEDC developmental outcomes. 

In addition to examining outcomes in terms of 

developmental vulnerability in one or more 

AEDC domains, this analysis also investigates 

factors that facilitate positive developmental 

outcomes (Falster et al. 2015). The chapter also 

includes an analysis to identify communities in 

which children’s AEDC developmental outcomes 

are better than would be predicted by their 

socioeconomic circumstances.   

4.2 Analysis methods 

A life-course, eco-epidemiological analytic 

framework is used in examining the way in 

which individual socioeconomic and 

demographic characteristics, health conditions 

and hospital incidents are associated with AEDC 

early childhood development as the outcome of 

interest. In line with the study’s overall 

methodological approach (described in Chapters 

1 and 2), we have sought to achieve a more 

comprehensive understanding of how these 

associations may differ for Aboriginal and non-

Aboriginal children and between different 

geographical areas of the NT.  

For these reasons, univariate and multivariate 

data analysis was conducted for the selected 

cohort as a whole, and then stratified by 

Aboriginal status separately. This stratification is 

important as it allows different predictors of the 

outcome to be identified for each of the two 

subpopulations. The three Australian Bureau of 

Statistics (ABS) area categorisations of 

remoteness (out of five categories) which apply 
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in the NT (i.e. outer regional, remote and very 

remote) have been included as a factorial 

covariate in the analyses to differentiate the 

effects of remoteness on the examined 

outcomes. However, no more localised levels of 

remoteness were stratified in the analyses due 

to the concern that such stratification could lead 

to very small numbers of children in some 

categories, and the inclusion of multiple 

categorical variables in the regression models. 

The interpretation of results and discussion of 

their policy and practice implications has been 

contextualised to the NT context, and 

consideration given to other possible 

determinants or moderating factors, not 

included in the analyses. The limitations and 

implications of the study findings are discussed 

to provide readers with other information 

relevant to the interpretation of the findings. 

This has been enabled by the involvement of NT 

Aboriginal organisations and Aboriginal 

researchers in the overall research process, from 

the initial study design to the interpretation and 

reporting of findings. 

4.2.1 Data sources and study cohort 

selection 

The administrative datasets were 

probabilistically linked by the SA NT Data 

Linkage Unit to create a unique linkage key for 

each child across all datasets; de-identified 

individual datasets with relevant variables were 

then retrieved with the linkage key by 

responsible agencies and provided for analyses 

in this chapter (details about this process are 

described in more detail in Chapter 2). They 

included the AEDC 2009 and 2012 datasets, the 

NT Perinatal dataset, the NT Hospitalisation 

dataset, and the NT Government schools School 

Enrolment Information dataset. Also included in 

the analysis were community-level data on 

socioeconomic disadvantages and level of 

accessibility/remoteness (described in section 

4.2.3) from the ABS. 

The analysis cohort comprised NT children 

enrolled in their first year of full-time schooling 

in NT schools who were assessed as part of the 

AEDC national program in 2009 and 2012. Most 

of these students were aged 5 years at the time 

of their assessment but the age distribution 

ranged from 4 to 6 years. Given that four 

separate administrative datasets were linked for 

the analysis, children not represented in all four 

datasets were excluded from the analysis 

cohort. The cohort selection process started 

with the full AEDC dataset for the NT (n = 7,027 

children). Children known to the school as 

having special needs requiring special assistance 

based on medical diagnoses were excluded from 

the analysis (n = 340) as they were not eligible 

for assessment on the AEDC domain score 

checklists (Australian Government Department 

of Education and Training 2016; Guthridge et al. 

2016). 

4.2.2 Outcome measures 

The two main outcomes of interest examined 

were a) the dichotomous AEDC variable 

‘developmentally on track in all five domains’ 

(‘ontrack5’), and b) ‘developmental vulnerability 

in one or more domains’ (‘dv1’). The first 

variable records whether a child received on 

track results on all five AEDC domains; a positive 

value in this variable indicates that the child was 

developmentally on track as assessed with the 

AEDC. The second variable records whether a 

child received ‘vulnerable’ results on one or 

more of the five AEDC domains; a positive value 

in this variable indicates that the child was 

assessed as being developmentally vulnerable in 

at least one domain with the AEDC. At the 

population level, these variables have been 

widely used as a population-level measure of 

child development for comparisons across 

communities, population groups and geographic 

regions (Australian Government Department of 

Education and Training 2015; Brinkman et al. 

2012; Chittleborough et al. 2016; Falster et al. 

2015; Guthridge et al. 2016; Lynch et al. 2010). 
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4.2.3 Covariates 

Perinatal and maternal health covariates 

We selected two groups of covariates from the 

Perinatal dataset based on the literature 

regarding their potential developmental 

influence. The first group comprised nine 

perinatal variables describing prenatal maternal 

health issues. These included drinking alcohol 

and smoking, fewer than seven antenatal health 

care visits, existing or pregnancy-induced 

hypertension and diabetes, sexually transmitted 

infection, teenage pregnancy (< 20 years), parity 

and plurality (twin birth). The second group 

concerned the perinatal health of the child and 

included those for antepartum haemorrhage, 

emergency caesarean section (CS), fetal distress, 

APGAR score at 5 minutes < 7, whether 

resuscitated at birth, low birthweight 

(< 2,500 grams), preterm birth (gestational age 

< 37 weeks), preterm categories (very preterm 

(< 34 weeks), preterm (34–36 weeks) and term 

(> 37 weeks)), admission to special care nursery, 

and long hospital stay at birth (longer than the 

90th percentile—9 days for all children, 7 and 10 

days for non-Aboriginal and Aboriginal children, 

respectively). 

Hospitalisation covariates  

For childhood hospitalisations, we only included 

hospitalisations of children that occurred up to 

the time when the AEDC was administered. 

Hospitalisations with the ICD-10 principal 

diagnosis codes not representing health 

conditions requiring hospitalisation were 

excluded (e.g. the code Z38 represent live born 

infants admitted following normal birth, and Z76 

indicates the child was admitted as 

accompanying boarders). The impact of 

hospitalisation due to infection on child 

development was investigated by creating a 

variable for ‘hospitalisation due to infection’ by 

identifying those records bearing the ICD-10 

codes listed in Table 4.1 as the principal 

diagnosis. For both covariates for all 

hospitalisations and hospitalisations due to 

infection, we counted the number of 

hospitalisations and the total length of hospital 

stay (excluding leave days). 

Table 4.1 Selected ICD-10 codes for 

identifying hospitalisations due to 

infection 

ICD-10 
codes 

Infectious diseases 

A00-B99 Certain infectious and parasitic diseases 

G00 Bacterial meningitis, not elsewhere classified 

G01 Meningitis in bacterial diseases classified elsewhere 
G02 Meningitis in other infectious and parasitic diseases 

classified elsewhere 

G03 Meningitis due to other and unspecified causes 

G04 Encephalitis, myelitis and encephalomyelitis 

H10 Conjunctivitis 

H65, 66 Otitis media 

J00-11 Upper respiratory tract infections 

J12-22, J40 Lower respiratory tract infections 

L00 Staphylococcal scalded skin syndrome 

L01 Impetigo 

L02 Cutaneous abscess, furuncle and carbuncle 

L03 Cellulitis and acute lymphangitis 

 

Socioeconomic and other covariates  

Data on the ABS Index of Relative Socio-

Economic Disadvantage (IRSD) were available 

for each child’s community of residence. The 

IRSD is one of the Socio-Economic Indexes for 

Areas (SEIFA) (2011 version) and is a measure of 

relative disadvantage that summarises a range 

of census information about the economic and 

social conditions of people and households 

within an area. We reduced the number of its 

categories by transforming the original decile 

data into quintiles to facilitate data analysis and 

interpretation, considering the comparatively 

small size of the NT population. 

Geographic remoteness was categorised using 

ABS data on the Accessibility/Remoteness Index 

of Australia (ARIA+) Index for the NT. All suburbs 

and communities in the NT fall within just three 

of the five ARIA+ categories: outer regional, 

remote and very remote. This index provides 

indications on the level of accessibility and 
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remoteness of the residential location of the 

children included in the study. Community-level 

data from Census 2011 on housing and bedroom 

occupancy were also included as covariates for 

the level of crowdedness in living conditions. 

These covariates were linked to the study 

dataset using the statistical local area (SLA) 

variable. 

As there is evidence that early childhood 

education factors such as engagement with 

preschool programs (Goldfeld et al. 2016), and 

socioeconomic factors such as parental 

education attainment (Dickson, Gregg and 

Robinson 2013) and employment status are 

associated with child developmental outcomes 

(Bradley and Corwyn 2002), we had included 

relevant variables about these factors from the 

School Enrolment Information dataset as 

covariates in the analysis. Specifically, the 

covariates used were: ‘whether attended 

preschool’, ‘employment status of the primary 

caregiver’, and ‘whether the primary caregiver 

had finished school or not’. These covariates 

were retrieved and linked to other datasets 

through the linkage keys for individual children. 

A detailed description of these variables and 

how they were derived is provided in Chapter 5. 

4.2.4 Statistical analysis 

The statistical analyses and logistic regression 

model building were performed in three steps. 

First, descriptive statistics of covariates in 

relation to the outcome measure were 

calculated and the level of missing data 

determined. Next, univariate logistic regression 

was conducted to investigate the unadjusted 

association between each covariate and the 

outcome measure; after that, the multivariate 

model building was started by including all 

covariates with unadjusted p < 0.25 (from the 

Wald chi-square test of the univariate logistic 

regression) into a full model for multivariate 

logistic regression (Bendel and Afifi 1977; 

Mickey and Greenland 1989; Bursac et al. 2008). 

Covariates with adjusted p ≥ 0.05 were then 

removed from the model one at a time to 

progressively optimise it to achieve the most 

parsimonious model. The following covariates 

were retained throughout the model building 

process, either because they were deemed as 

significant covariates, or, to control for 

confounding: gender, Aboriginal status, age at 

AEDC, and the IRSD and ARIA+ indexes. Finally, 

possible interactions between related covariates 

were also tested. Statistical significance for all 

analyses was set at p < 0.05. All statistical 

analyses were conducted using Stata for 

Windows, Version 14 (StataCorp 2015). Missing 

data at the variable level affected the number of 

children available for the regression model 

building. The level of missing data and how they 

were managed in the statistical analyses were 

reported under each outcome measure. 

4.3 Early life factors associated 

with developmental vulnerability 

4.3.1. Analysis methodology  

The analysis cohort initially consisted of all NT 

children assessed in the two cycles of AEDC that 

were examined (2009 and 2012, n = 7,027). In 

order to select the analysis cohort of children 

who were eligible for AEDC and also represented 

in all four datasets, the following cohort 

selection process was performed:  

1. Children with special needs were 

excluded as they were not eligible for 

AEDC assessment (n = 340). 

2. Children with missing data for the 

variable ‘dv1’ were excluded (n = 395). 

3. Children from the AEDC dataset who 

could not be matched to any records in 

the Perinatal dataset were excluded (n = 

1,868), leaving a total of 4,424 children 

remaining in the merged dataset. 

4. After merging this combined dataset 

with the School Enrolment Information 

dataset, we found 794 children from the 
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AEDC dataset who could not be 

matched, leaving 3,630 children 

available for analysis. 

5. The further merging process with the 

Hospitalisation dataset revealed that all 

children remaining in the combined 

dataset were represented in the 

Hospitalisation dataset (n = 3,630). 

6. The data collection for some covariates 

from the Perinatal, Hospital and School 

Enrolment Information datasets was not 

complete. Hence, we reported the levels 

of variable-level missing data for each 

covariate together with univariate 

analysis results. 

 

In conducting logistic regression, the category of 

the selected covariates least likely to be 

associated with developmental vulnerability was 

used as the reference category. The analysis was 

first performed with data for all children (with 

Aboriginal status retained as a covariate in the 

model); then the analysis stratified by Aboriginal 

status was performed with the results reported 

separately for non-Aboriginal and Aboriginal 

children. 

4.3.2. Results 

All children 

After excluding children who were not unit-

record linked in all four of the included 

administrative datasets, a total of 3,603 children 

were available for analysis. During the univariate 

logistic regression analysis, only three out of the 

total of 33 covariates produced unadjusted p 

value > 0.25 (antepartum haemorrhage, 

emergent CS and fetal distress). We included the 

remaining 27 covariates in the model building 

process using multivariate logistic regression. A 

total of 13 covariates remained in the final 

parsimonious model, including the five 

deliberately retained ones (see Table 4.2 below 

and also Table 4.A.1 in the Appendix).  

Notably, none of the perinatal factors showed 

significant associations with the outcome 

measure in the final model. After controlling for 

all other covariates in the final model, Aboriginal 

status was not significantly associated with the 

outcome measure, i.e. developmental 

vulnerability (adjusted p = 0.057). As in other 

studies, male gender was strongly associated 

with developmental vulnerability: the odds for 

being developmentally vulnerable at age 5 were 

more than two times higher in boys than in girls. 

The age of child at the time of AEDC also 

showed significant associations: compared with 

the age group of 5.5–6 years, children in all 

other age groups were more likely to yield 

vulnerable results, especially the age group of 

> 6 years (adjusted odds ratio: 2.28). 

Among maternal factors, ‘teenage mother’, 

‘maternal diabetes’, ‘smoking during pregnancy’ 

and ‘antenatal visit < 7 times’ were significant 

predictors for developmental vulnerability. With 

regard to hospitalisation before the age of 5 

years, it was the number, but not the length, of 

hospitalisations that was significantly associated 

with developmental vulnerability. 

The covariate ‘did not attend preschool’ did not 

show significant association with the outcome 

measure, but the primary caregiver’s 

unemployed status and status of not finishing 

school were both strong predictors for the 

outcome. For the IRSD (or SEIFA index of 

disadvantage), only the two most disadvantaged 

quintiles produced significant associations. 

Neither of the two more remote levels of 

remoteness showed a significant association 

with the outcome, compared with the outer 

regional level. Finally, English as a second 

language (ESL) was a strong predictor in the final 

model: the odds of being developmentally 

vulnerable at age 5 in those who spoke ESL were 

2.29 times higher than those who spoke English 

as the first language. 
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Non-Aboriginal children 

The number of non-Aboriginal children available 

for analysis was 1,672. In the univariate analysis, 

eight covariates produced unadjusted p > 0.25. 

With the exception of remoteness, these were 

omitted from the multivariate analysis. The final 

parsimonious model built through the 

multivariate logistic regression analysis 

contained 13 covariates, including the five 

deliberately retained in the model (see Table 4.2 

below and also Table 4.A.2 in the Appendix).  

For non-Aboriginal children, the odds of being 

developmentally vulnerable in boys were more 

than three times higher than girls. In terms of 

the child’s age at AEDC, those aged less than 5 

years and those aged 5–5.5 years were 

significantly more likely to be assessed as 

developmentally vulnerable than those aged 

5.5–6 years. 

All the maternal covariates significantly 

associated with developmental vulnerability for 

all children were also significant predictors of 

this outcome for non-Aboriginal children. In 

addition, one category of parity showed a 

significant association with the outcome: the 

odds of developmental vulnerability in children 

whose mother had four or more previous 

pregnancies that resulted in a birth of at least 20 

weeks gestation were more than two times 

higher, compared with children whose mother 

had only 0–1 such previous pregnancies. 

As with the results for all children, all perinatal 

covariates dropped out of the final model. 

Likewise, none of the hospitalisation covariates 

were present in the final model. All the 

covariates under the category of ‘socioeconomic 

and other factors’ that were retained in the final 

model for all children performed the same in the 

final model for non-Aboriginal children. In 

addition, the covariate ‘did not attend 

preschool’ also produced significant association 

with the outcome, compared with children who 

did attend preschool. Children who did not 

attend preschool had a 1.78 times increased 

likelihood of being developmentally vulnerable. 

Aboriginal children 

A total of 1,958 Aboriginal children were 

available for analysis after the exclusion process 

described earlier in section 4.2. In the univariate 

analysis, five covariates produced unadjusted p 

> 0.25, and were thus excluded from 

multivariate analysis (see Table 4.2 below and 

also Table 4.A.3 in the Appendix). In the final 

model, only eight covariates were retained, 

including the five that were deliberately kept. 

‘Male gender’ and ‘age of child at AEDC’ (all 

three categories) were significant predictors of 

the outcome for both Aboriginal and non-

Aboriginal children. None of the maternal 

covariates showed significant association. 

Among perinatal covariates, ‘preterm birth’ 

(< 37 weeks gestational age) was significantly 

associated with developmental vulnerability, 

and this was true only in Aboriginal children 

(adjusted odds ratio (OR) = 1.88). Among 

hospitalisation factors, only those hospitalised 

due to infection for two or more times were 

associated with the outcome. 
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Table 4.2 Significant and controlled predictors for developmental vulnerability in one 
or more domains of AEDC 2009 and 2012, NT 

 
# Derived Aboriginal status of this NHMRC project 
^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 

ORadj (95%CI) Padj ORadj (95%CI) Padj ORadj (95%CI) Padj

Controlled factors
Aboriginal status#

Non-Aboriginal Reference

Aboriginal 1.217 (0.99-1.61) 0.057

Sex of child

Female Reference Reference Reference
Male 2.07 (1.72-2.49) <0.0005 3.16 (2.39-4.17) <0.0005 1.61 (1.26-2.05) <0.0005

Age of child at AEDC

5y7m-6y Reference Reference Reference

5y and under 1.42 (1.08-1.86) 0.011 1.56 (1.06-2.29) 0.023 1.49 (1.02-2.17) 0.037

5y1m-5y6m 1.43 (1.16-1.78) 0.001 1.47 (1.07-2.03) 0.018 1.39 (1.05-1.85) 0.02

6y1m-7y6m 2.28 (1.36-3.84) 0.002 2.00 (0.70-5.74) 0.196 1.95 (1.13-3.37) 0.017

SEIFA-D^

Quintile 1 (least disadvantaged) Reference Reference Reference

Quintile 2 1.35 (0.97-1.88) 0.076 1.28 (0.87-1.88) 0.204 1.68 (0.78-3.64) 0.188

Quintile 3 1.07 (0.74-1.53) 0.728 1.10 (0.71-1.70) 0.660 1.28 (0.59-2.78) 0.536

Quintile 4 1.79 (1.20-2.67) 0.004 1.82 (1.11-2.99) 0.018 2.46 (1.10-5.48) 0.028

Quintile 5 (most disadvantaged) 1.83 (1.26-2.65) 0.001 1.99 (1.23-3.22) 0.005 2.07 (0.97-4.43) 0.062

Remoteness

Outer regional Reference Reference Reference

Remote 1.01 (0.77-1.33) 0.925 0.71 (0.47-1.06) 0.096 1.48 (1.00-2.18) 0.047

Very Remote 1.25 (0.89-1.77) 0.196 0.97 (0.53-1.80) 0.934 1.80 (1.14-2.85) 0.012

Other significant factors
Mother <20 years old

No Reference Reference

Yes 1.51 (1.13-2.00) 0.005 2.08 (1.15-3.76) 0.016

Diabetes

No Reference Reference

Yes 1.72 (1.22-2.41) 0.002 1.82 (1.11-2.96) 0.017

Smoking

No Reference Reference

Yes 1.23 (1.01-1.51) 0.041 1.74 (1.26-2.39) 0.001

Antenatal visits <7 times

No Reference Reference

Yes 1.51 (1.21-1.89) <0.0005 2.13 (1.48-3.06) <0.0005

Parity

0-1 Reference

2-3 1.12 (0.82-1.53) 0.479

>=4 2.08 (1.06-4.05) 0.032

Preterm birth (gestatitional age<37 weeks)

No Reference

Yes 1.88 (1.27-2.79) 0.002

Number of hospitalisations

None Reference

1 1.30 (1.05-1.62) 0.039

2 and over 1.30 (1.05-1.62) 0.018

Number of hospitalisations due to infection

None Reference

1 1.10 (0.81-1.50) 0.524

2 and over 1.40 (1.03-1.91) 0.034

Did not attend preschool

No Reference

Yes 1.78 (1.03-3.06) 0.038

Parents/Caregiver didn't finish school

No Reference Reference

Yes 1.54 (1.25-1.90) <0.0005 1.98 (1.48-2.65) <0.0005

Parents/Caregiver being unemployed

No Reference Reference Reference

Yes 2.16 (1.67-2.79) <0.0005 3.21 (1.80-5.72) <0.0005 2.04 (1.56-2.65) <0.0005

English as a second language

No Reference Reference Reference

Yes 2.29 (1.81-2.90) <0.0005 2.19 (1.48-3.25) <0.0005 2.46 (1.80-3.36) <0.0005

Significant / controlled factors

All children

(n=3,630)

Non-Aboriginal 

Children

(n=1,672)

Aboriginal Children

(n=1,958)
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In the group of socioeconomic and other 

covariates, primary caregiver’s status of being 

unemployed showed a strong association with 

the outcome. The 4th quintile (the second most 

disadvantaged quintile) under the IRSD and the 

remote and very remote categories of 

remoteness were significant predictors of the 

outcome in Aboriginal children. Finally, ESL 

proved to be a strong predictor for 

developmental vulnerability in both non-

Aboriginal and Aboriginal children with adjusted 

OR both greater than 2. 

4.4 Early life factors associated 

with positive development  

4.4.1. Analysis methodology  

The AEDC dataset included a derived variable 

indicative of ‘positive’ early childhood 

development. Children with a positive value by 

the AEDC ‘ontrack5’ variable are those assessed 

as being developmentally ready for formal 

schooling across all five AEDC domains (Falster 

et al. 2015). The selection of the study cohort 

for this analysis drew on the cohort of all NT 

children assessed in the two cycles of AEDC that 

were examined (2009 and 2012, n = 7,027). It 

involved the following steps to select children 

who were a) eligible for AEDC assessments, and 

b) also represented in all four included datasets: 

1. Children with special needs were excluded 

as they were not eligible for AEDC 

assessment (n = 340). 

2. Children with missing data for the variable 

‘ontrack5’ were excluded (n = 331). 

3. Children from the AEDC dataset who could 

not be matched to any records in the 

Perinatal dataset were excluded (n = 1,891), 

leaving a total of 4,464 children remaining 

in the merged dataset. 

4. The merging of this combined dataset with 

School Enrolment dataset revealed 819 

children from the AEDC dataset who could 

not be matched. These were excluded from 

the study cohort, which had 3,645 children 

available for analysis. 

5. Further merging with the Hospitalisation 

dataset found all children in this study 

cohort were represented. Therefore, the 

resultant study cohort contained a total of 

3,645 children. 

6. Variable level missing data were reported 

under the Results section below. 

 

For the logistic regression analysis in this 

section, the covariate category least likely to be 

associated with on track developmental 

outcomes was selected as the reference 

category. The same process of logistic regression 

described in the previous section was used to 

determine significant predictors of on track 

outcomes in all children, non-Aboriginal children 

and then Aboriginal children. 

4.4.2. Results 

All children (i.e. Aboriginal and non-Aboriginal) 

Of the 33 covariates included in the univariate 

logistic regression analysis, 3 produced 

unadjusted p value > 0.25 and were excluded 

from the multivariate analysis (see Table 4.3 

below and also Table 4.A.4 in the Appendix). 

After conducting the multivariate logistic 

regression, the final model contained 13 

covariates, including the 5 deliberately retained 

ones. Female gender was a strong predictor with 

girls being more than twice as likely (adjusted 

OR = 2.26) than boys to have a positive 

developmental outcome. Non-Aboriginal 

children were also more likely to have a positive 

outcome than Aboriginal children (adjusted OR = 

1.71), as were children aged 5.5–6 years at the 

time of AEDC assessment than those aged 5 

years or younger (adjusted OR: 1.45). 

Three maternal covariates were significantly 

associated with on track outcomes: ‘not having 
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Table 4.3 Significant and controlled predictors for on track developmental outcomes 

in all five domains of AEDC 2009 and 2012, NT 

 
# Derived Aboriginal status of this NHMRC project 
^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS  

ORadj (95%CI) Padj ORadj (95%CI) Padj ORadj (95%CI) Padj

Controlled factors
Aboriginal status#

Aboriginal Reference

Non-Aboriginal 1.71 (1.35-2.16) <0.0005

Sex of child

Male Reference Reference Reference
Female 2.26 (1.89-2.71) <0.0005 2.16 (1.74-2.67) <0.0005 2.67 (1.91-3.73) <0.0005

Age of child at AEDC

5y and under Reference Reference Reference

5y1m-5y6m 1.03 (0.81-1.31) 0.804 1.07 90.82-1.40) 0.628 1.07 (0.67-1.71) 0.771

5y7m-6y 1.45 (1.12-1.88) 0.005 1.52 (1.13-2.06) 0.006 1.66 (1.01-2.71) 0.044

6y1m-7y6m 0.52 (0.24-1.08) 0.081 0.64 (0.23-1.82) 0.403 0.49 (0.16-1.50) 0.21

SEIFA-D^

Quintile 5 (most disadvantaged) Reference Reference Reference

Quintile 4 1.36 (0.92-2.00) 0.12 1.18 (0.74-1.89) 0.488 1.17 (0.62-2.20) 0.629

Quintile 3 1.70 (1.25-2.32) 0.001 1.56 (1.07-2.28) 0.021 1.86 (1.10-3.13) 0.02

Quintile 2 1.25 (0.92-1.71) 0.156 1.26 (0.87-1.83) 0.223 1.20 (0.68-2.12) 0.527

Quintile 1 (least disadvantaged) 1.93 (1.38-2.70) <0.0005 1.81 (1.22-2.68) 0.003 1.92 (0.92-4.00) 0.082

Remoteness

Very Remote Reference Reference Reference

Remote 1.60 (1.11-2.32) 0.012 1.25 (0.74-2.11) 0.406 0.80 (0.35-1.83) 0.604

Outer regional 1.62 (1.12-2.34) 0.011 1.12 (0.68-1.85) 0.652 1.21 (0.53-2.73) 0.653

Other significant factors
No diabetes

No Reference Reference

Yes 1.88 (1.30-2.71) 0.001 1.92 (1.23-2.99) 0.004

Did not smoke

No Reference Reference

Yes 1.27 (1.03-1.58) 0.026 1.40 (1.06-1.85) 0.017

Antenatal visits >=7 times

No Reference Reference

Yes 1.40 (1.09-1.80) 0.009 1.77 (1.27-2.45) 0.001

Normal birthweight (>=2500g)

No Reference

Yes 2.30 (1.25-4.23) 0.007

Term birth (gestatitional age>=37 weeks)

No Reference

Yes 1.73 (1.13-2.65) 0.012

Preterm birth category (gestational age, weeks)

<34 Reference -

34-36 1.44 (0.63-3.30) 0.387

37 and over 2.28 (1.09-4.75) 0.028

Had attended preschool

No Reference Reference

Yes 1.59 (1.09-2.32) 0.016 1.88 (1.17-3.00) 0.009

Parents/Caregiver had finished school

No Reference Reference

Yes 1.52 (1.24-1.86) <0.0005 1.79 (1.40-2.29) <0.0005

Parents/Caregiver being employed

No Reference Reference

Yes 1.89 (1.36-2.63) <0.0005 2.23 (1.50-3.30) <0.0005

English as first language

No Reference Reference Reference

Yes 2.50 (1.93-3.24) <0.0005 2.00 (1.41-2.85) <0.0005 2.64 (1.72-4.03) <0.0005

Average number of persons per bedroom≤1.7

No Reference

Yes 2.61 (1.13-6.01) 0.024

Significant / controlled factors All children
(n=3,630)

Non-Aboriginal
(n=1,676)

Aboriginal
(n=1,969)
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diabetes’, ‘did not smoke during pregnancy’ and 

‘antenatal visit >=7 times’. Also, the only 

perinatal health covariate found to be 

associated with positive development was ‘full-

term birth’ (i.e. 37 weeks and over). Among the 

socioeconomic and other covariates, ‘having 

attended preschool’ was associated with on 

track outcomes, as were the primary caregivers 

having finished school and that they were 

employed, all producing adjusted odds ratios > 

1.50. Among the quintiles of the IRSD, quintile 3 

and quintile 1 (the least disadvantaged) showed 

significant associations with positive 

development. In terms of levels of geographic 

remoteness, both the remote and outer regional 

categories were significantly associated with 

positive development. Finally, having English as 

a first language was the strongest of all 

predictors able to be investigated (adjusted OR = 

2.50). 

Non-Aboriginal children 

Eight covariates with non-significant 

associations (p > 0.25) in the unadjusted analysis 

were excluded from the multivariate analysis 

and 11 covariates were retained in the final 

model. With the exception of the primary carer’s 

employment and Aboriginal status, these were 

the same covariates as the ones retained in the 

final model for all (i.e. Aboriginal and non-

Aboriginal) children (see Table 4.3 below and 

also Table 4.A.5 in the Appendix).   

Aboriginal children 

There were fewer covariates predicting positive 

development in the Aboriginal only analysis, 

with just eight retained in the final model (see 

Table 4.3 below and also Table 4.A.6 in the 

Appendix). As was the case for non-Aboriginal 

children, female gender and the age group of 

5.5–6 years were significantly associated with 

positive outcomes. ‘Full-term birth’ also proved 

to be a significant predictor. Among 

socioeconomic and other factors, the primary 

caregiver being employed was significantly 

associated with positive development. Among 

the IRSD quintiles, only Quintile 3 showed a 

significant association with on track outcomes. 

While none of the levels of geographic 

remoteness were significant predictors of a 

positive development outcome, having ‘English 

as a first language’ was. Finally, the strongest 

predictor of children having a positive 

development outcome was living in a 

community where housing over-crowding was 

not a problem (as represented by the average 

number of persons per bedroom ≤ 1.7). These 

children were more than two and a half times 

more likely (adjusted OR = 2.61) to have on track 

scores across all five AEDC domains. 

4.5 ‘Overcoming the odds’ 

communities with better than 

expected AEDC outcomes 

As reported in earlier sections of this chapter, 

there is a clear association between 

socioeconomic status (SES) and children’s 

developmental outcomes at age 5. Children 

living in communities in the most disadvantaged 

quintiles of IRSD were significantly associated 

with developmental vulnerability while the least 

disadvantaged quintiles were associated with on 

track developmental outcomes. This association 

has also been demonstrated in other Australian 

studies (Brinkman et al. 2012; Edwards 2005; 

Najman et al. 2004; Malacova et al. 2009) and 

overseas (Santos et al. 2012; Bradley and 

Corwyn 2002; Janus and Duku 2007; Malacova 

et al. 2009).  

In recent years, researchers have begun 

investigating exceptions to such associations, 

especially the communities where child 

development results are found to be better than 

would be expected based on their 

socioeconomic status. As a part of the Kids in 

Communities Study (KICS), Goldfield et al. (2015) 

analysed national AEDC data to identify such 

‘off-diagonal’ communities. The identification of 
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these communities has enabled investigation of 

the community-level or neighbourhood-level 

factors (in contrast to the usually investigated 

individual-level factors) that affect child 

development and especially those that are 

potentially amenable to change. Gregory and co-

authors (2015) have also recently been 

commissioned by the South Australian 

Government to conduct a similar study to 

identify ‘off-diagonal’ communities, using both 

AEDC and National Assessment Program –

Literacy and Numeracy (NAPLAN) data.  

In this part of the study, we applied three 

different models on a selection of community-

level variables regarding SES and remoteness to 

identify ‘off-diagonal communities’ and 

discussed their implications for programs and 

policies concerning early childhood 

development. 

4.5.1. Analytic methods 

In order to identify communities where the 

results of child development were better than 

should be expected according to the average 

SES of individual communities, we merged the 

AEDC dataset with the data on the IRSD of SEIFA 

(used as the proxy for SES) and ARIA+ (i.e. the 

level of accessibility/remoteness) obtained from 

the ABS. For the IRSD, higher scores represent 

lower socioeconomic disadvantage, and hence 

higher SES.  

The initial sample size after the merging was 

6,292. As performed in section 4.3, we excluded 

children with special needs first (n = 340), and 

then children with missing data in the variable 

‘dv1’, a dichotomous variable from the AEDC 

dataset with dv1 = 1 representing the result of 

‘being vulnerable on one or more domains of 

AEDC’ (n = 395). The proportion of children who 

were assessed to be developmentally vulnerable 

on one or more AEDC domains (named the 

proportion of vulnerability henceforth) was 

calculated for each community. The community 

names were based on the variable ‘lcslaname’ of 

the AEDC dataset. They were matched to the 

geographical unit of SA2 or SLA in the ABS data 

(the details of the matching method are 

described in Chapter 6). In total, there were 79 

NT communities identified in the AEDC dataset. 

Figure 4.1 Percentage of children developmentally vulnerable by SES and community,  

AEDC 2009 and 2012, NT  
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We explored three models of identifying ‘off-

diagonal’ communities. The first model followed 

the method used in the study by Gregory et al. 

(2015). A simple linear regression was 

performed to determine the association 

between the two variables, and a regression line 

fitted to the scatter plot to indicate this 

association. The corresponding value on this 

regression line for each community represents 

the expected proportion of vulnerability based 

on predicted association in the linear regression. 

The difference between the actual and the 

expected proportions was calculated (as the 

residual of the regression model). Those 

communities where AEDC vulnerability was 3% 

or more lower than expected were considered 

to be ‘better than expected’ off-diagonal 

communities. 

Model 2 included several relevant community-

level covariates in the regression model. The 

ARIA+ index, ‘average household size’ and 

‘average persons per bedroom’ were included in 

the regression model to control for their effects 

and enhance the variance captured by the 

model. Finally, to improve the estimation of the 

association between the proportion of AEDC 

vulnerability and SES, Model 3 employed a 

multi-level regression in which the ARIA+ index 

was used as a ‘level’ variable with all other 

variables from Model 2 included as covariates. 

In all three models, we excluded communities 

with IRSD scores > 960 (approximately the top 

two quintiles) as the advantaged nature of these 

communities made them irrelevant to the 

investigation of communities in adversity 

performing better than expected. Also, 

communities with less than 30 children assessed 

in the AEDC 2009 and 2012 were also excluded 

on the basis of their small numbers.  

4.5.2. Results  

The distribution of proportion of vulnerability 

against IRSD scores was displayed in Figure 4.1 

(above). Each circle in this chart represents an 

individual SLA in the NT and their circle size is in 

proportion to the number of children whose 

AEDC scores were used in the analysis. Circles 

above the red fitted regression line represent 

SLAs where the proportion of vulnerability was 

higher than would be expected whereas those 

below the regression line indicates lower than 

expected observed proportion of vulnerability. 

While we have suppressed the names of these 

SLA areas for confidentiality reasons, it is of note 

that the upper left hand group of SLA areas are 

all remote Aboriginal communities, while the 

group on the lower right hand side are urban 

communities and suburbs; the residents of 

which are predominantly non-Aboriginal. It is 

also obvious that the proportion of circles that 

deviate considerably far away from the 

regression line is higher in the upper left hand 

group.  

Table 4.4 Number of SLAs with less than 

expected proportions of AEDC 

developmental vulnerability  

Category Model 
1 

Model 
2 

Model 
3 

Number of SLA 
areas 
identified 15 12 7 

Very remote 11 10 5 

Remote 0 0 0 

Outer regional 4 2 2 

 

The number of such off-diagonal SLAs by 

remoteness levels is summarised in Table 4.4 

(above). This shows that as the model becomes 

more comprehensive from Model 1 to Model 3, 

the total number of SLAs identified decreased 

from 15 to 12 and then to 7. In the most 

comprehensive model (Model 3), only 7 areas 

remained, including 5 very remote ones and 2 

outer regional ones. These 2 outer regional 

areas appeared in all 3 models and are both 

areas with high proportions of the urban-

dwelling NT Aboriginal population. 
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4.6 Discussion 

A key finding from the multivariable regression 

analysis for all NT born children, was that when 

Aboriginal status was included as a covariate, it 

had no significant effect as a predictor of AEDC 

developmental vulnerability once the effect of 

the other covariates in the model was taken into 

account. In other words, the main influences 

predicting children’s developmental outcome 

were their experiences of early life health and 

sociodemographic factors, regardless of their 

Aboriginal or non-Aboriginal status.   

This is comparable to a similar finding from an 

earlier study by Guthridge et al. (2016) based on 

the NT’s 2009 AEDC assessment data. They 

found the likelihood of Aboriginal children 

scoring as developmentally vulnerable reduced 

from almost seven times more likely (OR = 6.9) 

to less than twice as likely (OR = 1.7) once 

adjustment was made for the effect of other 

covariates. They also found that more than half 

of the difference in the AEDC outcomes of 

Aboriginal and non-Aboriginal children was 

explained by potentially modifiable early health 

and sociodemographic factors. A possible reason 

for the current study showing an even stronger 

relative influence of health and 

sociodemographic factors, is that it employed a 

larger sample size (n = 3,630 vs n = 1,922) and 

used data from both the 2009 and 2012 AEDC 

cycles.   

At the same time, it is also evident that 

Aboriginal children are much more likely to have 

greater exposure to the early life health and 

socioeconomic factors assessed by the 

covariates in the model. The subsequent 

regression analyses conducted separately for 

Aboriginal and non-Aboriginal children were 

therefore undertaken to ‘tease out’ how their 

differing exposure to these early life 

circumstances was related to their AEDC 

outcomes. This also enabled an investigation of 

the relative importance of these factors for 

Aboriginal and non-Aboriginal children in 

shaping their developmental outcomes at the 

age of five years.  

In the non-Aboriginal regression modelling for 

developmental vulnerability, none of the 

perinatal heath and hospitalisation covariates 

were significant and were therefore dropped 

from the final model. However, in the final 

model, the same maternal and socioeconomic 

covariates had significant effects as was the case 

in the model for all children. Of particular note, 

was the finding that non-Aboriginal children 

who ‘did not attend preschool’ were 1.78 times 

more likely to be developmentally vulnerable on 

their entry to full-time school. This has 

important implications for policy in highlighting 

the developmental and school readiness 

benefits of children’s access to and their level of 

participation in preschool. 

With regard to the regression analysis 

conducted separately for Aboriginal children 

regarding developmental vulnerability, both 

male gender and the child’s age at the time of 

their AEDC assessment had similar significant 

predictive associations as the model for non-

Aboriginal children. None of the maternal 

covariates showed significant association for 

Aboriginal children, but importantly, a number 

of perinatal covariates did, which was not the 

case for non-Aboriginal children. Most 

particularly, ‘preterm birth’ (< 37 weeks 

gestational age) and having two or more 

hospitalisations due to infection were 

significantly associated with developmental 

vulnerability. The other covariates showing 

significant associations for Aboriginal children 

only, were primary caregiver’s being 

unemployed, having socioeconomic status 

(IRSD) in the 4th quintile (the second most 

disadvantaged), and living in remote and very 

remote areas. Importantly, having ‘ESL’ was a 

strong predictor for developmental vulnerability 

for both non-Aboriginal and Aboriginal 
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children—effectively doubling the likelihood of 

developmental vulnerability on entry to school.  

The finding regarding the number of 

hospitalisations due to infection (≥ 2) being 

significantly associated with developmental 

vulnerability has important implications for 

public and primary health service delivery. 

Reducing Aboriginal children’s susceptibility to 

infections and their high rates of associated 

hospitalisation requires concerted program 

effort across several service sectors including 

primary health care, nutrition programs, 

environmental health and housing programs.  

While the health benefits of such programs are 

well understood, their longer-term benefits for 

children’s development and opportunities for 

educational success also require greater policy 

recognition.   

The differences between Aboriginal and non-

Aboriginal children in the factors most salient in 

their association with vulnerable early childhood 

outcomes have important implications for the 

targeting of policy and programs to enable more 

equitable developmental outcomes. They also 

highlight the extent to which Aboriginal 

children’s greater exposure to multiple 

adversities in early life is associated with their 

developmental readiness for school learning. 

This is important given the evidence in the 

literature concerning the extent to which AEDC 

outcomes are associated with children making a 

more successful transition into formal schooling 

and their longer-term educational outcomes 

(Goldfeld et al, 2016). This suggests the need for 

greater policy emphasis on addressing 

underlying issues of socioeconomic 

disadvantage and early child health—especially 

in more remote communities.  

The Aboriginal specific finding concerning 

children having ESL being almost twice as likely 

to score on the developmentally vulnerable 

range on the AEDC also has important 

implications for policy and service design. It 

highlights the need for these children to have 

access to special language and learning support 

before, during and after their transition to full-

time school to facilitate them achieving their full 

educational potential. 

The findings from the analysis investigating 

factors associated with children being 

developmentally on track across all five AEDC 

domains have relevance for universally delivered 

services to improve the outcomes of all children. 

The ‘protective’ factors found to be most 

significant for all children were essentially the 

same as those typically reported in other 

Australian longitudinal studies e.g. female 

gender, non-Aboriginal status, having attended 

preschool, mother not smoking during 

pregnancy, and mother having more than seven 

antenatal health checks.  

However, when the data were analysed 

separately for the Aboriginal and non-Aboriginal 

subpopulations, a number of other factors stood 

out as being of particular benefit for the positive 

development of Aboriginal children. They 

included ‘full-term birth’ (adjusted OR = 2.1), the 

primary caregiver being employed (adjusted OR 

= 3.1), higher socioeconomic status (adjusted OR 

= 1.9), having English as a first language 

(adjusted OR = 1.9) and having no housing over-

crowding (adjusted OR = 2.61).  

These findings on the positive development of 

Aboriginal children highlight the need for more 

targeted investment in preventive services, e.g. 

enabling better access to and use of antenatal 

health care, programs to ensure pregnant 

women have adequate nutrition, and 

interventions to prevent smoking and alcohol 

use in pregnancy. As also discussed in the 

section on the investigation for vulnerable 

outcomes above, these findings highlight the 

need for early language support being available 

from an early age for Aboriginal children (e.g. in 

preschool), and especially those who do not 

having English as their first language. They also 
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provide further evidence for the critical 

importance of adequate housing for children’s 

healthy development. 

The analysis reported in the final section of the 

chapter concerning communities/areas where 

children were ‘overcoming the odds’ in 

achieving better developmental outcomes has 

important implications—both for policy and 

future research. It is the first such attempt to 

describe the numbers of children and the level 

of remoteness of ‘off-diagonal’ communities in 

the NT. These communities should be the focus 

of future in-depth, qualitative studies to identify 

the key factors enabling better (or worse) 

developmental outcomes (e.g. local factors such 

as service availability and coordination, 

community engagement and participation, and 

community leadership). Better understanding of 

these facilitating (or impeding) factors would 

assist the formulation of better policy and 

programs as well as local initiatives to improve 

child development in other communities.  

The extent to which the AEDC outcomes vary 

between communities and areas of the NT 

highlights the need for a more differentiated 

approach to service delivery. The AEDC’s 

community-level findings offer a potentially 

useful metric which could be used to inform a 

‘needs-based’ approach to service planning and 

application of the principle of ‘proportionate 

universalism’ i.e. services being universal, not 

targeted, but with a scale and intensity that is 

proportionate to the level of disadvantage 

(Meghit et al, 2010). This is also consistent with 

the recent policy emphasis on the need for 

‘place-based’ interventions and improving local 

service coordination.  

The research team will discuss the implications 

of the findings reported in this chapter with 

relevant NT and Australian government 

departments and NT community organisations, 

with a view to advancing understanding of key 

factors shaping early child development, and the 

opportunities they suggest for policy, service 

planning and community action to improve 

outcomes.
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4.8 Appendices 

Table 4.A.1 Results of univariate and multivariate logistic regressions on early 
childhood factors that may be associated with developmental vulnerability in one or 
more domains in AEDC 2009 and 2012, All children (i.e. both Aboriginal and non-
Aboriginal), NT 

Selected factors All children (n = 3,630) 

 Vulnerable/Not 
vulnerable 

% Missing 
(of 3,630) 

Crude OR 
(95% CI) 

P-unadj Adjusted OR 
(95% CI) 

(n = 2,711) 
 

(n = 1,527) 

P-adj 

Demographic factors 
Sex of child  0.0     

Female 695/1,096  Reference     
Male 958/881  1.71 (1.50–1.96) < 0.0005 2.07 (1.72–2.49) < 0.0005 

Aboriginal status#  0.0      
Non-Aboriginal 391/1,281  Reference     
Aboriginal 1,262/696  5.94 (5.13–6.88) < 0.0005 1.217 (0.99–1.61) 0.057 

Age of child at AEDC  0.0      
5y7m–6y 444/626  Reference  Reference   
5y and under 293/391  1.06 (0.87–1.28) 0.579 1.42 (1.08–1.86) 0.011 
5y1m–5y6m 783/918  1.20 (1.03–1.40) 0.019 1.43 (1.16–1.78) 0.001 
6y1m–7y6m 133/42  4.46 (3.09–6.44) < 0.0005 2.28 (1.36–3.84) 0.002 

Maternal & pregnancy factors 
Mother < 20 years old  0.0     

No 1,261/1,797  Reference  Reference   
Yes 392/180  3.10 (2.56–3.76) < 0.0005 1.51 (1.13–2.00) 0.005 

Diabetes  0.0      
No 1,497/1,848  Reference  Reference   
Yes 156/129  1.49 (1.17–1.90) 0.001 1.72 (1.22–2.41) 0.002 

Hypertension  0.0      
No 1,593/1,934  Reference     
Yes 60/43  1.69 (1.14–2.52) 0.009 - - 

STI during pregnancy  0.0      
No 1,501/1,915  Reference     
Yes 152/62  3.13 (2.31–4.23) < 0.0005 - - 

Smoking  8.4      
No 805/1,339  Reference  Reference   
Yes 646/535  2.01 (1.74–2.32) < 0.0005 1.23 (1.01–1.51) 0.041 

Alcohol consumption  17.7      
No 1,130/1,504  Reference     
Yes 175/180  1.29 (1.04–1.62) 0.023 - - 

Antenatal visits < 7 times  1.3      
No 1,084/1,619  Reference  Reference   
Yes 532/347  2.29 (1.96–2.68) < 0.0005 1.51 (1.21–1.89) < 0.0005 

Plurality, twin  0.0      
No 1,620/1,925  Reference     
Yes 33/52  0.75 (0.49–1.17) 0.210 - - 

Parity  0.0      
0–1 956/1,340  Reference     
2–3 502/517  1.36 (1.17–1.58) < 0.0005 - - 
≥ 4 195/120  2.28 (1.79–2.90) < 0.0005 - - 

Perinatal factors 
Antepartum haemorrhage  0.0      

No 1,624/1,950  Reference     
Yes 29/27  1.29 (0.76–2.19) 0.345 - - 

Emergency CS  0.0       
No 1,370/1,654  Reference      
Yes 283/323  1.06 (0.89–1.26) 0.529 - - 

Fetal distress  0.0       
No 1,467/1,770  Reference      
Yes 186/207  1.08 (0.88–1.34) 0.450 - - 

APGAR score at 5 min < 9  0.0       
No 1,619/1,955  Reference      
Yes 32/22  1.76 (1.02–3.03) 0.043 - - 

Resuscitation at delivery  0.0       
No 721/915  Reference      
Yes 932/1,062  1.11 (0.98–1.27) 0.108 - - 
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Low birthweight (< 2,500 g)  0.0       
No 1,446/1,825  Reference      
Yes 207/152  1.72 (1.38–2.14) < 0.0005 - - 

Preterm birth (gestational age < 37 weeks) 0.0     
No 1,418/1,824  Reference  - - 
Yes 235/153  1.98 (1.59–2.45) < 0.0005 - - 

Preterm birth category (gestational weeks) 0.0     
37 and over 1,418/1,824  Reference      
34–36 170/115  1.90 (1.49–2.43) < 0.0005 - - 
< 34 65/38  2.20 (1.47–3.30) < 0.0005 - - 

Admitted to special care nursery 
nursery 

1.07     
No 1,282/1,639  Reference      
Yes 363/307  1.51 (1.28–1.79) < 0.0005 - - 

Long hospital stay at birth (≥ 9 days) 
birth (≥ 7 days) 

0.0     
No 1,429/1,811  Reference      
Yes 224/166  1.71 (1.38–2.11) < 0.0005 - - 

Hospitalisation factors 
Number of hospitalisations  0.0     

None 352/899  Reference  Reference   
1 298/391  1.95 (1.60–2.36) < 0.0005 1.30 (1.05–1.62) 0.039 
2 and over 1,003/687  3.73 (3.19–4.36) < 0.0005 1.30 (1.05–1.62) 0.018 

Total length of hospital stay  0.0     
None 352/899  Reference      
1–9 days 640/771  2.12 (1.80–2.49) < 0.0005 - - 
10–29 days 446/230  4.95 (4.05–6.06) < 0.0005 - - 
30 days and over 215/77  7.13 (5.35–9.51) < 0.0005 - - 

Number of hospitalisations due to infection 
hospitalisations due to infection 

 

0.0     
None 768/1,424  Reference      
1 394/323  2.26 (1.91–2.68) < 0.0005 - - 
2 and over 491/230  3.96 (3.31–4.74) < 0.0005 - - 

Total hospitalisation days due to infection 0.0     
None 1,268/1,730  Reference      
1–9 days 204/189  2.12 (1.80–2.49) < 0.0005 - - 
10–29 days 137/51  4.95 (4.05–6.06) < 0.0005 - - 
30 days and over 44/7  7.13 (5.35–9.51) < 0.0005 - - 

Socioeconomic & other factors 
Did not attend preschool  0.0       

No 1,461/1,849  Reference      
Yes 192/128  1.90 (1.50–2.40) < 0.0005 - - 

Parents/Caregiver didn't finish school 14.0     
No 374/1,137  Reference  Reference   
Yes 947/664  4.34 (3.72–5.05) < 0.0005 1.54 (1.25–1.90) < 0.0005 

Parents/Caregiver being unemployed 
unemployed 

18.3     
No 773/1,598  Reference  Reference   
Yes 430/163  5.45 (4.47–6.66) < 0.0005 2.16 (1.67–2.79) < 0.0005 

SEIFA-Disadvantage^  0.0     
Quintile 1 (least)  81/332  Reference  Reference   
Quintile 2 184/498  1.51 (1.13–2.04) 0.006 1.35 (0.97–1.88) 0.076 
Quintile 3 163/398  1.68 (1.24–2.27) 0.001 1.07 (0.74–1.53) 0.728 
Quintile 4 109/159  2.81 (1.99–3.96) < 0.0005 1.79 (1.20–2.67) 0.004 
Quintile 5 (most)  1,116/590  7.75 (5.96–10.08) < 0.0005 1.83 (1.26–2.65) 0.001 

Remoteness  0.0     
Outer regional 470/1,237  Reference  Reference   
Remote 249/348  1.88 (1.55–2.29) < 0.0005 1.01 (0.77–1.33) 0.925 
Very remote 934/392  6.27 (5.35–7.35) < 0.0005 1.25 (0.89–1.77) 0.196 

English as a second language  0.0     
No 522/1,500  Reference  Reference   
Yes 1,131/477  6.81 (5.89–7.89) < 0.0005 2.29 (1.81–2.90) < 0.0005 

Average household size > 5  0.0     
No 1,366/1,835  Reference      
Yes 287/142  2.72 (2.19–3.36) < 0.005 - - 

Average number of persons per bedroom > 1.7 
per bedroom > 1.7 

0.0     
No 771/1,642  Reference      
Yes 882/335   5.61 (4.82–6.53) < 0.0005 - - 

# Derived Aboriginal status of this NHMRC project 

^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 
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Table 4.A.2 Results of univariate and multivariate logistic regressions on early 
childhood factors that may be associated with developmental vulnerability in one or 
more domains in AEDC 2009 and 2012, Non-Aboriginal children, NT 

Potential predictors Non-Aboriginal children (n = 1,672) 

 Vulnerable/Not 
vulnerable 

% Missing 
(of 1,672) 

Crude OR 
(95% CI) 

P-unadj Adjusted OR 
(95% CI) 

(n = 1,527) 

P-adj 

Demographic factors 
Sex of child  0.0     

Female 135/708  Reference  Reference  
Male 256/573  2.34 (1.85–2.97) < 0.0005 3.16 (2.39–4.17) < 0.0005 

Age of child at AEDC  0.0     
5y7m–6y 90/391  Reference  Reference  
5y and under 93/274  1.47 (1.06–2.05) 0.02 1.56 (1.06–2.29) 0.023 
5y1m–5y6m 200/604  1.44 (1.09–1.90) 0.011 1.47 (1.07–2.03) 0.018 
6y1m–7y6m 8/12  2.90 (1.15–7.29) 0.024 2.00 (0.70–5.74) 0.196 

Maternal & pregnancy factors 
Mother < 20 years old  0.0     

No 363/1,241  Reference  Reference  
Yes 28/40  2.39 (1.46–3.93) 0.001 2.08 (1.15–3.76) 0.016 

Diabetes  0.0     
No 356/1,211  Reference  Reference  
Yes 35/70  1.70 (1.11–2.60) 0.014 1.82 (1.11–2.96) 0.017 

Hypertension  0.0     
No 383/1,258  Reference    
Yes 8/23  1.14 (0.51–2.57) 0.748 - - 

STI during pregnancy  0.0     
No 383/1,269  Reference    
Yes 8/12  2.21 (0.90–5.44) 0.085 - - 

Smoking  3.4     
No 259/1,028  Reference  Reference  
Yes 116/212  2.17 (1.67–2.83) < 0.0005 1.74 (1.26–2.39) 0.001 

Alcohol consumption  13.9     
No 292/1,010  Reference    
Yes 39/98  1.38 (0.93–2.04) 0.111 - - 

Antenatal visits < 7 times  0.3     
No 315/1,145  Reference  Reference  
Yes 73/134  1.98 (1.45–2.70) < 0.0005 2.13 (1.48–3.06) < 0.0005 

Plurality, twin  0.0     
No 375/1,245  Reference    
Yes 16/36  1.48 (0.81–2.69) 0.204 - - 

Parity  0.0     
0–1 265/957  Reference  Reference  
2–3 101/291  1.25 (0.96–1.63) 0.094 1.12 (0.82–1.53) 0.479 
≥ 4 25/33  2.74 (1.60–4.68) < 0.0005 2.08 (1.06–4.05) 0.032 

Perinatal factors 
Antepartum haemorrhage  0.0     

No 387/1,266  Reference    
Yes [< 5]/15  0.87 (0.29–2.64) 0.809 - - 

Emergency CS  0.0     
No 335/1,085  Reference    
Yes 56/196  0.93 (0.67–1.28) 0.636 - - 

Fetal distress  0.0     
No 345/1,165  Reference    
Yes 46/116  1.34 (0.93–1.92) 0.114 - - 

APGAR score at 5 min < 9  0.0     
No 389/1,271  Reference    
Yes [< 5]/10  0.65 (0.14–3.00) 0.584 - - 

Resuscitation at delivery  0.0     
No 173/598  Reference    
Yes 218/683  1.10 (0.88–1.39) 0.398 - - 

Low birthweight (< 2,500 g)  0.0     
No 362/1,207  Reference    
Yes 29/74  1.31 (0.84–2.04) 0.239 - - 

Preterm birth (gestational age < 37 weeks) 0.0     
No   Reference    
Yes   1.56 (1.09–2.22) 0.014 - - 
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Preterm birth category (gestational weeks) 0.0     
37 and over 353/1,201  Reference    
34–36 28/60  1.59 (1.00–2.53) 0.051 - - 
< 34 10/20  1.70 (0.79–3.67) 0.175 - - 

Admitted to special care nursery 
nursery 

1.9     
No 315/1,075  Reference    
Yes 71/179  1.35 (1.00–1.83) 0.05 - - 

Long hospital stay at birth (≥ 7 days) 
birth (≥ 7 days) 

0.0     
No 343/1,138  Reference    
Yes 48/143  1.11 (0.79–1.58) 0.545 - - 

Hospitalisation factors 
Number of hospitalisations  0.0     

None 171/722  Reference    
1 89/259  1.45 (1.08–1.94) 0.013 - - 
2 and over 131/300  1.84 (1.42–2.40) < 0.0005 - - 

Total length of hospital stay       
None 171/722  Reference    
1–9 days 176/470  1.58 (1.24–2.01) < 0.0005 - - 
10–29 days 36/72  2.11 (1.37–3.26) 0.001 - - 
30 days and over 8/17  1.99 (0.84–4.68) 0.116 - - 

Number of hospitalisations due to infection 
hospitalisations due to infection 

 

0.0     
None 306/1,051  Reference    
1 65/160  1.40 (1.02–1.91) 0.038 - - 
2 and over 20/70  0.98 (0.59–1.64) 0.943 - - 

Total hospitalisation days due to infection 0.0     
None 355/1,162  Reference    
1–9 days 32/111  0.94 (0.63–1.42) 0.782 - - 
10–29 days [< 5]/8  1.64 (0.49–5.47) 0.423 - - 
30 days and over 0  Omitted -   

Socioeconomic & other factors 
Did not attend preschool  0.0     

No 364/1,217  Reference  Reference  
Yes 27/64  1.41 (0.87–2.25) 0.147 1.78 (1.03–3.06) 0.038 

Parents/Caregiver didn't finish school 3.9     
No 222/958  Reference  Reference  
Yes 149/278  2.31 (1.81–2.96) < 0.0005 1.98 (1.48–2.65) < 0.0005 

Parents/Caregiver being unemployed 
unemployed 

4.8     
No 326/1,197  Reference  Reference  
Yes 37/32  4.25 (2.60–6.92) < 0.0005 3.21 (1.80–5.72) < 0.0005 

SEIFA-Disadvantage^  0.0     
Quintile 1 (least)  66/294  Reference  Reference  
Quintile 2 118/401  1.31 (0.94–1.84) 0.115 1.28 (0.87–1.88) 0.204 
Quintile 3 73/283  1.15 (0.79–1.66) 0.463 1.10 (0.71–1.70) 0.660 
Quintile 4 52/106  2.19 (1.43–3.35) < 0.0005 1.82 (1.11–2.99) 0.018 
Quintile 5 (most)  82/197  1.85 (1.28–2.69) 0.001 1.99 (1.23–3.22) 0.005 

Remoteness  0.0     
Outer regional 298/978  Reference  Reference  
Remote 64/222  0.95 (0.70–1.29) 0.724 0.71 (0.47–1.06) 0.096 
Very remote 29/81  1.17 (0.75–1.83) 0.476 0.97 (0.53–1.80) 0.934 

English as a second language  0.0     
No 322/1,173  Reference  Reference  
Yes 69/108  2.33 (1.68–3.23) < 0.0005 2.19 (1.48–3.25) < 0.0005 

Average household size > 5  0.0     
No 375/1,254  Reference    
Yes 16/27  1.98 (1.06–3.72) 0.033 - - 

Average number of persons per bedroom > 1.7 
per bedroom > 1.7 

0.0     
No 367/1,229  Reference    
Yes 24/52  1.55 (0.94–2.54) 0.086 - - 

^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 
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Table 4.A.3 Results of univariate and multivariate logistic regressions on early 
childhood factors that may be associated with positive development in one or more 
domains in AEDC 2009 and 2012, Aboriginal children, NT 

Potential predictors Aboriginal children (n = 1,958)  

Vulnerable 
/ Not 

vulnerable 

% Missing  
(of 1,958) 

Crude OR 
(95% CI) 

P-unadj Adjusted OR  
(95% CI) 

(n = 1,372) 

P-adj 

Demographic factors 
      Sex of child  0.0     

Female 560/388 
 

Reference  Reference  
Male 702/308 

 
1.58 (1.31–1.90) < 0.0005 1.61 (1.26–2.05) < 0.0005 

Age of child at AEDC 
 

0.0 
    5y7m–6y 354/235 

 
Reference 

 
Reference 

 5y and under 200/117 
 

1.13 (0.86–1.50) 0.379 1.49 (1.02–2.17) 0.037 
5y1m–5y6m 583/314 

 
1.23 (0.99–1.53) 0.056 1.39 (1.05–1.85) 0.02 

6y1m–7y6m 125/30 
 

2.77 (1.80–4.26) < 0.0005 1.95 (1.13–3.37) 0.017 

Maternal & pregnancy factors 

Mother < 20 years old 
 

0.0 
    No 898/556 

 
Reference 

   Yes 364/140 
 

1.61 (1.29–2.01) < 0.0005 - - 
Diabetes 

 
0.0 

    No 1,141/637 
 

Reference 
   Yes 121/59 

 
1.15 (0.83–1.59) 0.416 - - 

Hypertension 
 

0.0 
    No 1,210/676 

 
Reference 

   Yes 52/20 
 

1.45 (0.86–2.45) 0.163 - - 
STI during pregnancy 

 
0.0 

    No 1,118/646 
 

Reference 
   Yes 144/50 

 
1.66 (1.19–2.33) 0.003 - - 

Smoking 
 

12.7 
    No 546/311 

 
Reference 

   Yes 530/323 
 

0.93 (0.77–1.14) 0.500 - - 
Alcohol consumption 

 
20.8 

    No 838/494 
 

Reference 
   Yes 136/82 

 
0.98 (0.73–1.31) 0.881 - - 

Antenatal visits < 7 times 
 

2.2 
    No 769/474 

 
Reference 

   Yes 459/213 
 

1.33 (1.09–1.62) 0.005 - - 
Plurality, twin 

 
0.0 

    No 1,245/680 
 

Reference 
   Yes 17/16 

 
0.58 (0.29–1.16) 0.122 - - 

Parity 
 

0.0 
    0–1 691/383 

 
Reference 

   2–3 401/226 
 

0.98 (0.80–1.21) 0.874 - - 
≥ 4 170/87 a 1.08 (0.81–1.44) 0.586 - - 

Perinatal factors 
  

    

Antepartum haemorrhage 
 

0.0 
    No 1,237/684 

 
Reference 

   Yes 25/12 
 

1.15 (0.58–2.31) 0.690 - - 
Emergency CS 

 
0.0 

    No 1,035/569 
 

Reference 
   Yes 227/127 

 
0.98 (0.77–1.25) 0.886 - - 

Fetal distress 
 

0.0 
    No 1,122/605 

 
Reference 

   Yes 140/91 
 

0.83 (0.63–1.10) 0.194 - - 
APGAR score at 5 min < 9 

 
0.1 

    No 1,230/684 
 

Reference 
   Yes 30/12 

 
1.39 (0.71–2.73) 0.339 - - 

Resuscitation at delivery 
 

0.0 
    No 548/317 

 
Reference 

   Yes 714/379 
 

1.09 (0.90–1.31) 0.365 - - 
Low birthweight (< 2,500 g) 

 
0.0 

    No 1,065/623 
 

Reference 
   Yes 197/73 

 
1.30 (0.98–1.73) 0.069 - - 

Preterm birth (gestational age < 37 weeks) 0.0 
    No 1,065/623 

 
Reference 

 
Reference 

 Yes 197/73 
 

1.58 (1.19–2.10) 0.002 1.88 (1.27–2.79) 0.002 
Preterm birth category  0.0 
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(gestational age, weeks) 
37 and over 1,065/623 

 
Reference 

   34–36 142/55 
 

1.51 (1.09–2.09) 0.013 - - 
< 34 55/18 

 
1.79 (1.04–3.07) 0.035 - - 

Admitted to special care nursery 0.4 
    No 967/564 

 
Reference 

   Yes 292/128 
 

1.33 (1.05–1.68) 0.016 
  Long hospital stay at birth (≥ 10 days) 0.0 

    No 1,099/629 
 

Reference 
   Yes 163/67 

 
1.39 (1.03–1.88) 0.031 - - 

       Hospitalisation factors 

Number of hospitalisations 0.0 
    None 181/177 

 
Reference 

   1 209/132 
 

1.55 (1.15–2.09) 0.004 - - 
2 and over 872/387 

 
2.20 (1.73–2.80) < 0.0005 - - 

Total length of hospital stay 0.0 
    None 18/177 

 
Reference 

   1–9 days 464/301 
 

1.51 (1.17–1.94) 0.001 - - 
10–29 days 410/158 

 
2.54 (1.92–3.35) < 0.0005 - - 

30 days and over 207/60 
 

3.37 (2.37–4.81) < 0.0005 - - 
Number of hospitalisations due to infection 0.0 

    None 462/373 
 

Reference 
 

Reference 
 1 329/163 

 
1.63 (1.29–2.06) < 0.0005 1.10 (0.81–1.50) 0.524 

2 and over 471/160 
 

2.38 (1.90–2.98) < 0.0005 1.40 (1.03–1.91) 0.034 
Total length of stay for  
hospitalisations due to infection 0.0 

    None 913/568 
 

Reference 
   1–9 days 172/78 

 
1.37 (1.03–1.83) 0.031 - - 

10–29 days 133/43 
 

1.92 (1.34–2.76) < 0.0005 - - 
30 days and over 44/7 

 
3.91 (1.75–8.74) 0.001 - - 

       Socioeconomic & other factors 
 Did not attend preschool 

 
0.0 

    No 1,097/632 
 

Reference 
   Yes 165/64 

 
1.49 (1.10–2.01) 0.011 - - 

Parents/Caregiver didn't finish school 22.6 
    No 152/179 

 
Reference 

   Yes 798/386 
 

2.43 (1.90–3.12) < 0.0005 - - 
Parents/Caregiver being unemployed 29.9 

    No 447/401 
 

Reference 
 

Reference 
 Yes 393/131 

 
2.69 (2.12–3.42) < 0.0005 2.04 (1.56–2.65) < 0.0005 

SEIFA-Disadvantage^ 
 

0.0 
    Quintile 1 (least)  15/38 

 
Reference 

 
Reference 

 Quintile 2 66/97 
 

1.72 (0.88–3.38) 0.114 1.68 (0.78–3.64) 0.188 
Quintile 3 90/115 

 
1.98 (1.03–3.83) 0.042 1.28 (0.59–2.78) 0.536 

Quintile 4 57/53 
 

2.72 (1.35–5.51) 0.005 2.46 (1.10–5.48) 0.028 
Quintile 5 (most)  1,034/393 

 
6.67 (3.63–12.25) < 0.0005 2.07 (0.97–4.43) 0.062 

Remoteness 
 

0.0 
    Outer regional 172/259 

 
Reference 

 
Reference 

 Remote 185/126 
 

2.21 (1.64–2.98) < 0.0005 1.48 (1.00–2.18) 0.047 
Very remote 905/311 

 
4.38 (3.48–5.53) < 0.0005 1.80 (1.14–2.85) 0.012 

English as a second language 0.0 
    No 200/327 

 
Reference 

 
Reference 

 Yes 1,062/369 
 

4.71 (3.81–5.82) < 0.0005 2.46 (1.80–3.36) < 0.0005 
Average household size > 5 0.0 

    No 991/581 
 

Reference 
   Yes 271/115 

 
1.38 (1.09–1.76) 0.009 - - 

Average number of persons  
per bedroom > 1.5 0.0 

    No 404/413 
 

Reference 
   Yes 858/283   3.10 (2.56–3.76) < 0.0005 - - 

^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 
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Table 4.A.4 Results of univariate and multivariate logistic regressions on early 
childhood factors that may be associated with positive development (scoring on track 
on all five AEDC domains) in 2009 and 2012, non-Aboriginal children, NT 

Selected factors Non-Aboriginal children (n = 1,676) 

 On track 5/  
Not on track 5 

% Missing 
(of 1,676) 

Crude OR 
(95% CI) 

P-unadj Adjusted OR 
(95% CI) 

(n = 1,554) 

P-adj 

Demographic factors 
Sex of child  0.0     

Male 361/470  Reference  Reference  
Female 509/336  1.97 (1.62–2.40) < 0.0005 2.16 (1.74–2.67)  

Age of child at AEDC  0.0     
5y and under 178/189  Reference  Reference  
5y1m–5y6m 406/398  1.08 (0.85–1.39) 0.526 1.07 (0.82–1.40)  
5y7m–6y 280/205  1.45 (1.10–1.90) 0.008 1.52 (1.13–2.06)  
6y1m–7y6m 6/14  0.46 (0.17–1.21) 0.115 0.64 (0.23–1.82)  

Maternal & pregnancy factors 
Mother ≥ 20 years old  0.0     

No 30/38  Reference    
Yes 840/768  1.39 (0.85–2.26) 0.191 -  

No diabetes  0.0     
No 41/64  Reference  Reference  
Yes 829/742  1.74 (1.16–2.61) 0.007 1.92 (1.23–2.99)  

No hypertension  0.0     
No 11/20  Reference    
Yes 859/786  1.99 (0.95–4.17) 0.070 -  

No STI during pregnancy  0.0     
No 11/9  Reference    
Yes 859/797  0.88 (0.36–2.14) 0.781 -  

Did not smoke  3.4     
No 136/194  Reference  Reference  
Yes 705/584  1.72 (1.35–2.20) < 0.0005 1.40 (1.06–1.85)  

Did not drink alcohol  14.0     
No 72/66  Reference    
Yes 680/624  1.00 (0.70–1.42) 0.995 -  

Antenatal visits ≥ 7 times  0.3     
No 85/124  Reference  Reference  
Yes 784/678  1.69 (1.26–2.26) 0.001 1.77 (1.27–2.45)  

Plurality, twin  0.0     
Yes 22/30  Reference    
No 848/776  1.49 (0.85–2.61) 0.162 -  

Parity  0.0     
≥ 4 22/36  Reference    
2–3 194/200  1.59 (0.90–2.80) 0.110 -  
0–1 654/570  1.88 (1.09–3.23) 0.023 -  

Perinatal factors 
No antepartum haemorrhage 0.0     

No 9/10  Reference    
Yes 861/796  1.20 (0.49–2.97) 0.691 -  

No emergency CS  0.0     
No 126/126  Reference    
Yes 744/680  1.09 (0.84–1.43) 0.511 -  

No fetal distress  0.0     
No 81/82  Reference    
Yes 789/724  1.10 (0.80–1.52) 0.551 -  

APGAR score at 5 min ≥ 9  0.0     
No 6/7  Reference    
Yes 864/799  1.26 (0.42–3.77) 0.677 -  

No resuscitation at delivery  0.0     
No 446/457  Reference    
Yes 424/349  1.24 (1.03–1.51) 0.026 -  

No special care nursery stay  2.0     
No 111/140  Reference    
Yes 740/652  1.43 (1.09–1.88) 0.009 -  

Normal birthweight (≥ 2,500 g) 0.0     
No 41/62  Reference    
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Yes 829/744  1.68 (1.12–2.53) 0.012 -  
Term birth (gestational age ≥ 37 weeks) 0.0     

No 46/73  Reference  Reference  
Yes 824/733  1.78 (1.22–2.61) 0.003 1.73 (1.13–2.65)  

Pre-term birth category (gestational age, weeks) 0.0   -  
< 34 8/22  Reference    
34–36 38/51  2.05 (0.82–5.10) 0.123 -  
37 and over 824/733  3.09 (1.37–6.99) 0.007 -  

No long hospital stay at birth (> 7 days) 0.0     
No 83/109  Reference    
Yes 787/697  1.48 (1.10–2.01) 0.011 -  

Hospitalisation factors 
Number of hospitalisations  0.0     

2 and over 196/235  Reference    
1 167/183  1.09 (0.82–1.45) 0.533 -  
None 507/388  1.57 (1.24–1.97) < 0.0005 -  

Total length of hospital stay  0.0     
30 days and over 8/17  Reference    
10–29 days 42/66  1.35 (0.54–3.41) 0.523 -  
1–9 days 313/335  1.99 (0.84–4.67) 0.116 -  
None 507/388  2.78 (1.19-6.50) 0.019 -  

Number of hospitalisations due to infection 
hospitalisations due to infection 

 

0.0     
2 and over 44/46  Reference    
1 99/126  0.82 (0.50–1.34) 0.431 -  
None 727/634  1.20 (0.78–1.84) 0.405 -  

Length of stay for hospitalisations due to infection 0.0     
30 days and over 0      
10–29 days 6/[< 5]  Reference    
1–9 days 71/78  0.61 (0.16–2.24) 0.453 -  
None 793/724  0.73 (0.21–2.60) 0.627 -  

Socioeconomic & other factors 
Had attended preschool  0.0     

No 38/53  Reference  Reference  
Yes 832/753  1.54 (1.00–2.36) 0.048 1.88 (1.17–3.00)  

Parents/Caregiver had finished school 3.9     
No 178/249  Reference  Reference  
Yes 665/518  1.80 (1.44–2.25) < 0.0005 1.79 (1.40–2.29)  

Parents/Caregiver being employed 
unemployed 

4.8     
No 25/44  Reference    
Yes 810/716  1.99 (1.21–3.29) 0.007 -  

SEIFA-Disadvantage^  0.0     
Quintile 5 (most)  126/154  Reference  Reference  
Quintile 4 76/83  1.12 (0.76–1.65) 0.572 1.18 (0.74–1.89)  
Quintile 3 197/161  1.50 (1.09–2.05) 0.012 1.56 (1.07–2.28)  
Quintile 2 263/256  1.26 (0.94–1.68) 0.126 1.26 (0.87–1.83)  
Quintile 1 (least)  208/152  1.67 (1.22–2.29) 0.001 1.81 (1.22–2.68)  

Remoteness  0.0     
Very remote 51/60  Reference  Reference  
Remote 144/142  1.19 (0.77–1.85) 0.431 1.25 (0.74–2.11)  
Outer regional 675/604  1.31 (0.89–1.94) 0.168 1.12 (0.68–1.85)  

English as first language  0.0     
No 67/110  Reference  Reference  
Yes 803/696  1.89 (1.38–2.61) < 0.0005 2.00 (1.41–2.85)  

Average household size ≤ 5  0.0     
No 15/28  Reference    
Yes 855/778  2.05 (1.09–3.87) 0.026 -  

Average number of persons per bedroom ≤ 1.7 
per bedroom > 1.7 

0.0     
No 34/43  Reference    
Yes 836/763   1.39 (0.87–2.20) 0.165 -  

^Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 
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Table 4.A.5 Results of univariate and multivariate logistic regressions on early 
childhood factors that may be associated with positive development (scoring on track 
on all five AEDC domains) in 2009 and 2012, Aboriginal children, NT 

Selected factors Non-Aboriginal children (n = 1,969) 

 On track 5/  
Not on track 5 

% 
Missing 

(of 
1,969) 

Crude OR 
(95% CI) 

P-unadj Adjusted OR 
(95% CI) 

(n = 1,380) 

P-adj 

Demographic factors 
Sex of child  0.0     

Male 90/926  Reference  Reference  
Female 184/769  2.46 (1.88–3.22) < 0.0005 2.67 (1.91–3.73) < 0.0005 

Age of child at AEDC  0.0     
5y and under 41/276  Reference  Reference  
5y1m–5y6m 121/786  0.95 (0.78–1.14) 0.561 1.07 (0.67–1.71) 0.771 
5y7m–6y 105/484  1.19 (0.97–1.45) 0.099 1.66 (1.01–2.71) 0.044 
6y1m–7y6m 7/149  0.17 (0.09–0.30) < 0.0005 0.49 (0.16–1.50) 0.21 

Maternal & pregnancy factors 
Mother ≥ 20 years old  0.0     

No 56/451  Reference    
Yes 218/1,244  1.41 (1.03–1.93) 0.031 - - 

No diabetes  0.0     
No 20/160  Reference    
Yes 254/1,535  1.32 (0.82–2.15) 0.255 - - 

No hypertension  0.0     
No 9/63  Reference    
Yes 265/1,632  1.14 (0.56–2.31) 0.724 - - 

No STI during pregnancy  0.0     
No 13/182  Reference    
Yes 261/1,513  2.42 (1.36–4.30) 0.003 - - 

Did not smoke  12.7     
No 119/741  Reference    
Yes 136/722  1.17 (0.90–1.53) 0.241 - - 

Did not drink alcohol  20.90     
No 37/182  Reference    
Yes 200/1,139  0.86 (0.59–1.27) 0.455 - - 

Antenatal visits ≥ 7 times  2.2     
No 82/596  Reference    
Yes 190/1,058  1.31 (0.99–1.72) 0.06 - - 

Plurality, twin  0.0     
Yes 7/26  Reference    
No 267/1,669  0.59 (0.26–1.38) 0.227 - - 

Parity  0.0     
≥ 4 26/234  Reference    
2–3 86/542  2.12 (1.52–2.97) < 0.0005 - - 
0–1 162/919  3.08 (2.24–4.24) < 0.0005 - - 

Perinatal factors 
No antepartum haemorrhage 0.0     

No 7/30  Reference    
Yes 267/1,665  0.69 (0.30–1.58) 0.377 - - 

No emergency CS  0.0     
No 48/311  Reference    
Yes 226/1,384  1.06 (0.76–1.48) 0.741 - - 

No fetal distress  0.0     
No 32/201  Reference    
Yes 242/1,494  1.02 (0.68–1.51) 0.932 - - 

APGAR score at 5 min ≥ 9  0.1     
No [< 5]/40  Reference    
Yes 271/1,653  2.19 (0.67–7.12) 0.194 - - 

No resuscitation at delivery  0.0     
No 156/945  Reference    
Yes 118/750  0.95 (0.74–1.23) 0.715 - - 

No special care nursery stay  0.4     
No 45/375  Reference    
Yes 228/1,314  1.45 (1.03–2.03) 0.033 - - 

Normal birthweight (≥ 2,500 g) 0.0     
No 28/228  Reference  Reference  
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Yes 246/1,467  1.37 (0.90–2.07) 0.141 2.30 (1.25-4.23) 0.007 
Term birth (gestational age ≥ 37 weeks) 0.0     

No 21/250  Reference    
Yes 253/1,445  2.08 (1.31–3.32) 0.002 - - 

Pre-term birth category (gestational age, weeks) 0.0   -  
< 34 [< 5]/69  Reference    
34–36 17/181  1.80 (0.92–3.51) 0.086 - - 
37 and over 253/1,445  3.75 (2.04–6.88) < 0.0005 - - 

No long hospital stay at birth (> 10 days) 0.0     
No 26/204  Reference    
Yes 248/1,491  1.31 (0.85–2.01) 0.225 - - 

Hospitalisation factors 
Number of hospitalisations  0.0     

2 and over 134/1,134  Reference    
1 52/290  1.92 (1.57–2.35) < 0.0005 - - 
None 88/271  3.75 (3.18–4.41) < 0.0005 - - 

Total length of hospital stay  0.0     
30 days and over 16/252  Reference    
10–29 days 57/516  1.91 (1.19–3.05) 0.007 - - 
1–9 days 113/656  4.82 (3.13–7.43) < 0.0005 - - 
None 88/271  10.12 (6.57–15.59) < 0.0005 - - 

Number of hospitalisations due to infection 
hospitalisations due to infection 

 

0.0     
2 and over 49/589  Reference    
1 58/435  1.91 (1.44–2.53) < 0.0005 - - 
None 167/671  4.68 (3.70–5.91) < 0.0005 - - 

Length of stay for hospitalisations due to infection 0.0     
30 days and over [< 5]/42  Reference    
10–29 days 6/174  0.71 (0.22–2.30) 0.566 - - 
1–9 days 26/227  3.34 (1.17–9.55) 0.025 - - 
None 238/1,252  5.48 (1.96–15.32) 0.001 - - 

Socioeconomic & other factors 
Had attended preschool  0.0     

No 23/208  Reference    
Yes 251/1,487  1.53 (0.97–2.40) 0.066 - - 

Parents/Caregiver had finished school 22.6     
No 148/1,044  Reference    
Yes 85/247  2.43 (1.80–3.28) < 0.0005 - - 

Parents/Caregiver being employed 
unemployed 

29.9     
No 41/486  Reference  Reference  
Yes 178/675  3.13 (2.18–4.48) < 0.0005 2.23 (1.50–3.30) < 0.0005 

SEIFA-Disadvantage^  0.0     
Quintile 5 (most)  116/1,320  Reference  Reference  
Quintile 4 28/82  3.84 (2.90–5.08) < 0.0005 1.17 (0.62–2.20) 0.629 
Quintile 3 61/144  5.15 (4.16–6.38) < 0.0005 1.86 (1.10–3.13) 0.02 
Quintile 2 46/119  5.02 (4.10–6.15) < 0.0005 1.20 (0.68–2.12) 0.527 
Quintile 1 (least)  23/30  7.73 (6.10–9.80) < 0.0005 1.92 (0.92–4.00) 0.082 

Remoteness  0.0     
Very remote 84/1,141  Reference  Reference  
Remote 58/253  4.55 (3.56–5.82) < 0.0005 0.80 (0.35–1.83) 0.604 
Outer regional 132/301  7.93 (6.48–9.71) < 0.0005 1.21 (0.53–2.73) 0.653 

English as first language  0.0     
No 105/1,334  Reference  Reference  
Yes 169/361  5.95 (4.54–7.79) < 0.0005 2.64 (1.72–4.03) < 0.0005 

Average household size ≤ 5  0.0     
No 31/360  Reference    
Yes 243/1,335  2.11 (1.43–3.13) < 0.0005 - - 

Average number of persons per bedroom ≤ 1.7 
per bedroom > 1.7 

0.0     
No 70/1,080  Reference  Reference  
Yes 204/615   1.53 (0.97–2.40) 0.066 2.61 (1.1–-6.01) 0.024 

^ Index of Relative Socio-Economic Disadvantage (IRSD) from ABS 
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5. School attendance 
 
Vincent He, Jiunn-Yih Su, John McKenzie, and Stefanie Schurer  

Chapter overview 

This chapter reports the findings from the analysis of linked, de-identified education and child health 

data concerning student attendance in the Northern Territory (NT) government schools. It describes 

the patterns of attendance of Aboriginal and non-Aboriginal students in urban, remote and very 

remote communities, and documents the changing trends for each of these student subpopulations.  

Further analysis is conducted to determine the extent to which school attendance rates are 

associated with individual child, family and school/community factors. The overall aim of the 

analyses reported in the chapter is to advance understanding of the relative importance of such 

factors and to identify particular factors that are potentially modifiable through targeted policy 

initiatives.  

Because previous Australian research has shown that “disparities in attendance rates are evident 

from Year 1” and “are carried into, and become wider, in secondary school” (Hancock et al. 2013), 

the chapter has included an in-depth analysis of factors associated with the attendance of students 

in Year 1, which is the first year of compulsory schooling in the NT. The chapter also describes how 

attendance rates vary within and between school terms and across all school years, which can help 

in identifying critical points in the course of a student’s school career that may represent 

opportunities for interventions to improve school attendance and retention. 

5.1 Introduction  

School attendance rates in the Northern 

Territory (NT) have historically been much lower 

than other Australian jurisdictions. In 2016, the 

rate of attendance for students in years 1 -10 

enrolled in all NT schools was 82.2%, which is 

around 10% less than the comparable rate of 

92.5% for all Australian jurisdictions (ACARA 

2016).  

In the first school term of 2017, the attendance 

of year 1 - 12 students was 90.3% for non-

Aboriginal students and 69% for Aboriginal 

students. During this period, the average 

attendance of Aboriginal students varied with 

their community’s level of geographic 

remoteness, and was 57.2% in very remote 

areas, 72.0% in remote areas and 83.7% in outer 

regional areas. (NT Department of Education, 

2017). Community and professional concern 

about continuing low rates of attendance over 

recent years has seen a series of NT and  

Australian government initiatives seeking to 

improve school attendance. For instance, the 

‘Remote School Attendance Strategy’ has 

operated in 77 remote schools in the NT and 

other jurisdictions since Term 1, 2014; it involves 

the employment of local attendance officers 

working with schools and counselling families to 

ensure children attend school regularly 

(Australian Government Department of Prime 

Minister and Cabinet 2014).  

The School Enrolment and Attendance Measure 

(SEAM) is another associated Australian 

Government initiative implemented in 

conjunction with the NT Department of 

Education since 2013, and is now running in 23 

remote NT communities (Australian 

Government Department of Human Services 

2017). The program requires that all 

parent/carers in SEAM communities who are in 

in receipt of income support payments for 

school-aged children must ensure that their 

children are enrolled in school and attending 

regularly. Where a child is not attending 
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regularly, the carers/parents are required to 

attend a conference where a school attendance 

plan is agreed. If then after every attempt has 

been made to support a child’s regular 

attendance and they are still not attending 

school, a parent’s income support payment can 

be suspended and only restored when required 

steps have been taken by the family within 13 

weeks to ensure regular school attendance.  

The NT Department of Education current 

attendance strategy ‘Every Day Counts’ involves 

a broader whole-of-government approach to 

overcome barriers to school attendance: 

Community safety and health, better family 

support, and quality early childhood services 

and schools (Northern Territory Department of 

Education 2016). It also emphasises 

strengthening partnerships with families, 

communities, schools and other agencies to 

supporting children’s active engagement in 

schooling. 

However, in remote community settings, where 

44.2% of the NT population reside, school 

attendance and educational outcomes are also 

affected by a range of other factors such as: high 

teacher turnover; student mobility; teacher and 

program quality; families’ cultural obligations; 

seasonal issues; housing overcrowding; and high 

rates of childhood illness and hearing 

impairment (Wilson 2014). A recent Queensland 

review of school attendance found that 

attendance was strongly affected by the 

economic and cultural characteristics of the 

particular communities in which children live 

(Education and Innovation Committee 2014).   

Growing concern about the slow progress in 

meeting the ‘Closing the Gap’ target of the 

Council of Australian Government (COAG) for 

NAPLAN literacy and numeracy outcomes led to 

the Productivity Commission investigating 

factors that may affect the educational 

achievement of Aboriginal primary school 

students (Productivity Commission 2014). It 

analysed de-identified national NAPLAN 

achievement data and attendance data from the 

Australian Curriculum, Assessment and 

Reporting Authority (ACARA). It found that, of 

the student’s characteristics available in the 

data, their socioeconomic status explained the 

largest amount of variation in NAPLAN 

achievement. Importantly, it also showed that 

the average attendance rate of the student’s 

school and the proportion of Aboriginal students 

enrolled in the same school were also important 

in explaining the NAPLAN achievement for 

Aboriginal students. 

5.2 Factors associated with year 

one school attendance 

Our study of NT school attendance began with 

an investigation into whether and the extent to 

which individual student characteristics and 

socio-demographic factors were associated with 

school attendance for all NT-born Year 1 

students attending NT governmental schools 

between 2005 and 2014 (N=18,440).8  

5.2.1. Data and analysis methods  

For the analysis, de-identified individual school 

attendance data provided by the Department of 

Education were linked to similarly de-identified 

individual perinatal and hospital records 

provided by the Department of Health. These 

individual records were also linked with 

community-level information sourced from 

publicly available Australian Bureau of Statistics 

(ABS) data aggregated at the level of the 

Statistical Local Area (SLA). 

The estimation of the associations between 

selected factors and Year 1 school attendance 

rates was conducted using linear regression. The 

outcome variable was the student’s attendance 

rate which was calculated as the proportion of 

school days attended (i.e. bound between 0 and 

                                                           
8
 Students with expected attendance days<50 were 

excluded, leaving 18,440 students for the analysis. 
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1). The variables in the regression model were 

selected based on previous Australia studies on 

school attendance (Hancock et al. 2013; Purdie 

and Buckley 2010; Biddle 2014). These variables 

(associated with school attendance) fell under 

the following 6 categories: 

a) Child-specific characteristics (i.e. 
demographic, perinatal and perinatal 
characteristics, and proxy for child 
health status);  

b) English as a Second Language;  
c) Parent/carers characteristics (i.e. 

socioeconomic conditions)  
d) Attended preschool;  
e) School mobility  
f) School/community characteristics. 
 

Because of the marked differences in the 

socioeconomic, demographic and cultural 

characteristics of the NT’s Aboriginal and non-

Aboriginal populations, these analyses were 

performed separately for Aboriginal and non-

Aboriginal students. Because many children 

were observed within the same school, the 

standard errors at the school level were 

clustered to account for these repeated 

observations. Associations were considered 

statistically significant if their likelihood of 

occurring by chance were estimated to be less 

than 5% (i.e. p< 0.05).  

5.2.2. Results 

In the final multivariable model, 11 predictor 

variables showed statistically significant 

associations with Year 1 school attendance rates 

for Aboriginal students, and 10 for Non-

Aboriginal students. The findings are shown in 

Figures 5.1 below, and the full modelling results 

are reported at the end of the chapter in 

Appendix 5.A.1. The predictive power of the 

model was generally better for Aboriginal 

children than for non-Aboriginal children, as 

were the predicted changes associated with 

covariates as evidenced by greater variation in 

Year 1 school attendance covered in the model 

for Aboriginal students. The results are 

expressed in terms of the number of school days 

per year (given there was a total of 200 school 

days per year). The factors found to have 

significant association with attendance rate are 

listed below together with their associated 

expected change in school attendance (that is, 

the change in the number of school days 

attended on average when the factor was 

present compared with when the factor was not 

present, with all other covariates held constant, 

which is displayed in brackets):  

 Living in a community with overcrowded 

housing, i.e. an average of more than 

two persons per bedroom (35 fewer 

days spent at school in a school year);  

 Having attended more than 30 days of 

pre-school (18 more school days 

attended);  

 Child’s parent/carer was employed (11 

more school attended); 

 English as a second language (11 fewer 

school days attended); 

 Having a parent/carer with year ten or 

more years of education (10 more 

school days); 

 Having attended two or more schools in 

a school year (9 fewer school days);  

 Living in a very remote location (6 fewer 

school days); 

 Hospitalised for an infectious disease by 

age 5.5 years (almost 4 fewer school 

days); 

 Having low-birthweight (almost 4 fewer 

school days). 

The situation was different for non-Aboriginal 

students. Their most significant factors 

associated with Year 1 school attendance were: 

 Living in a community with overcrowded 

housing (10 more school days per year)9 

                                                           
9
 This finding for non-Aboriginal students in very 

remote regions may be due to their parents usually 
being employed (e.g. as nurses, teachers, police) and 
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 Moving school within a school year was 

associated with almost 6 fewer school 

days attended 

 Twin status was associated with almost 

5 more school days attended 

 Teenage motherhood was associated 

with almost 4 fewer school days 

 Employed carer status was associated 

with almost 4 more school days 

 Maternal smoking during pregnancy (3 

fewer school days attended) 

 Mothers who attended less than the 

standard seven antenatal health care 

visits (2 fewer school days attended). 

 

5.3 Geographic location and 

predictors of attendance 

While the analysis above was informative in 

identifying the factors predictive of Year 1 

school attendance, it is equally important to 

understand whether and to what extent their 

predictive power differed by the geographic 

remoteness of the school. This is important, 

given that schools in remote and very remote 

areas have different resources and constraints 

on their capacity to cater for the needs of their 

student populations than schools in outer 

regional areas such as Darwin. 

5.3.1 Data and analysis methods  

A variance decomposition analytic approach was 

used. Firstly, the total variation explained by the 

variation in all observable factors (i.e. the model 

covariates) is calculated. This is followed by a 

calculation of the percentage contribution each 

of the predictor variables makes to the total 

explained variation in Year 1 school attendance. 

Also, to avoid estimating too many separate 

coefficients, this analysis was conducted by 

grouping the significant predictor variables by 

                                                                                        
having higher household income than the community 
average.  

type (Meghit and Rivkin 2010). These variable 

groups were: 

a) Child-specific characteristics: age, gender, 

‘born as first child’, ‘birth parity’, 

birthweight, ‘mother’s age when child 

was born’, ‘mother’s smoking status’, 

‘more than 7 antenatal visits’, 

‘hospitalisations due to infectious 

diseases before the age of 5.5 years’; 

b) English as a second language;  

c) Parent/carers characteristics: employed 

vs. non-employed, completed Year 10 vs. 

not completed Year 10;  

d) Attended preschool;  

e) School mobility: attended more than one 

school in a school year;  

f) School/community fixed characteristics10 

i.e. unmeasured school/community 

factors which are assumed to have 

remained essentially constant between 

pre-school and Year 1.  

The analysis then calculated the contribution of 

each variable group to the overall variation in 

school attendance by the three levels of 

geographic remoteness defined in the ARIA. The 

percentage contributions of all 6 groups of 

variables therefore add up to 100%. This 

statistical method enables a comparative 

assessment being made of how each of the 

variable groups influence the spread in Year 1 

school attendance in each of the 3 available 

levels of geographic remoteness in the NT. 11  

The findings of this analysis are shown 

graphically in Figure 5.2 below, and details of 

the estimation results are provided in Appendix 

Table 5.A.2.  

                                                           
10

 The school/community fixed effect refers to the 
assumption that the net effect of the overall 
characteristics of each school and its community 
remain essentially constant. 
11

 Accessibility/Remoteness Index of Australia 
(ARIA+). 
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Figure 5.1 Changes in school days attended in Year 1 associated with the 

selected factors as predicted by the adjusted model  

 
 

 
* Indicates statistical significance at the 5% level (p< .05) 
 

Of particular note is that the full model 

explained almost 42%, 35%, and 32% of the 

variation in school attendance for Aboriginal 

students in very remote areas, remote areas, 

and outer regional areas, respectively. In 

contrast, the model explained only 18%, 13%, 

and 8% of the variation in school attendance of 

non-Aboriginal students in very remote areas, 

remote areas, and outer regional areas, 

respectively (see Table 5.A.2 in the Appendix). 

The fixed characteristics of individual schools 
and their communities thus emerged as the 
dominant predictor of Year 1 school attendance 
in very remote schools for both Aboriginal and 
non-Aboriginal students, explaining 67% and 
80% of the explained variation in attendance, 
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respectively. In contrast, in the outer regional 

regions, school/community fixed effects 

explained just 12% of the variance in Year 1 

school attendance for Aboriginal and 28% for 

non-Aboriginal students.  

For both Aboriginal and non-Aboriginal students 

preschool attendance contributes substantially 

to the explained variation in Year 1 attendance, 

ranging between 21% and 31%. Notably, 

preschool attendance accounted for almost one-

third of the explained variation for Aboriginal 

students living in the outer regional regions. The 

only exception was for non-Aboriginal students 

in very remote schools, where variation in 

preschool exposure contributes little to the 

Figure 5.2. Percentage contribution of variable groups to the total explained 

variation in school attendance by geographic remoteness for a) Aboriginal, 

and b) non-Aboriginal students 
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variation in school attendance (3%). Variation in 

students’ school mobility was only relevant to 

variations in Year 1 school attendance for 

Aboriginal students in outer regional schools 

(16%), and non-Aboriginal students in remote 

schools (19%). The education and employment 

status of parents/carers explained a large 

proportion of the variation in Year 1 school 

attendance for Aboriginal students living in the 

remote regions (26%) and both Aboriginal and 

non-Aboriginal students living in the outer 

regional regions (21% and 14% respectively). 

In summary, these findings suggest that 

especially for students in very remote areas, the 

nature of a student’s school and their 

community circumstances were the 

predominant influence on students’ year 1 

attendance.  

5.4. Weekly attendance over the 

school year 

While the previous analyses focused on school 

attendance in Year 1 only, in this section we 

expand the analysis to consider attendance over 

the years of compulsory schooling from Year 1 

to Year 10. This broader focus enables 

investigation of factors influencing attendance 

at different stages of a student’s school career. 

The greater variation in the data also enables 

examination of the impact of seasonal and 

weekly variation in school attendance.  

5.4.1 Weekly attendance rates by 

school year 

The investigation started with a descriptive 

analysis of the weekly variation in attendance 

rate (calculated as the proportion of school days 

recorded as having attended school) across the 

full school year. Figure 5.3 depicts the changes 

in school attendance rates for different stages of 

schooling years, including early years (Years 1-3 

of primary school), primary years (Years 4-6 of 

primary school), middle years (Years 7-9) and 

Year 10, separately for Aboriginal and non-

Aboriginal students by geographic remoteness. 

The weekly attendance rates were calculated 

and displayed in Figure 5.2 for each of the 10 

weeks of the four school terms of a year.  

For both Aboriginal and non-Aboriginal students, 

the overall pattern of attendance within each 

school term was essentially the same, 

independent of the school’s geographic 

remoteness. This follows a hump-shaped 

pattern in each of the quarterly school terms i.e. 

attendance rates are substantially lower in the 

first and last weeks of each school term. They 

are also lower for Aboriginal students in very 

remote locations in the third and fourth quarter 

of the year. 

Attendance rates were much the same for non-

Aboriginal students regardless of their school’s 

geographic location. In contrast, the attendance 

rates of Aboriginal students vary markedly 

between different levels of geographic 

remoteness. This heterogeneity in attendance 

rates by school location was observed for all 

year levels. While attendance rates at the 

beginning of the school year are 80% (or higher) 

for Aboriginal students in outer regional 

locations, they are just 65% (or less) in very 

remote areas. 

The attendance of Aboriginal students in very 

remote areas can be seen to drop markedly in 

the later years of schooling. For instance, their 

attendance rates are just 60% in the first quarter 

of Years 7-9, but are less than 50% in Year 10. 

Furthermore, attendance of Year 10 Aboriginal 

students falls to 40% in terms 3 and 4. Possible 

reasons for the extent of this drop in attendance 

in terms 3 and 4 are not evident from these 

analyses, but could reflect seasonal patterns of 

mobility and cultural activities in different parts 

of the NT. 
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Figure 5.3. Patterns of weekly school attendance rates, by Year-level 

 
 

 

 

 

Figure 5.4. School attendance by Year level (Transition to Year 12) and 

remoteness* 

 
                                             This graph uses the same legend as that of Figure 5.3.
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5.4.2 Annual attendance rates by 

school year 

After investigating the variations of weekly 

attendance rates across the 4 terms of the same 

school year, the analysis further examined the 

patterns of yearly school attendance rates from 

Transition to Year 12 by the level of geographic 

remoteness of the schools (see Figure 5.4 

above). It can be seen that attendance rates 

tend to drop off from Year 6 onward for both 

Aboriginal and non-Aboriginal students. 

Attendance rates for Aboriginal students in very 

remote areas in Year 11 and 12 remain at 40%. 

In contrast, attendance rates in Year 12 for 

Aboriginal students in outer regional and remote 

schools increase again to reach almost the same 

levels of school attendance of non-Aboriginal 

students. This is likely to be an artefact of the 

drop in enrolments of Aboriginal children after 

the age of compulsory schooling (about Year 10) 

and that Aboriginal students who remained in 

school became were those who likely attended 

school regularly throughout their careers and 

continue to do so as they are committed to 

completing high school. 

5.5 Health status and attendance 

To further investigate the findings described in 

sections 5.2 and 5.3 (above) concerning the 

extent to which child-specific factors were 

associated with school attendance, we then 

investigated how the rates of early childhood 

(i.e. up to age 5.5 years) infectious diseases 

might be associated with children’s subsequent 

attendance in Year 1. This is important for the 

NT setting because hospitalisation due to 

infectious diseases is a commonly used indicator 

of the general health status of child populations 

(Santos et al. 2012) and the hospitalisation rates 

for childhood infectious diseases have been high 

in the NT (O'Grady, Torzillo, and Chang 2010; 

Carlin et al. 1998; Clucas et al. 2008; Currie and 

Carapetis 2000). 

It can be seen in Figure 5.5 (below) that, while 

the hospitalisation rate (defined in this section 

as the proportion of students ever being 

hospitalised due to infection-related diseases 

before the age of 5.5 years) did not differ among 

the 4 bands of attendance rates in non-

Aboriginal students, it showed a decreasing 

gradient from the lowest band of attendance 

rates to the highest one. In other words, our 

analysis showed that, in Aboriginal students, as 

the hospitalisation rate due to infectious 

diseases increases, the likelihood for Aboriginal 

students to have lower attendance rates 

increases. Further details of the gradient in 

school attendance associated with different 

types of hospitalisations up to age 5.5 years are 

provided in Appendix Table 5.A.3. 

5.6. Early childhood 

development and attendance 

We next investigated the association between 

children’s Year 1 school attendance and their 

early development outcomes assessed in the 

2009 and 2012 Australian Early Development 

Census (AEDC). Children’s AEDC scores are 

considered a reliable indication of their 

readiness for formal schooling (Australian 

Government Department of Education and 

Training 2015). Children are assessed by 

teachers using the AEDC on-line checklist early 

in their first year of compulsory education – 

usually when aged around 5 years. 

For the purpose of this investigation, an analysis 

cohort was assembled which comprised 3,681 

NT-born children who had been assessed in the 

2009/10 and 2012 Australian Early Development 

Census (AEDC) and attended Year 1 in NT 

government schools. Univariable linear 

regression was performed to produce 

unadjusted estimates of each included 

covariate’s association with the outcome 

measure. It was followed by multivariable 

regression modelling performed with 

adjustment for school-fixed effect to 
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Figure 5.5 Percentage of Year 1 students hospitalised for infection-related 

diseases before 5.5 years old 

 
produce the adjusted estimation of 

association at the level of schools. Potential 

confounding and influence coming from 

other factors was controlled for by 

retaining a number of factors based on past 

literature in the adjusted model. They 

included: the child’s age in months at the 

time of AEDC; gender; English as a second 

language (ESL); student mobility (a derived 

dichotomous variable on whether the child 

had attended 2 or more schools in Year 1); 

% of preschool days attended; history of 

low birthweight; whether born to a teenage 

mother; parent/carer’s employment status; 

and parent/carer’s educational status.  

Given there was a total of 200 school days 

per year, the results are expressed in terms 

of the estimated reduction in days of school 

attendance associated with being 

‘developmentally on-track’ and 

‘developmentally vulnerable’ on each of the 

five AEDC domains, and being 

‘developmentally vulnerable on one or more 

domains’ (DV1), and being ‘developmentally 

vulnerable on two or more domains (DV2).’  

Figure 5.6a below describes the unadjusted 

findings while Figure 5.6b presents adjusted 

results from the final model where effects 

of the other covariates are taken into 

account. Further details on the median 

attendance rates for students that are 

developmentally ‘on-track’ and ‘vulnerable’ 

for each of these AEDC domain and general 

outcome scores are provided in the chapter 

appendix (Table 5.A.4). 
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Figure 5.6a Expected reduction in Year 1 school attendance associated with 

vulnerable outcomes in specific AEDC domain(s) by Aboriginal status of 

students (unadjusted findings) 

 

 
# The expected associated change is reported as the reduction (in days) of school days attended in a school year.  
* Indicates statistical significance of the association at the 0.1% level (p<0.001) 

 

Figure 5.6b Expected reduction in Year 1 school attendance associated with 

vulnerable outcomes in specific AEDC domain(s) by Aboriginal status of 

students (adjusted findings) 

 
# The expected associated change is reported as the reduction (in days) of school days attended in a school year.  
* Indicates statistical significance of the association at the 0.1% level (p<0.001) 
~ Indicates statistical significance of the association at the 1% level (p<0.01)
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5.7 Discussion 

The findings reported in this chapter add to the 

Australian literature on the school attendance of 

Aboriginal students by the analysis of NT 

student’s daily school attendance records linked 

with other unit-record administrative data. This 

has enabled the use of advanced statistical 

techniques to investigate a broader range of 

factors affecting NT school attendance in ways 

not previously possible.  

However, given their quantitative nature and 

the inherent limitations, the available linked 

data did not enable consideration of other key 

factors identified in the literature such as school 

not being sufficiently engaging for Aboriginal 

children and their families (Boulden 2006; 

Krakouer 2016); and issues such as bullying and 

racism which can both have profound effects on 

student attendance, achievement, well-being 

and self-concept (Biddle and Priest 2014; 

Bodkin-Andrews 2011; Bodkin-Andrews and 

Craven 2014; Bodkin-Andrews, Denson, and 

Bansel 2013; Bodkin-Andrews et al. 2010; 

Zubrick et al. 2010). These are all important 

points to bear in mind when considering the 

implications and significance of these findings.   

Our analysis approach was informed by one of 

the key findings of the 2013 Western Australian 

school attendance study which linked data on all 

children attending WA Government schools over 

a two year period (Hancock et al. 2013). They 

established that a child’s pattern of school 

attendance is established very early in the 

course of their school career and tend to persist 

over time. We therefore began our analysis with 

an investigation of how the data we had 

available on child-specific and socio-

demographic factors was associated with Year 1 

school attendance.  

 

 

5.7.1 Predictors of Year 1 attendance 

For Aboriginal students, the factor having the 

greatest impact on Year 1 attendance was living 

in a community with overcrowded housing (i.e. 

an average of more than two persons per 

available bedroom in the community). After 

taking account of the effects of the other factors 

in the analysis, this factor alone was associated 

with 35 fewer school days attended in the 

school year. Where a child’s circumstances 

include all the factors having a significant 

adverse effect this could result in almost 90 days 

of school absence in a school year, which is close 

to 50% of the approximately 200 possible school 

days a year (Hughes 2015).   

These findings point to a number of preventable 

or modifiable factors which should be addressed 

to school attendance in the NT and which should 

be a more central focus of public policy.  

Firstly, improving family housing circumstances 

– especially in remote communities – would 

appear to offer significant potential for 

improving Aboriginal children’s participation in 

school as well as many other aspects of their 

health and development.  

Secondly, recent government initiatives to 

increase Aboriginal children’s opportunities for 

participating in preschool seem well-placed and 

should be extended. For example, through the 

first National Partnership Agreement on Early 

Childhood Education (National Partnership) 

signed by the Council of Australian Governments 

in late 2008, all governments in Australia 

committed to providing all children the access to 

a quality early childhood education program, 

delivered by a qualified early childhood teacher 

for 15 hours per week in the year before they 

attend full-time school (Australian Government 

Department of Education and Training 2017). It 

is encouraging therefore to see the Australian 

Government committing a further $428 million 
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to provide a one-year extension to these 

National Partnership arrangements.  

Thirdly, more investment is needed to enable 

schools and teaching staff to support the specific 

language and learning needs of Aboriginal 

children who have English as second language – 

especially in their early years of schooling. This 

need is further heightened by our findings in 

Chapter 4 that ESL was a strong predictor for 

being developmentally vulnerable. While the 

findings from this analysis are consistent with 

other studies in confirming the benefits for 

parents having higher levels of education and 

being employed, they also show how student 

mobility between schools, and children’s health 

status are also key factors affecting school 

attendance.  

5.7.2 Factors affecting attendance by 

region 

The next stage of analysis sought to further 

investigate how the effects of these 

socioeconomic, family demographic and child 

specific factors differed according to the 

geographic remoteness of the school and its 

community. A particular advantage of the 

statistical procedure used in this analysis (fixed 

effects modelling) is that it enables estimation of 

the independent contribution which each of the 

non-school and community factors makes to the 

overall observed variation in attendance. 

However, the limitation of this procedure is that 

it combines the percentage variation associated 

with the school and local community effects. 

That said, the findings offer useful insights into 

the relative importance of the non-

school/community factors and how these differ 

by the school’s level of remoteness.   

This modelling showed that the fixed effects of 

individual schools and their communities were 

by far the most dominant predictor of Year 1 

school attendance in remote and very remote 

schools explaining 67% and 80% of the explained 

variation for Aboriginal and non-Aboriginal 

students respectively. In contrast, in outer 

regional and remote schools, these effects 

explained just 12% of the explained variance. 

But in these areas, attendance at preschool and 

parent/carer characteristics were relatively 

more influential. Also student mobility 

contributed more to attendance variation in 

outer regional schools than in remote or very 

remote school (16.3% vs. 4.7% and 1.1% 

respectively). In summary variation of these 

influences on Year 1 attendance by the school’s 

level of remoteness highlights the need for 

school attendance policies to be tailored 

according to the evidence of which factors 

matter most in each area of school remoteness. 

The descriptive analysis of how attendance rates 

varied from week to week within school terms 

and across the full school year for Aboriginal and 

non-Aboriginal students in different year-levels 

(Early years, Primary school, middle school, Year 

10), yielded some important policy relevant 

findings. The marked drop in attendance evident 

in the first and last few weeks of each school 

quarter represents a significant lost opportunity 

for school learning. Given overwhelming 

evidence in the literature that every day of 

schooling matters for student’s educational 

outcomes, preventing the high number of these 

lost days of attendance would seem a worthy 

policy objective. The adverse effect of these 

absences on student educational outcomes 

need to be better understood by parents and 

carers. Schools should also engage with their 

communities in developing locally relevant 

solutions. One such example of a community 

solution for this type of problem is the ‘wet-

season’ school initiative developed in 

Gunbalanya (Trevaskis 2012). This involved 

modifying the school calendar to make schooling 

available when families are unable to leave the 

community in the height of the ‘wet’ season.  
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5.7.3 Attendance and retention 

The findings that attendance rates tend to drop 

off from Year 6 onward for both Aboriginal and 

non-Aboriginal students highlights the 

importance of middle schooling in maintaining 

the engagement of students. For children and 

young people in traditional Aboriginal 

communities this can be the age when there are 

cultural obligations associated with initiation 

which can involve time spent out of the 

community (McTurk et al. 2008). The newly 

attained adult status of initiated students can 

also affect student attitudes towards schooling. 

Recent NT policy initiatives to increase the 

availability of more adult oriented VET in school 

programs appear to be having some success in 

this regard (Spiers and Spiers 2007; Miller 2005) 

- especially those which can be seen to lead to 

valued local employment opportunities such as 

child care and education, hospitality, housing 

construction and maintenance etc. At the same 

time, it is important to note that while 

attendance rates for Aboriginal students in very 

remote areas in Year 11 and 12 remain at 40%, 

the attendance rates of Year 12 Aboriginal 

students in outer regional and remote schools 

are almost the same as those of non-Aboriginal 

students.  

5.7.4 Child health and attendance 

Using data in childhood hospitalisation for 

infectious diseases (i.e. up to age 5.5 years) as a 

general indicator of child health status, the 

investigation of how this related to Year 1 

attendance yielded some interesting 

observations. Given the much higher overall rate 

of hospitalisations of Aboriginal children it was 

not surprising this was found to be more 

prevalent for Aboriginal students across all 

bands of attendance. However, the most useful 

finding is the association between the infection-

related hospitalisation rate and school 

attendance rate in Aboriginal students. This 

finding on the one hand provides indication for 

the association between child health status and 

school attendance, on the other hand, it also 

shows that, improving the health status of 

children also is an important measure for 

improving school attendance, which is especially 

important for the NT setting where rates of 

paediatric infection are high in Aboriginal 

children. 

These findings are consistent with other 

Australian studies such as the Growing Up in 

Australia: The Longitudinal Study of Australian 

Children (LSAC) and the Longitudinal Study of 

Indigenous Children (LSIC) (Purdie and Buckley 

2010). In the LSAC, child health was found to be 

one of the main reasons for non-attendance, as 

reported by both teachers (on average, 50% of 

absences at all ages) and parents (around 73% 

across different ages). Results from a 

multivariable regression analysis using wave 

three data from the LSIC (Biddle 2014) also 

identified child health as the factor most 

strongly associated with school attendance, 

after adjusting for other factors in the model 

(Biddle 2014).  

5.7.5 Child development and 

attendance 

The importance of children’s early development 

and health have long been recognised as being 

of relevance to their making a successful 

transition into school learning (McTurk et al. 

2008). The availability of Australian Early 

Development Census (AEDC) data collected in 

children’s first year of full-time schooling 

enabled investigation of how children’s 

developmental status on school entry was 

associated with their Year 1 attendance. The 

AEDC teacher rated measure has been culturally 

adapted to maximise its measurement 

equivalence and inclusive use for assessing 

Aboriginal and non-Aboriginal students (Silburn 

et al. 2009). However, its use as a measure of 

school readiness of Aboriginal students has been 

questioned (Li, D'Angiulli, and Kendall 2007). 
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Others have argued that it can also be used by 

teachers and schools to assess their own 

readiness to cater for the specific learning needs 

of its student population (Goldfeld et al. 2016). 

Our analysis showed that there was little 

difference between the attendance rates of non-

Aboriginal students assessed as developmentally 

‘on track’ and those who were developmentally 

‘vulnerable’ on each of the AEDC scores. 

However, for Aboriginal students, the 

attendance of students assessed as 

developmentally ‘vulnerable’ were generally 

lower than those considered developmentally 

‘on-track’in particular for the AEDC scores on 

the ‘Language and cognitive skills’ domain 

(median school attendance rate of 65.3% vs. 

82.7%) and ‘Communication skills and general 

knowledge’ domain (66.3% vs. 80.1%). 

5.7.6 Limitations and future research 

While the findings reported in this chapter have 

necessarily been confined to the types of 

analysis possible using the de-identified linked 

administrative data available in early 2017, 

these data have since been updated and linked 

with other data from additional NT 

administrative datasets. These new data include 

information on children’s contact with the NT 

child protection system, their contact with 

primary health care services, and ear health and 

hearing status. It is important that future 

research uses information available from these 

new datasets to extend this investigation to 

make a more comprehensive analysis of the 

many factors affecting school attendance.   

Another limitation of the present study is that 

fixed effects modelling used to identify the 

proportion of attendance variance attributable 

to specific factor groups was not able to 

separate out the extent to which school factors 

and community factors each contribute to the 

overall variation in student attendance. Future 

studies should therefore aim to include a range 

of community and school characteristics.  

Community characteristics of possible relevance 

to school attendance which could be used in 

future studies include the number of usual 

residents, the ratio of children to adults, the 

ratio of Aboriginal to non-Aboriginal residents, 

the percentage of adults who speak English as a 

first language, the percentage of Adults with 

year 9 or more education, the percentage of 

adults employed, family food security, housing 

adequacy, and community safety.   

School characteristics which should be 

considered in future studies of school 

attendance outcomes might include factors such 

as the school size and staffing, the 

teacher/student ratio, the ratio of Aboriginal to 

non-Aboriginal staff, the annual rate of teacher 

turnover, perceived curriculum relevance, 

ratings of teaching quality, teacher and parent 

ratings of parent and child engagement with 

school, and parent ratings of the school’s 

engagement with the community.  
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5.9 Appendices 

Table 5.A.1 Results of multivariable regression modelling on selected 

predictors for Year 1 school attendance 

Predictor variables* 
Aboriginal Non-Aboriginal 

days 95%        CI* p days 95%       CI* p 

Age < 6 yrs old 0.8 -1.6 3.2 0.493 -0.5 -1.3 0.4 0.291 

Male -2.0 -3.8 -0.2 0.031 -0.1 -0.8 0.6 0.835 

Remote -5.8 -10.9 -0.7 0.026 -0.7 -2.2 0.8 0.369 

ESL -11.0 -13.8 -8.2 0.000 -2.1 -2.9 -1.2 0.000 

Changed School in 1 year -9.1 -12.3 -5.9 0.000 -5.4 -7.8 -2.9 0.000 

Preschool 17.8 12.9 22.6 0.000 2.0 0.0 4.0 0.054 

First Child -2.2 -4.0 -0.3 0.021 -0.9 -1.6 -0.3 0.006 

Twin 7.9 -0.5 16.2 0.065 4.4 2.4 6.4 0.000 

LBW -3.4 -6.7 -0.1 0.045 -2.0 -3.8 -0.2 0.034 

Teenage Mum -3.1 -6.5 0.2 0.063 -3.9 -6.2 -1.6 0.001 

Mum Smoking -2.6 -5.0 -0.2 0.034 -1.6 -2.8 -0.4 0.007 

< 7 Antenatal Visits -2.0 -4.5 0.6 0.132 -2.7 -3.9 -1.5 0.000 

Employed Carers 10.9 8.0 13.8 0.000 3.8 1.4 6.2 0.002 

Carer Completed Y10 9.2 6.8 11.6 0.000 1.8 1.0 2.6 0.000 

Infectious diseases 
Hospitalisations -3.5 -6.3 -0.7 0.014 -0.3 -1.3 0.7 0.509 

Lived in Communities with 
Overcrowded Housing -35.2 -52.3 -18.2 0.000 9.7 4.5 15.0 0.000 

R2 0.333 0.064 
* Confidence interval         

 Note: All coefficients are estimated with linear regression models where the dependent variable is the 

                   predicted annual Year 1 school attendance and standard errors are clustered at the school level. 

Table 5.A.2 Percent contribution of block of variables to explained variation in 

Year 1 school attendance rates 

Aboriginal status 

Block of variables  

Level of 
Remoteness 

Child 
specific 
factors 

ESL Parent/ 
carer 
charac-
teristics. 

Preschool 
exposure 

School 
mobility 

School/ 
community 
fixed 
effects 

Explained 
variation 
(R2) 

Non-Aboriginal Outer Regional 18.3 6.0 14.1 27.3 5.9 28.4 0.083 

Non-Aboriginal Remote 32.7 0.8 1.9 25.4 18.7 20.6 0.132 

Non-Aboriginal Very Remote 18.9 0.2 0.6 2.7 0.4 79.5 0.183 

Aboriginal Outer Regional 13.4 6.7 21.2 30.5 16.3 11.9 0.318 

Aboriginal Remote 15.7 9.8 26.1 23.3 4.7 20.3 0.352 

Aboriginal Very Remote 3.4 2.9 5.4 20.6 1.1 66.6 0.415 
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Table 5.A.3. Proportion of children having hospitalisation history before age 

5.5 years old, by school attendance band and principal diagnosis 

 School Attendance bands (n) 

Aboriginal children <60%  

(n=3469) 

60%-79% 

(n=2772) 

80-89% 

(n=1900) 

90-100% 

(n=1756) 

Avoidable hospitalisation* 63.2 59.2 53.4 45.3 
Hospitalised for 3 or more times 40.0 35.2 29.6 25.5 
Total Length of Stay >=30 days 15.4 12.7 8.9 7.4 
Infectious diseases  59.6 55.4 48.7 40.3 
Respiratory Diseases  36.9 34.5 29.8 25.5 
Acute lower respiratory tract infections 32.5 29.2 24.1 19.4 

Acute upper respiratory tract infections 6.2 6.4 6.0 5.3 
Urinary tract infection 2.9 2.8 2.5 1.5 
Gastroenteritis  29.8 26.2 20.9 15.7 
Bacterial/unspecified pneumonia 17.9 16.3 11.5 9.3 
Injuries 11.6 12.2 10.0 12.3 
Nutritional Deficiency  5.0 2.8 2.4 1.6 

Dental (dental caries, pulp, periodontal) 7.4 6.7 7.9 6.3 
      School Attendance bands (n) 

Non-Aboriginal children <60%  

(n=86) 

60%-79% 

(n=521) 

80-89% 

(n=2031) 

90-100% 

(n=5905) 

Avoidable hospitalisation 18.6 23.2 24.3 20.7 
Hospitalised for 3 or more times 12.8 13.2 10.3 7.9 
Total Length of Stay >=30 days 3.5 2.5 2.1 1.0 
Infectious diseases  17.4 17.7 19.4 17.1 
Respiratory Diseases  11.6 12.7 13.2 11.1 
Acute lower respiratory tract infections 8.1 6.3 6.8 5.3 

Acute upper respiratory tract infections 4.7 3.5 3.2 2.6 
Urinary tract infection 0.0 1.2 1.2 0.9 
Gastroenteritis  5.8 6.0 5.9 4.7 
Bacterial/unspecified pneumonia 3.5 2.5 3.2 2.3 
Injuries 3.5 9.8 7.3 6.7 
Nutritional Deficiency  1.2 0.4 0.1 0.1 

Dental (dental caries, pulp, periodontal) 2.3 3.5 3.1 2.0 

*Definition used in Falster, K., E. Banks, S. Lujic, M. Falster, J. Lynch, K. Zwi, S. Eades, A. H. Leyland and L. Jorm (2016). 

"Inequalities in pediatric avoidable hospitalizations between Aboriginal and non-Aboriginal children in Australia: a population 

data linkage study." BMC pediatrics 16(1): 169. https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-016-0706-7 

Table 5.A.4. Median attendance rate (%) of students having developmentally 

‘on-track’ or ‘vulnerable’ outcome by individual AEDC domain 

 

AEDC outcomes 

        Aboriginal                           Non-Aboriginal 

%  

On track 

% 

Vulnerable 

%  

On track 

% 

Vulnerable 

Physical health and wellbeing 
Social competence 
Emotional maturity  
Language and cognitive skills  
Communication skills and general knowledge  
Developmentally vulnerable on 1+ domains 
Developmentally vulnerable on 2+ domains  

79.0 
78.4 
78.3 
82.7 
80.1 
84.6 
81.6 

 
 

69.7 
70.9 
70.5 
65.3 
66.3 
70.4 
67.2 

 
 

94.0 
94.1 
94.0 
94.0 
94.1 
94.1 
94.1 

 
 

93.8 
92.1 
93.4 
92.9 
90.8 
93.1 
92.4 

 
 

 

https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-016-0706-7
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6. Preschool participation, school attendance and 

academic achievement 
Stefanie Schurer, Georgina Nutton, John McKenzie, Jiunn-Yih Su and Sven Silburn 

Chapter overview 

This chapter builds on the findings reported in Chapter 5 to investigate how children’s participation 
in preschool is linked with their subsequent attendance and academic achievement in primary 
school. Understanding the nature of these relationships is of high policy relevance considering the 
increased investment of the Australian and Northern Territory (NT) governments in preschool 
education over the past decade through programs such as Universal Access to Preschool (Council of 
Australian Governments (COAG) 2009) and the National Partnership for Indigenous Early Childhood 
(COAG 2008). The series of analyses reported here describe the pattern of these associations 
separately for Aboriginal and non-Aboriginal children. They further investigate how the three main 
modes of remote preschool delivery in the NT (i.e. general preschools (including satellite 
preschools), early years (EY) classes, and mobile preschools) performed in improving children’s 
propensity to have better attendance in their early primary school years, and how this differs for 
children in urban and remote settings. School fixed effects regression modelling, with appropriate 
adjustment for potential and available confounders, is used to predict how much Aboriginal 
children’s levels of preschool attendance would need to be increased to lift their EY school 
attendance above the NT Aboriginal population mean. We then describe how different levels of 
preschool attendance of Aboriginal children in remote regions are associated with higher levels of 
school achievement (National Assessment Program – Literacy and Numeracy (NAPLAN)), and the 
extent to which this is mediated by their preschool attendance rates. The chapter concludes with a 
discussion of the policy implications of the findings, particularly on the evidence they provide for 
defining the minimum preschool attendance needed for longer-term educational benefits. This 
discussion also suggests areas for future data linkage and qualitative research.

 

6.1 Background 

The last decade has witnessed extensive 

preschool expansion reforms in Australia 

including the NT. Significant policy and 

regulatory reforms initiated by COAG have 

increased investments in access and quality of 

preschool programs such as the National 

Partnerships for Early Childhood, Universal 

Access to Preschool (COAG 2009), and 

Indigenous Early Childhood Development (COAG 

2008). These reforms are key components of the 

Australian and NT government responses to the 

Ampe Akelyernemane Meke Mekarle “Little 

Children are Sacred” Report (Wild and Anderson 

2007), which recommended expansion of 

preschool provision as a systemic ‘intervention’ 

to reduce the disadvantage of low school 

attendance and subsequent life outcomes in the 

NT. Prior to 2007, the many (perceived) 

challenges to service provision and access in the 

NT due to geographic dispersion, small and 

diverse populations and socioeconomic 

disadvantage, led to new types of preschool 

delivery models that have not been seen 

elsewhere in the country. The expansion of 

preschool programs included multi-level early 

years classes, mobile preschools, or distance 

education (via School of the Air), and satellite 

preschools for very small communities where 

transporting children to standard onsite and 

standalone preschool services on a primary 

school site were not feasible (NT Department of 

Education 2017).  

Other integrated service platforms were also co-

funded as part of the NT Government’s Closing 

the Gap strategy and the Indigenous Child 
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Development National Partnership Agreement 

(e.g. Families as First Teachers in 2009). Further 

social policy reforms have been implemented in 

response to the Growing them Strong, Together: 

Promoting the safety and wellbeing of the 

Northern Territory’s children report (Bamblett, 

Bath and Roseby 2010), and in response to 

recommendations of A Share in the Future: 

Review of Indigenous Education in the NT 

(Wilson 2014) to address the limited progress in 

educational engagement and achievement.  

These NT educational policy reforms follow an 

international trend in expanding children’s 

preschool opportunities. A large international 

literature has demonstrated that participation in 

preschool plays a key role in helping children, 

particularly those from disadvantaged 

backgrounds, to prepare for the challenges of 

the formal school education system (Bennett 

and Tayler 2006; Fox and Geddes 2016; Goldfeld 

et al. 2016; Neuman and Bennett 2001). 

Because children from income- or education-

poor backgrounds often start from lower 

developmental baselines, they are likely to 

experience greater gains in measures of school 

readiness as a result of attending high-quality 

preschool (Burchinal et al. 2006; Entwisle and 

Alexander 1998; Magnuson, Ruhm, and 

Waldfogel 2007). Unfortunately, children with 

the highest expected gains from preschool 

attendance are often also the ones who are 

least likely to attend preschool, and this holds 

true also for Aboriginal children (see Biddle 

2007). Qualitative evidence from observational 

studies highlighted that many Aboriginal parents 

and carers had negative schooling experiences 

and subsequently mistrusted the education 

system, making it difficult for them to support 

their children’s schooling experiences (Frigo et 

al. 2004; Hewitt and Walter 2014; Homel et al. 

2006).  

Preschools are one way to help children and 

parents engage early with and build trust in the 

education system in the NT. However, to date 

there is no population-based empirical evidence 

on whether preschool services provided in the 

NT indeed help children to better engage with 

the education system and thus facilitate school 

learning. Most Australian studies of Aboriginal 

children’s transition to school learning comprise 

observational case studies, small-scale 

comparative studies and qualitative surveys 

(Silburn et al. 2011). In the early 2000s these 

studies focused on the development of ‘school 

culture’ skills such as following routines and 

classroom behaviours (Clancy, Simpson, and 

Howard 2001; Collins and Lea 1999; Simpson 

and Clancy 2000).  

Subsequent studies emphasised the importance 

of these skills for Aboriginal children’s successful 

transition to formal schooling (Dockett et al. 

2008; Martin 2016; Townsend-Cross 2004). It is 

found that very remote NT communities often 

have limited resources to support parents in 

engaging their children with academic 

socialisation activities to support their 

transitioning from home to school (Collins and 

Lea 1999; Hanlen 2007; Hewitt and Walter 2014; 

Hill et al. 2002). 

It has also been recognised that program 

quality—independent of costs—are key to 

parental engagement and academic success 

(Cloney et al. 2016; Hattie 2003), and this is also 

true in the Australian setting (Grace, Bowes, and 

Elcombe 2014). Shonkoff and Phillips (2000) 

identified five factors that determined quality in 

preschool: (1) personalised and responsive 

services in delivery method; (2) precise and 

explicit content and procedures; (3) timing, 

intensity and duration matched to the 

developmental needs of participants; (4) 

educators who were highly knowledgeable, 

skilled and expert in developing relationships 

with participants, and (5) programs that were 

centre-based or which combine centre and 

some home visiting, to enable family 

approaches with more community-based 

connections wrapped around families.  
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Culturally responsive and inclusive programs in 

which educators focus on engaging children 

have been found to improve attendance in 

Australia (Biddle 2007; Dockett et al. 2008; 

Leske et al. 2015; Martin 2016). In particular, 

warm and responsive care is a critical feature of 

quality programs (Arnold et al. 2007; Briggs and 

Potter 1999; Losey 1995; NAEYC 2005). Yet, 

although some Australian studies have focused 

on the development of program quality 

indicators (Cloney et al. 2016; Krieg et al. 2015), 

measuring quality with routine administrative 

data is inherently difficult. 

This chapter examines the impact of children’s 

preschool attendance and dosage on their 

subsequent attendance in the EY of primary 

school (i.e. Transition to Year 3) and school 

achievement between 2005 and 2014. In the NT 

there are alternative service delivery models for 

preschool programs, which are largely a function 

of community size and remoteness. There are 

some indications that the quality of preschool 

programs may be impacted by these service 

delivery models. It is hoped that the 

investigation in this chapter may shed light on 

the heterogeneity in the impact of preschool 

attendance by preschool type in very remote 

locations, where service delivery models vary 

the most. We further use the results of the 

statistical analysis to predict the optimal dosage 

in preschool attendance required to bring about 

improvements in the EY school attendance rates 

of Aboriginal children beyond the Aboriginal 

population average in very remote regions. 

6.2 Preschool services, data and 

cohort selection 

6.2.1 Preschool services in the NT 

In 2013, the NT provided 143 preschool services 

and 33 preschool programs within long day care 

centres. These catered for over 3,500 students 

(almost 90% of their respective birth cohorts). 

Around 40% of these children were Aboriginal, 

most of whom were living in remote or very 

remote communities.   

The majority of preschool programs (94%) were 

delivered free of charge for children aged from 4 

years in provincial and remote areas and from 3 

years in very remote areas by the NT 

Government. These preschools are usually 

integrated with a primary school and almost all 

are co-located on the primary school site. At 

that time there were 10 non-government 

providers (including long day care centres with a 

preschool program) which delivered preschool 

programs on a fee-for-service basis, with fees 

ranging from $1 to $19 per hour. A small 

number of remote non-government schools also 

provided a non-fee paying preschool program. 

The delivery of the standard preschool model in 

remote and very remote communities presents 

special challenges due to the diversity of their 

geographic, cultural, and social contexts and 

how this is addressed by the allocation formula 

for national education funding. In 2013, the NT 

Government provided preschool services via a 

range of delivery models, including onsite and 

standalone preschools, multi-level early years 

classes, mobile early childhood education 

services, distance education (School of the Air), 

and satellite programs where transporting 

children to the nearest primary school was not 

feasible (Text Box 6.1). 

6.2.2 Data 

De-identified preschool and primary school 

attendance data were extracted from the 

attendance records of NT Government schools 

for children born on, or after 1 January 1994, 

who were enrolled to receive some form of 

preschool education between 2005 and 2014. 

These data comprise 310,213 individual records 

each corresponding to one child for each year of 

their schooling up to Year 3. The total number of 

individuals in these data was 64,673, of which 

64,092 had records of sufficient completeness to 
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include in the analysis cohort. The NT has a high 

proportion of Aboriginal children, almost 40% of 

each birth cohort. 

Text Box 6.1 NT preschool types in 2013

 

As can be seen in Table 6.1, the greater majority 

of NT Aboriginal children enrolled in preschool 

live in remote and very remote communities. 

Although there were 762 (1.2%) missing records, 

full information was available on children’s 

early-life education (Transition, Years 1, 2 or 3) 

for 45,833 children (72%). Preschool records are 

observed for 23,161 children—or 50% of the 

children for whom we observe EY school 

attendance. 

For the analysis, we need to assume that none 

of the children in our data left the NT, and 

returned at a later date, or attended a private 

preschool provider during the relevant time. 

There are also other children whose last early 

primary school year (i.e. Year 3) was in 2014. 

The majority of these children were still in early 

primary classes in 2015. These children were 

retained in the analysis cohort since patterns of 

school attendance are relatively stable in the 

early primary years and there was no apparent 

selection bias for or against Aboriginal children.  

Applying these cohort-selection criteria yielded 

a final analysis sample of 19,586 eligible 

children. Figure 6.A.1 in the Chapter Appendix 

summarises the cohort selection process, and 

the resulting sample size in each step. We also 

assume that these 19,586 children were 

residents in the NT from preschool to their early 

primary school years, and that, with few 

exceptions children with no recorded preschool 

attendance did not attend preschool. Given that 

non-Aboriginal children were more likely to 

move interstate or to attend non-government 

preschools, this sample definition unavoidably 

introduces a sample selection bias in favour of 

Aboriginal children and therefore children living 

in very remote areas (see Table 6.2 below). 

  

General preschools are onsite and 
standalone services, which children enter at 
age 4 in urban and large remote areas. 
These preschools have general staffing 
formulae that require a minimum of 12 
enrolments for the allocation of a full-time 
equivalent teacher or proportion thereof. 
Long-distance education programs are also 
provided to students in remote areas through 
the general preschool framework.  

Satellite preschools have the same 
attributes as general preschools but are 
geographically separate from the primary 
school through which they are administered 
e.g. Binjari, Kilano and Rockhole are satellite 
preschools of Clyde Fenton Primary School.   

Multi-level early years classes (EY classes) 
are characterised by mixed-age classes in 
which preschool children are taught 
alongside Transition, Year 1 and/or older 
primary school children. These are typically 
provided in small communities where the 
limited number of student enrolments is such 
that the provision via the standard general 
preschool model is not feasible.  

The Mobile Preschool Program. This 
innovative preschool model caters for 
children in very small and remote 
communities who previously had no access 
to preschool. Piloted from 2000 to 2005 
under the National Indigenous Literacy and 
Numeracy Strategy (NIELNS) and expanded 
through the Closing the Gap strategy in 2008, 
it involves the employment of a local 
assistant teacher to provide a daily preschool 
program under the supervision of a visiting 
and qualified preschool teacher. The program 
is offered to children aged 3–5 years, but 
does not exclude younger children. It is 
delivered in children’s first language with 
scaffolding of oral Standard Australian 
English. It includes active family engagement 
through parent information and activities 
promoting health, development and nutrition 
(Nutton 2013). 
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Table 6.1 Number of children by Aboriginal status and geographic location 
 
 Outer regional Remote Very remote Missing Total 

Non-Aboriginal 29,338 
(83.2%) 

6,666 
(59.6%) 

3,340 
(19.3%) 

223 
(67.0%) 

39,567 
(61.7%) 

Aboriginal 5,360 
(15.25%) 

4,409 
(39.4%) 

13,890 
(80.2%) 

104 
(31.7%) 

23,763 
(37.1%) 

Missing 554 
(1.6%) 

109 
(1.0%) 

98 
(0.6%) 

1 
(0.3%) 

762 
(1.2%) 

Total 35,252  11,184  17,328  328  64,092  

 

Table 6.2 Percentage representation of 

Aboriginal and non-Aboriginal students 

in the analysis sample 

 Excluded 
% 

Sample 
% 

Combined 
% 

Non- 
Aboriginal 

67.3 49.3 61.7 

Aboriginal 31.0 50.7 37.1 

Not stated 1.7 0 1.2 

Total 100 100 100 

 

The proportion of children who participated in 

preschool is substantially greater (86%) in our 

final estimation sample than in the sample of 

excluded children (36%). This is likely due to 

missing information on out-of-state or non-

government preschool attendance, which we do 

not observe. The final estimation sample was 

further reduced by restricting the analysis on 

children with no missing observations of all 

relevant control variables. This reduced the 

analysis sample of Aboriginal children to 6,792 

and non-Aboriginal children to 9,112 

observations.12 Also, since the analyses reported 

in earlier chapters indicated that outcome and 

control variables differed significantly between 

the Aboriginal and non-Aboriginal cohorts, the 

analysis was conducted separately for each 

group. 

                                                           
12

 Summary statistics of all relevant outcome and 
control variables are presented separately for 
Aboriginal and non-Aboriginal children in Appendix 
Table 6.A.2. 

6.3 Distribution of school and 

preschool attendance 

Children’s attendance in the EY of primary 

school varies significantly across geographic 

regions. This can be seen in the distribution of 

school attendance rates for Aboriginal and non-

Aboriginal children shown below in Figures 

6.2(a) and 6.2(b). A significant gradient can be 

seen in the school attendance of Aboriginal 

children both within regions and across regions. 

For instance, average school attendance was 

significantly greater in outer regional schools 

(85%) than in remote (75%) and very remote 

schools (62%). The spread of school attendance 

rates varies widely across all regions, where 

some children never attended school whilst 

others attended 100% of the time. 

In contrast, no obvious gradient by regional 

location was evident for non-Aboriginal children. 

Average attendance rates were almost 90% in all 

regions, although the spread of attendance rates 

was also high for non-Aboriginal children, 

covering the full distribution from 0% to 100% 

attendance rates.
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Figure 6.2 Distribution of EY school attendance (proportion of required days) for (a) 

Aboriginal children, and (b) non-Aboriginal children by area of remoteness 

(Accessibility Remoteness Index of Australia (ARIA)) 

(a) Aboriginal children (N = 6,792) 

 
 
(b) Non-Aboriginal children (N = 9,112) 

 
The majority of both Aboriginal and non-

Aboriginal children attended some form of 

general preschool (63% and 87% respectively). A 

substantially larger proportion of Aboriginal 

children attended EY classes and mobile or 

satellite preschools than non-Aboriginal 

children. For instance, almost 10% of Aboriginal 

children attended an EY class and mobile 

preschool, while only 1% and less than 0.5% of 

non-Aboriginal children did so, respectively. 

Preschool attendance rates were 52% for 

Aboriginal and 79% for non-Aboriginal children. 
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6.4 Empirical framework and 

estimation results 

6.4.1 Statistical modelling 

Our key outcome of interest was EY school 

attendance rates (i.e. Transition and Years 1 to 

3) measured as the proportion of the 200 school 

days able to be attended in a typical school year. 

In the analyses which follow we investigated the 

following questions: 

1. Regardless of Aboriginal status, are 

children who attended any preschool 

more likely to have higher EY school 

attendance rates than children who did 

not? 

2. Do children who attended more days 

during a typical preschool year have 

higher EY school attendance rates?   

3. To what extent do the type of preschool 

and geographic remoteness moderate 

the relationship between preschool 

attendance and EY school attendance 

rates?  

The predictor variable in research question 1 is 

‘ever’ attending any preschool while in question 

2 it is the ‘dose’ of preschool attendance. Both 

are based on the assumption that preschool 

participation helps families and children 

establish regular attendance patterns 

(Attendance Works and Healthy Schools 

Campaign 2016). Question 3 is based on the 

evidence that some preschools are better 

equipped to deliver services, and that 

remoteness is a key barrier to the delivery of 

regular education services. 

To investigate these questions, we estimated a 

non-linear model in which EY primary school 

attendance was the dependent variable and 

preschool attendance (any, by type) or dose 

(percentage of school days attended) was the 

main independent variable. To adjust for the 

non-normal, skewed distribution of the 

dependent variable evident in Figures 6.2(a) and 

6.2(b) above, we utilised a general linear model 

(GLM) with a logit link function to estimate the 

relationships of interest (McCullagh and Nelder 

1989). Figure 6.3 (below) describes the 

statistical model in theory. 

In this model, 𝛽 (beta) measures the association 

between preschool attendance and EY primary 

school attendance, but not necessarily an 

indication of causation. For the model to be 

robust, it also needs to take account of potential 

confounders, e.g. there could be factors at the 

school, community, family or individual level 

which were not in the pathway specified above 

but had influenced either the child’s likelihood 

of attending preschool or the likelihood of the 

child’s EY primary school attendance, or both. 

Figure 6.3 Estimation model – confounders and moderators 
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Many of these potential confounders are 

observed in the analysis dataset, so we are able 

to control for them directly. For instance, some 

basic information about the socioeconomic and 

demographic background of the family was 

collected by the school at enrolment. The 

analysis dataset also includes Australian Bureau 

of Statistics (ABS) community-level statistical 

local area (SLA) proxies for economic 

deprivation (such as Socio-Economic Indexes for 

Areas (SEIFA) and housing overcrowding, see 

Chapters 4 and 5 for more information). In 

addition, the measure of geographic remoteness 

captures heterogeneity in communities’ 

exposure to seasonal weather issues and travel 

distance to essential services. 

Unfortunately, the analysis dataset did not 

include school-level information on school and 

teaching quality factors such as teacher/staff 

/student ratios, school/community relations, 

available resources, and peer group effects that 

are school district specific. However, it is 

possible to statistically control for school-

specific factors (e.g. teaching quality, school-

community engagement etc.) by the analysis 

including a ‘fixed effects‘ indicator variable for 

each individual school. In effect, this variable 

operates as a proxy for these unmeasured 

factors specific to each school. 

Under the assumption that there are no other 

confounders, and that the main school-specific 

effects are generally constant over time, the 

estimated coefficient 𝛽 can be interpreted as 

showing the strength of the relationship.13 

Because we have data on individual students 

collected repeatedly over time at their school, it 

is necessary to cluster the standard errors (used 

                                                           
13

 Ideally, we would have preferred to control for 
individual or family-specific effects. However, this 
was not possible, because the predictor of main 
interest (preschool attendance) does not vary over 
time, and data were not yet available for siblings that 
would enable controlling for family-fixed effects. 

for statistical inference) at the school level, a 

standard approach used in the literature.  

6.4.2 Preschool attendance and early 

years school attendance 

The model building process is summarised in 

Table 6.3 (below). This reports the estimated 

coefficient of 𝛽 separately for Aboriginal 

children (Panel A) and non-Aboriginal children 

(Panel B).14 Column (1) reports the direct 

association between preschool attendance (any) 

and EY school attendance rates without 

controlling for any potential confounders. 

Reading across the table from Model (1) to (5), it 

can be seen that each successive model 

increases the number of control variables taken 

into account—from no controls (Model 1), to a 

full set of controls including school fixed effects 

(Model 5). In this table it can also be seen that 

as each model includes an additional block of 

variables, this improved the Bayesian 

Information Criterion (BIC) measure of model fit 

i.e. including the additional control variable 

resulted in greater predictive precision.  

The number of days it is possible for a child to 

attend school in a typical NT school year is 

around 200 days. The average EY school 

attendance among Aboriginal children was 

found to be 71%, while for non-Aboriginal 

children it was 91%. On average, Aboriginal 

children who attended any preschool spent 7.3 

percentage points more days in EY school 

education than Aboriginal children who did not 

attend preschool. Since the average school 

attendance rate for Aboriginal children is 71%, 

this association is equivalent to 10% or 20 more 

days attendance in each of the school years 

from Transition to Year 3.   

                                                           
14

 Positive 𝛽 coefficients are interpreted as the 
increased proportion of days of EY attendance during 
a typical school year for a child who had attended 
preschool relative to the days of EY attendance of a 
comparable child that did not.  
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Table 6.3. Association between any preschool attendance and EY school 

attendance 

Model  (1) (2) (3) (4) (5) 
      

 
Panel A: Aboriginal (N = 6,792) 
Preschool     0.073

***
     0.041

***
     0.039

***
     0.045

***
     0.045

***
 

 (0.013) (0.011) (0.012) (0.012) (0.008) 
Model fit: BIC

a
 –2,349 –3,924 –4,576 –4,801 –6,496 

 
Panel A1: Outer regional (N = 1,866) 
Preschool     0.068

***
     0.055

***
 --     0.059

***
     0.048

***
 

 (0.015) (0.012) -- (0.012) (0.012) 
Panel A2: Remote and very remote (N = 4,926) 
Preschool     0.050

***
    0.033

**
    0.036

**
     0.044

***
     0.046

***
 

 (0.014) (0.014) (0.015) (0.015) (0.010) 
 

 
Panel B: Non-Aboriginal (N = 9,112) 
Preschool      0.011

***
     0.011

***
     0.011

***
     0.011

***
     0.012

***
 

 (0.004) (0.004) (0.004) (0.004) (0.004) 
Model fit: BIC –18,417 –18,501 –18,545 –18,589 –18,992 
 
Panel B1: Outer regional (N = 6,836) 
Preschool   0.009

**
    0.009

**
 --   0.012

**
    0.010

**
 

 (0.004) (0.004) -- (0.005) (0.004) 
Panel B2: Remote and very remote (N = 2,276) 
Preschool    0.017

**
    0.016

**
   0.016

**
    0.015

**
    0.020

***
 

 (0.008) (0.007) (0.007) (0.007) (0.005) 
 

 
Control variables 
Family characteristics      
Remoteness      
SEIFA/crowding      
School fixed effects      

 
*
 p < 0.10, 

**
 p < 0.05, 

***
 p < 0.01 

 
Notes: Outcome variable is early years school attendance rate; Preschool is a dummy variable 
that takes the value 1 if the child attended any preschool, and 0 otherwise. Each column reports 
the estimated coefficient on preschool, adding subsequently a block of control variables such as 
family characteristics (mother’s age at birth of cohort children, parental education, parental 
employment status), remoteness indicators (outer regional (base), remote, very remote), 
community characteristics (SEIFA index (natural logarithm), number of persons per room in 
household), and school fixed effects (dummy variable representing each one school). Standard 
errors are clustered at the school level to account for repeated observations in each school.  
a
BIC Bayesian Information Criteria is a measure of goodness of fit, which penalises increasing 

number of control variables. Smaller negative values indicate better model fit.  
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When controlling for all possible confounders, 

including fixed school characteristics (Table 6.3, 

column 5), this association is reduced, but still 

highly statistically significant with a 4.5 

percentage point change equivalent to 12 

additional days spent in school. 

The impact of preschool attendance is 

approximately the same in absolute terms for 

Aboriginal children in outer regional areas and 

remote/very remote areas (Panel A1 vs Panel 

A2). However, the relative change—when 

measured as a percentage increase from the 

sample mean for the relevant group—is 

substantially larger for children in (very) remote 

areas. School attendance rates were only just 

above 60% in very remote areas; hence a 4.6 

percentage point increase is equivalent to 15 

additional days, while in outer regional areas, 

where school attendance is 82%, a 4.8 

percentage point increase is equivalent to 11 

more days. For non-Aboriginal children the 

impact of preschool attendance is weaker. 

Independent of the model specification, the 

association between preschool attendance and 

EY school attendance is only one percentage 

point (1% from mean 91%). This implies an 

increase of two additional days spent in EY; in 

very remote areas, the equivalent increase is 

four additional days (Panel B2, column 5).  

6.4.3 The role of preschool 

attendance in very remote locations 

In this section we investigate whether this 

association varied by the type of preschool 

attended (i.e. EY classes, general and mobile 

preschools) in very remote locations during the 

study period. Table 6.4 (below) reports the 

association between children’s preschool 

attendance and EY school attendance for each 

of the three preschool types and Aboriginal 

status. For non-Aboriginal children, attendance 

at general preschools increased school 

attendance in very remote locations by about 

five additional school days each EY school year. 

However, for the 38 non-Aboriginal children 

who had attended a mobile preschool,

Table 6.4 Association between preschool attendance (any) and EY 

school attendance, by preschool type in very remote areas  

 (1) All (2) Aboriginal (3) Non-Aboriginal 
Attendance    
EY class 0.036

*
   0.041

**
 --

 a
 

 (0.021) (0.019) -- 
General      0.064

***
    0.067

***
     0.024

***
 

 (0.013) (0.016) (0.006) 
Mobile   0.026

*
    0.033

**
 0.008 

 (0.016) (0.013) (0.026) 

Observations 4,052 3,385 667 
- EY Class 506 497 9 
- General 2,279 1,729 550 
- Mobile 556 518 38 

Notes: This model includes all control variables from column 5 of Table 6.2, including school fixed 
effects.

a  
Due to small sample sizes, it was not possible  to reliably estimate the relationship between EY 

class attendance and EY school attendance for non-Aboriginal children. Standard errors are shown in 
parentheses.  

*
 p < 0.10, 

**
 p < 0.05, 

***
 p < 0.01. 

 

this had no impact on their EY school attendance 

(i.e. a precise zero estimate). In practical terms, 

the percentage impacts equate to an average of 

22, 13 and 11 more days of attendance 

respectively. As can be seen in column 2, all three 

preschool types had positive significant 
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associations (p < 0.05) with EY school attendance 

rates for Aboriginal children. The strongest 

impacts were for general preschools (6.7 

percentage points), followed by EY classes (4.1 

percentage points), and mobile preschools (3.3 

percentage points) over each of the four early 

years of schooling. 

6.5 Does the ‘dose’ of preschool 

matter? 

This section reports an investigation of what 

preschool attendance percentage (i.e. ‘dose’ or 

exposure to preschool) is required for improving 

students’ subsequent EY school attendance rates 

in very remote regions. This involved an 

experimental analysis which estimated the extent 

to which the EY school attendance rates of 

Aboriginal children increased for different ‘doses’ 

of preschool attendance.   

6.5.1 Statistical methodology 

The predictions were obtained from a GLM model 

in which the dependent variable is EY school 

attendance, and the main independent variables 

are the three indicators for each preschool type. 

Given the non-linear relationship between 

preschool and EY attendance, we introduced 

interactions between indicator variables and used 

a polynomial transformation of preschool 

attendance to improve predictive power of the 

model. 

The model includes the same set of control 

variables as in the standard model used in 

Table 6.3, column 5, including school fixed 

effects.

6.5.2 Analysis findings 

Figure 6.4 (below) reports the EY school 

attendance rate for each selected  

preschool attendance rate as predicted from the 

statistical model described earlier in section 6.4, 

separately for each preschool type. The 

horizontal, red dashed line indicates the average 

EY school attendance rate in the sample of 

Aboriginal children in very remote areas (62%). 

The ‘capped spikes’ represent the 95% confidence 

interval around each of these estimates. The 

sample size for this estimation model included 

3,385 Aboriginal children, of whom 641 did not 

attend any preschool (19%). 

These findings have important policy implications. 

Firstly, in Figure 6.4(b) it can be seen that in 

comparison with the other preschool types, 

general preschool attendance has the greatest 

potential impact in increasing children’s expected 

days of EY attendance. In other words, it takes 

fewer days of general preschool for a child to 

achieve above average EY school attendance. 

Secondly, Aboriginal children in very remote 

regions, who attend general preschool more than 

45% of the required school days, can be expected 

to attend EY school beyond the sample average of 

62%. Children who attended general preschool 

less than 45% of the yearly required days are 

predicted to attend EY school at significantly 

lower levels. Finally, for EY class preschools and 

mobile preschools, the corresponding minimum 

preschool attendance thresholds to lead to 

population average EY school attendance are 55% 

and 65%, respectively (Figures 6.4(a) and 6.4(c)). 

This finding is not surprising as general preschools 

are better resourced and professionally 

supported. At the same time, while less well 

resourced, EY classes and mobile preschools are 

both surprisingly successful in more days of 

attendance being associated with additional days 

attending primary school.  
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Figure 6.4 Association of preschool and EY school attendance rates for Aboriginal 

children in very remote areas, by preschool type 

(a) Early years classes (N = 497) 

 
(b) General preschool (N = 1,729) 

 
     (c) Mobile preschool (N = 518) 
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Another further insight from Figure 6.4 is that 

improvements in preschool attendance between 

25% and 75% would have relatively greater 

impact in changing EY school attendance rates 

than similar improvements at the extreme ends 

of the preschool attendance distribution. This is 

evidenced by the slope of the prediction curve 

being steep between 25% and 75% but 

becoming flatter below 25% and above 75%. 

6.6 Does preschool attendance 

improve school achievement 

outcomes? 

Finally, to estimate the potential benefits of 

increasing Aboriginal children’s preschool 

attendance for later academic outcomes, we 

considered the Year 3 NAPLAN outcomes of a 

subsample of 1,788 Aboriginal children living in 

very remote areas for whom data were available 

on their NAPLAN scores, preschool and EY 

school attendance. The dependent variable was 

a binary indicator of whether a child’s NAPLAN 

scores ranked above the National Minimum 

Standard (NMS) on each of the NAPLAN scoring 

domains (i.e. reading, writing, spelling, 

grammar, numeracy). The main independent 

variable was a continuous measure of the 

preschool attendance rate. The model was 

estimated with a probit specification that is used 

in the analysis of dependent variables that are 

binary in nature. Adjustment was made for the 

same set of control variables as in the earlier 

reported models, including school fixed effects. 

Marginal effects were calculated at the mean of 

all control variables to estimate their effect on 

the probability of scoring above the NMS. 

Figure 6.5(a) (below) shows the estimated effect 

of hypothetical increases in preschool 

attendance on the probability of scoring above 

the NMS for each of the NAPLAN domains. It 

illustrates that increasing a child’s preschool 

attendance rate from 0% to 100% increases 

their probability of scoring above the NMS on 

four out of five Year 3 NAPLAN assessment 

domains.  

 

Figure 6.5(a) Association between preschool attendance and NAPLAN achievement (Reading, 
Writing, Grammar, Spelling and Numeracy) not controlling for EY attendance, NT Aboriginal 
children in very remote areas (N = 1,788)  
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Figure 6.5(b) Association between preschool attendance and NAPLAN achievement (Reading, 
Writing, Grammar, Spelling and Numeracy) when controlling for EY attendance, NT Aboriginal 
children in very remote areas (N = 1,788)  

 
Notes:  1. Grey bars represent 95% confidence intervals.  

2. Base probability of reaching NMS for these children for each domain:  Reading = 0.29;  

   Writing = 0.24; Grammar = 0.24; Spelling = 0.21; and Numeracy = 0.32. 

Figure 6.5(b) (above) shows the estimated 

marginal probability effect of increased 

preschool attendance from 0% to 100% when 

controlling for EY school attendance. As can be 

seen, these effects were all centred around zero, 

and thus no longer significant. This indicates 

that preschool attendance is associated with 

better EY school attendance, but is not 

associated with NAPLAN achievement over and 

above the effects of EY school attendance.  

6.7 Discussion 

The findings in this chapter provide encouraging 

empirical evidence for increased preschool 

attendance of Aboriginal children being 

associated with increased EY school attendance 

rates and thus better NAPLAN achievement 

outcomes. Where available, the general 

preschool model appears to be the optimal 

mode of preschool for lifting Aboriginal 

children’s EY attendance rates above sample 

average and especially in very remote areas. 

Aboriginal children who attended at least 45% of 

the required preschool days, can be expected to 

have EY school attendance above the average 

attendance rate in these areas.  

Importantly, the findings also show that 

alternative preschool delivery models such as 

early years classes and mobile preschools, 

although endowed with fewer resources and 

located in much more inaccessible areas, are 

associated with lifting EY school attendance 

rates, albeit less effectively than general 

preschools. These results hold over and above 

the influence of school/community-fixed 

factors—which for each school/community 

could either have an increasing or decreasing 

effect on both preschool and EY attendance.  
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The findings concerning the longer-term effect 

of preschool attendance for subsequent school 

attendance and achievement can reasonably be 

interpreted as being more than just correlational 

evidence. This would support future research 

involving economic modelling of the medium-

and longer-term cost benefits associated with 

percentage-point improvements in preschool 

attendance for each of the main preschool 

delivery models now operating in the NT. Such 

modelling would also need to take account of 

the feasibility of the different preschool delivery 

models according to the geographical and 

sociocultural community contexts in which they 

are delivered.   

A limitation of our analysis is that it was not able 

to include data which would clarify the 

mechanisms through which higher preschool 

attendance has a greater effect on the ongoing 

school attendance rates for Aboriginal students 

than non-Aboriginal students. One of the 

possible explanations is that the universal access 

to preschool for Aboriginal children from age 

three onward may engage the family’s interest 

and trust in the school education system from 

an earlier age, thus increasing parents’ 

motivation to encourage their children going to 

school.   

It may also be the case that children’s preschool 

participation helps parents to build family 

routines which structure a typical day around 

their children’s schooling. Preschools also play 

an important role in helping parents access 

other services that they and their children may 

require (e.g. breakfast programs, child care, and 

outreach medical services).  

Breakout box 6.1 The Congress Preschool Readiness Program 
The Congress Preschool Readiness Program (PRP) is an award winning example of an innovative, 

locally developed program which has been highly effective in enabling Aboriginal children to make a 

successful transition into regular preschool attendance and early learning. The Congress Aboriginal 

Medical Service links its routine health screening to an outreach family and school support program.  

More than 300 Aboriginal families with young children use the medical services of the Congress each 

year. The PRP uses its patient medical records system to identify local Aboriginal families with three- 

and four-year-old children. All families are visited and offered free child health checks for their 

preschool-aged children. They are asked if they will be enrolling their children in preschool, and 

offered additional support if needed.  

“The families we connect with want the best for their children, but many face challenges that limit 

their ability to support their children to get off to a good start. We focus on making sure we offer the 

right type of support for the right families. When I see the happy faces of these children and the 

proud faces of the parents who have gone through our program I have a lot of hope for their future” 

(PRP family support worker).  

This model of providing a developmental out-reach program through a primary health service is 

unique in Australia. The Congress staff support families with preschool information and enrolment 

help, and work with families and children to help them become more confident in engaging with the 

school system. They assist with health checks and follow-ups, and also provide practical assistance 

at preschools to enable children’s successful adjustment and regular attendance. The program has 

been acknowledged for its innovation and achievements within its first few years of operation, and 

was also cited as an example of excellence in practice in the Prime Minister’s 2013 Closing the Gap 

report. 

https://www.caac.org.au/news-events/news/2012/9/preschool-readiness-program-wins-chronic-

disease-award 

https://www.caac.org.au/news-events/news/2012/9/preschool-readiness-program-wins-chronic-disease-award
https://www.caac.org.au/news-events/news/2012/9/preschool-readiness-program-wins-chronic-disease-award
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However, as Indigenous scholars such as Martin 

(2016) and others have pointed out, detailed 

qualitative investigation is needed into parents’ 

perceptions of the experience they and their 

children have in engaging with preschool. Future 

studies of this kind are essential to advance 

policy understanding and service practices which 

optimise children’s early learning opportunities.  

The effectiveness of preschool programs in 

improving children’s participation and outcomes 

is also dependent on the quality of their 

structural and process features, including those 

defined in the ‘National Quality Framework for 

Early Childhood Education and Care’ introduced 

in 2012. This framework includes a National 

Quality Standard (NQS) monitored by the 

regulatory authority in each state and territory.  

This is designed to ensure high quality and 

consistent early childhood education and care 

across Australia and applies to preschools, long 

day care, family day care, and outside school 

hours care (ACECQA 2017).

Under the National Quality Framework, long day 

care and preschool services must have an early 

childhood teacher in attendance, with specific 

requirements varying depending on the size of 

the service. While high standards are aspired to 

in the provision of preschool education for all NT 

children, it has not yet been possible for many 

preschools in remote and very remote areas of 

the NT to meet this teaching qualification 

requirement.  

At the same time, the increasing availability of 

routinely reported NQS data for NT preschools 

means that these data could be utilised in future 

data-linkage research to identify the ways in 

which the ‘quality’ features of the various 

educational programs impact on children’s 

outcomes. They could also be used in 

conjunction with qualitative research to assist in 

clarifying which aspects of teacher-child/family 

relationships are most critical to supporting 

children’s longer-term educational engagement 

and achievement.  
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7. Modelling key drivers of school education outcomes 

John McKenzie, Bernard Leckning, Gawaian Bodkin Andrews, and Sven 

Silburn  

Chapter overview 

This chapter aims to unify the work of previous chapters in developing a deeper understanding of 

the complex interactions of children’s early life circumstances, pre-school program exposure, 

developmental readiness for school learning and subsequent academic outcomes. Establishing the 

relative contribution of these influences in shaping children’s educational progress is vital to the 

development and effective targeting of policy to enable population-level improvements in children’s 

educational outcomes.  

Structural equation modelling (SEM) is the statistical method used to ‘unpack’ the relative influence 

and interplay of key factors identified in earlier chapter as making important contributions to 

Northern Territory (NT) children’s literacy and numeracy outcomes. The analysis is focused on the 

inter-relation of three child factors individually shown to be associated with Year 3 school 

achievement (NAPLAN) - preschool attendance (PSA), childhood development and school readiness 

at age 5 years (AEDC), and attendance during the early years of primary school (i.e. transition to Year 

3) (EYA). It also considers how these relationships are shaped by key demographic factors which 

characterise the NT school population i.e. children’s Aboriginal status, level of remote residence, 

having English as a second language (ESL), and parents’ level of education.   

The initial stages of the model building process indicated that the patterns of response to these 

factors were substantially different for Aboriginal and non-Aboriginal children, and varied by the 

remoteness of the communities in which they were living. Separate SEM analysis was therefore 

undertaken for Aboriginal and non-Aboriginal children in outer regional, remote and very remote 

areas of the NT.  

The analysis findings provide unique empirical evidence of the extent to which education and other 

policy investments in the early years could expect to be associated with positive change in NT 

children’s developmental readiness for school learning, improved school attendance, and literacy 

and numeracy outcomes. They particularly highlight how policy strategies and the delivery of school 

and other services could be tailored to be relevant and proportional to the developmental and early 

learning needs of different NT student cohorts. 

7.1 Introduction 

Understanding the relative importance of the 

range of influences on children’s progress in 

school can help to inform the development of 

policies and the efforts of communities and 

families to improve children’s school education 

outcomes. This chapter provides an empirical 

description of the interplay of key early 

childhood factors known to be associated with 

NT children’s development of literacy and 

numeracy. It focuses on the way in children’s 

scores on the year 3 National Program for 

Literacy and Numeracy (NAPLAN) assessment, 

are shaped by a) their level of preschool 

attendance (PSA); b) their developmental 

readiness for school learning (as assessed by the 

Australian Early Development Census (AEDC)), 

and c) their level of attendance in the early 

years of primary school (i.e. transition to Y3 

(EYA)). We also describe the extent to which 

these are influenced by key demographic factors 

relevant to children’s family and school learning 

circumstances. 



 

130 

In earlier chapters (chapters 4, 5 & 6) we 

identified the benefits and factors associated 

with regular pre-school and primary school 

attendance, children’s readiness for school 

learning (AEDC) and year 3 NAPLAN literacy and 

numeracy outcomes. Building on these findings, 

this chapter reports a Structural Equation 

Modelling (SEM) analysis undertaken to quantify 

how policy investments in the early years 

promoting children’s healthy early development 

and readiness for school learning, could be 

associated with attendance in the pre- and early 

primary school years and their subsequent 

outcomes in literacy and numeracy.  

7.2 Methods  

Structural Equation Modelling (SEM) is a 

powerful analysis technique now increasingly  

used in social, behavioural, and educational 

research to investigate structural relationships 

between measured variables and ‘latent’  

(unmeasured but analytically inferred) 

constructs (Duncan et al, 2011; Acock, 2013; 

Kline, 2013). It uses a confirmatory approach to 

the multivariate testing of a ‘theory’ developed 

by the researcher regarding the hypothesised 

interplay of factors thought to have a bearing on 

a particular phenomenon. This typically involves 

exploring a number of theoretically plausible 

models to identify which of the possible models 

offers the best fit with the data. The final 

hypothesised structural model we investigate is 

illustrated by the path diagram shown in Figure 

7.1 below.  

In this figure, the rectangular components are 

the directly measured data. The ovals represent 

the derived ‘latent’ variables e.g. in this model 

the value of the AEDC latent variable is derived 

from the measurement model associated with 

children’s performance on the five AEDC domain  

Figure 7.1 Hypothesised Structural Model 
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scales which are represented diagrammatically 

in the five connecting rectangles. Similarly, the 

NAPLAN latent variable is derived from the five 

learning areas of NAPLAN represented in its 

connecting rectangles. 

The SEM model building process was informed 

by an earlier investigation of the ‘AEDC – EYA – 

NAPLAN’ triangle (Paths 3, 4 and 5). This 

previous analysis used data of a smaller sample 

from the demonstration project (McKenzie, et 

al, unpublished 2012). That study established 

the necessity for the current analysis to be 

stratified by children’s Aboriginal status. While it 

showed that the most direct path (i.e. Path 3) 

was important for all children, it also revealed 

that for Aboriginal children only, the combined 

effect of the indirect paths (i.e. Paths 4 and 5) 

was as strong an influence as the direct path 

(Path 3).  

To enhance our understanding of the influence 

of children’s preschool attendance (PSA) on Year 

3 NAPLAN scores established in Chapter 6 (Path 

6), the paths recommended by this earlier 

research (Paths 3, 4 and 5) were supplemented 

by paths reflective of findings from analyses in 

other chapters from the current Monograph. 

Path 1 was based on the findings reported in 

Chapter 5 regarding the association between 

children’s level of preschool attendance (PSA) 

and their subsequent early years attendance 

(EYA). Findings from Chapter 5 confirmed results 

from earlier analyses of the need to account for 

the influence of AEDC outcomes on EYA (Path 4). 

Path 2 was informed by analysis in Chapter 4 

describing the association between children’s 

AEDC outcomes and their preschool attendance. 

The associations between demographic 

variables such as English as a second language 

and parents’ level of education and AEDC, EYA 

and NAPLAN have also been established and 

reported in Chapter 5 and Chapter 6.  

The structure of the final model shown in Figure 

7.1 allows us to test the following hypotheses:  

 Preschool attendance (PSA) positively 

influences early childhood development 

(AEDC) that in turn is associated with 

improvements in early academic 

achievement (Path 2 * Path 3). 

 Preschool attendance (PSA) is positively 

associated with early primary school 

attendance (EYA), which, after adjusting for 

differences in early developmental 

outcomes (Path 4), has a positive influence 

on early academic achievement (NAPLAN) 

(Path 1 * Path 5). 

7.2.1 Model specification 

To ensure consistency in the interpretation of 

the influence of AEDC and NAPLAN by 

remoteness and Aboriginal status, the 

measurement models for these latent variables 

(i.e. items measuring AEDC outcomes and 

NAPLAN results, respectively) were first tested 

to ensure they were reflecting the same 

underlying construct across all strata. The 

required level of consistency was achieved 

across all strata and the appropriate constraints 

were applied to the measurement components 

of the full model. The other demographic 

variables included in the final stratified SEM 

models were: English as a Second Language 

(ESL) status, and parents’ level of education. 

A high proportion of NT Aboriginal students 

were identified in their school enrolment 

records as having English as their second or third 

language – particularly those in remote and very 

remote areas. These children typically require 

additional language support in making 

successful transition into a school learning 

context where English is the official language of 

instruction (Silburn et al, 2010). As the students’ 

school enrolment records on parents’ 

educational status had a high proportion of 

missing data, we used community-level Census 

data regarding adults’ level of education in each 
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child’s community as a proxy (ABS, 2015). The 

analysis cohort was the same set of children 

investigated in the analysis of preschool 

outcomes reported in Chapter 6 (N=19,647). 

However, due to the potential reduction of the 

analysis cohort resulting from the linkage of 

multiple datasets, the requirement for each 

child to have complete data was relaxed. This 

was done by use of the ‘maximum likelihood 

with missing values’ (MLMV) convergence 

method. 

7.3 Model fit and stratified 

modelling results 

The full set of results from the stratified SEM 

analyses are shown separately for Aboriginal 

and non-Aboriginal children in each strata of 

remoteness in Appendix Figures 7.A.1, 7.A.2 and 

7.A.3. These figures also include details of the 

measurement models from which the AEDC and 

NAPLAN latent variable scores were derived. For 

the structural component of the model (Paths 1 

to 6), the path coefficients shown next to each 

path reflect its strength in predicting the path 

outcome. Because standardised coefficients are 

used throughout, this enables meaningful 

comparison to be made of the relative strength 

of the direct associations between different 

paths. Also, the combined influence of indirect 

(composite)paths can be established by 

multiplying the values of the individual path 

coefficients.  

7.3.1 Model validity and fit 

The validity of each of the six stratified SEM’s 

was examined by establishing that the value of 

their chi-square test was insignificant, and that 

Goodness of Fit Indices and Root Mean Square 

Error of Approximation (RMSEA) tests met 

standard validity criteria.  

The efficacy of the stratified SEM models in 

explaining the data is described by the value of 

their Coefficient of Determination (CoD). This 

model fit statistic is essentially equivalent to the 

R2 parameter for linear regression and 

represents the proportion of variance in the 

data explained by the model. Table 7.1 below 

reports the strata cohort sizes and their 

corresponding CODs. It shows the models 

explain between 20 – 26% of the overall 

variance in the non-Aboriginal strata and over 

45% of the variance for the Aboriginal strata. 

Table 7.1 Stratified SEM models:  

Strata cohort sizes and CoDs1  

 
Non-Aboriginal Aboriginal 

 
N = CoD N = CoD 

Outer Regional 7,234 0.268 2,080 0.464 

Remote 1,703 0.279 1,820 0.456 

Very Remote 742 0.220 6,068 0.461 

1. CoD = Coefficient of Determination. 

7.3.2 Direct path effects 

Figure 7.2 (below) provides a diagrammatic 

summary of the direct path effects for 

Aboriginal and non-Aboriginal children in each 

of the three strata of remoteness.15 These are 

described by their standardised path coefficients 

which can be interpreted as the effect-size 

contribution which a path makes to its outcome. 

In the tables adjacent to each of the path lines in 

Figure 7.1 it can be seen that the path 

coefficients for non-Aboriginal children were 

generally similar across all three levels of 

remoteness. In contrast, the path coefficients 

for Aboriginal children varied considerably with 

different levels of geographic remoteness16   

Among the SEMs for all six analysis strata, the 

standardised path coefficients for Path 1 (i.e. 

preschool attendance to early years school 

attendance) the strongest of all path effects in 

the structural model. These were notably higher 

                                                           
15

 Details of these path effects are also provided in 
Table 7.A.4 in the chapter appendix.  
16

 According to the location of the child’s community 
within each of the three NT remoteness categories 
defined by the Australian Standard Geographic 
Classification (ASGC).   
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Figure 7.2 Direct path effects1: By level of remoteness and Aboriginal status 

 

1. Reported as standardised path coefficients. 

** Indicates p ≤ 0.05;  *** Indicates p ≤ 0.001. 

for Aboriginal children in remote and very 

remote areas. The standardised path 

coefficients for Path 5 (i.e. early years school 

attendance to NAPLAN) were all highly 

significant with their effects ranging from 

relatively weak for non-Aboriginal children in 

outer regional areas to a medium effect-size for 

Aboriginal children in very remote areas.  

As expected, the AEDC to NAPLAN path (Path 3) 

had a medium effect-size strength across all 

non-Aboriginal analysis strata, but was weaker 

for remote and very remote Aboriginal children.  

The Path 4 coefficients (i.e. the diagonal path 

from AEDC to attendance in the early years of 

school) were weak and non-significant for most 

strata cohorts, but surprisingly strong for very 

remote non-Aboriginal children. This finding 

may be due to these children having parents 

employed in the community (e.g. as nurses, 

teachers, police) and having higher education 

and household income than the community 

average. 

The paths from preschool attendance to 

NAPLAN (Path 6) were mostly non-significant. 

This is not surprising as any learning benefits 

derived from preschool attendance must be 

sustained throughout the early years of primary 

school or are likely to experience a ‘fade-out’ 

effect, even when the initial gains appear 

substantial. Ways in which the effects of 

preschool may be sustained are highlighted by 

the analysis of indirect path effects discussed 

below. 

7.3.2 Indirect path effects 

Before describing the composite (indirect) path 

effects, it should be stressed that neither of the 

school attendance and AEDC outcomes, are 

determined by preschool attendance alone. 

Each is also influenced by a range of other 

factors outside the current model, many of 
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Figure 7.3 Indirect path effects by Aboriginality and level of remoteness1 

 

1. Reported as standardised path coefficients.

which have been investigated in earlier 

chapters. 

The two indirect (composite) paths in the 

structural model were: a) the path from 

preschool attendance via early years school 

attendance to NAPLAN (i.e. Path 2 * Path 3), 

and; b) the path from preschool attendance via 

AEDC to NAPLAN (i.e. Path 1 * Path 5). The 

composite contributions these indirect paths 

make to NAPLAN outcomes are reported in the 

‘tables within Figure 7.3 (above).   

Because other Australian studies have shown 

that preschool can assist children’s readiness for 

school learning (Nutton, 2013), and that AEDC 

outcomes have been shown to have a strong 

relationship with NAPLAN outcomes (Brinkman 

et al, 2013), we expected to find that AEDC 

would have a positive mediating effect for all 

children. However, the SEM analysis found this 

indirect path made only a weak positive 

contribution to NAPLAN outcomes for all six 

analysis strata. Whilst this indirect path effect 

was mostly similar for Aboriginal and non-

Aboriginal children, it was much stronger for 

remote Aboriginal children compared to their 

non-Aboriginal counterparts (i.e. 0.133 

compared to 0.082). 

In contrast, for Aboriginal children, the indirect 

effect of their level of early years school 

attendance (EYA) had a relatively larger effect 

on NAPLAN outcomes than that found for non-

Aboriginal children. 

7.3.3 Demographic path effects 

Lastly we investigated path effects of the two 

demographic variables included in each of the 

stratified SEM models i.e. English as a Second 

Language (ESL), and a binary measure of 

parents’ level of education – whether they had 

completed six or more years of schooling. The 

standardised path coefficients for each of these 

paths to AEDC, early years attendance and 

NAPLAN for Aboriginal and non-Aboriginal 

children in each strata of remoteness are 

reported below in Table 7.4. 

It is evident in this table that several of the path 

coefficients were not significant at the p ≤ 0.05 

confidence level. Parent’s having six or more 

years of education appears to only have had a 

moderate positive association with AEDC 
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Table 7.4 Demographic path effects1 by Aboriginal status and remoteness 

 English as a second language (ESL) Parent finished 6+ years of school 

a) AEDC Aboriginal non-Aboriginal Aboriginal non-Aboriginal 

 Outer Regional -0.087* -0.002 (NS) 0.097** 0.128** 

 Remote -0.129** -0.068 (NS) 0.111* 0.126** 

 Very Remote -0.037 (NS) -0.088 (NS) 0.029 (NS) 0.047** 

b) EYA Aboriginal non-Aboriginal Aboriginal non-Aboriginal 

 Outer Regional -0.071** -0.032* 0.035 (NS) -0.008 (NS) 

 Remote -0.120** -0.011 (NS) 0.073** -0.26 (NS) 

 Very Remote -0.071* -0.075* 0.023 (NS) 0.071 (NS) 

c) NAPLAN Aboriginal non-Aboriginal Aboriginal non-Aboriginal 

 Outer Regional -0.039 (NS) -0.03 (NS) 0.03 (NS) 0.126** 

 Remote -0.079* -0.053 (NS) 0.026 (NS) 0.084** 

 Very Remote -0.210** -0.056 (NS) 0.026 (NS) 0.29 (NS) 

1. Reported as standardised path coefficients. 
* Indicates p ≤ 0.05; ** Indicates p ≤ 0.01; *** Indicates p ≤ 0.001.     

outcomes for Aboriginal and non-Aboriginal 

children in outer urban and remote areas. 

Somewhat surprisingly, the ESL status showed 

relatively small negative effects on the AEDC, 

EYA and NAPLAN outcomes of Aboriginal 

children. However, for Aboriginal children in 

very remote areas this path effect was 

equivalent a 0.21 effect size decrease in NAPLAN 

outcomes. 

7.4 Discussion 

A child’s academic achievement as measured by 

their NAPLAN scores clearly depends on their 

early life circumstances and opportunities for 

learning (Guthridge et al, 2015). One of the key 

theoretical assumptions of this SEM analysis 

postulated that exposure to preschool might 

influence both a child’s developmental readiness 

for school learning (measured by the AEDC) and 

also the extent of their subsequent engagement 

and participation in primary school as measured 

by their attendance in the early years of primary 

school), and that both would have some 

influence on a child’s academic performance on 

Year 3 NAPLAN.  

While the analysis findings support the validity 

of this hypothesis, they also identify substantial 

variations within and between the NT Aboriginal 

and non-Aboriginal student populations in the 

ways in which these processes play out over the 

course of their early development, preschool 

years and first few years of formal schooling.  

School attendance has often been considered an 

indication of a child’s engagement and 

involvement in schooling. However, attendance 

is at best only a weak proxy for engagement. 

Other factors not able to be included in this 

analysis (e.g. teaching quality, the schools 

cultural responsiveness and level of community 

engagement) are also known to be highly 

relevant to students’ engagement and success in 

making a successful transition into school 

learning (Martin, 2016). 

With that in mind, the strength of the positive 

associations we observe between children’s 

level of preschool attendance and attendance in 

early years of formal schooling is notable. This 

effect was stronger for Aboriginal children – 

with similar effect sizes of 0.607, 0.517 and 

0.606 in outer regional, remote and very remote 

areas respectively. For non-Aboriginal children 
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this effect was smaller, but still substantial 

(0.455, 0.473 and 0.406 respectively). This 

finding is consistent with a recent Western 

Australian data linkage study of the school 

attendance of all students enrolled in WA 

schools over a two-year period which 

demonstrated that children’s longer-term 

attendance patterns are established very early 

in their school careers (Hancock et al, 2015). 

Similar observations have also been made in 

recent Canadian data linkage studies 

investigating the impact of socioeconomic 

inequities early in children’s lives (Santos, 2012; 

Brownwell, 2012). As an elaboration on the 

analyses from Chapter 6, these results provide 

further confirmation of the benefits of exposure 

to early childhood education to NT children. 

The policy and practical importance of the 

association between preschool and early years 

school attendance cannot be overstated when it 

comes to ‘closing the gap’. Not only does 

exposure to preschool attendance benefit non-

Aboriginal children, when it comes to early years 

school attendance, the benefits are relatively 

greater for Aboriginal children who have 

generally lower rates of school attendance. 

Furthermore, this influence on early years 

school attendance also translates into positive 

educational outcomes.  

As demonstrated in the analysis of indirect 

paths, the influence of preschool on NAPLAN 

scores mediated via early years attendance was 

substantially greater for Aboriginal students 

than the indirect path via AEDC outcomes. Put 

simply, this provides further confirmation of the 

benefits of investments in maximising children’s 

engagement in early childhood education, 

especially for the high proportion of NT 

Aboriginal children who experience high levels 

of disadvantage. 

The SEM analysis also shows that the benefits of 

preschool attendance extend to children’s 

developmental readiness for school learning in 

terms of their AEDC outcomes. This effect was 

highly significant for both Aboriginal and non-

Aboriginal children in outer regional areas 

where it was equivalent to effect size 

improvements of 0.255 and 0.195 respectively. 

Aboriginal children in remote areas also showed 

a significant benefit, with an associated 0.267 

effect size increase in AEDC outcomes. In very 

remote areas, this association was also 

significant, but much smaller (0.090). Although, 

not as influential on NALPLAN outcomes as early 

years attendance, the developmental gains of 

preschool attendance evident on AEDC 

outcomes may signal benefits beyond formal 

schooling, such as reduced health and social 

risks (Anderson et al, 2003). 

Again, it is notable that the beneficial influence 

of preschool attendance on AEDC outcomes was 

generally stronger for Aboriginal children. The 

immediate benefits include gains in language 

and communication skills, emotional maturity 

and pre-literacy skills. Beyond these, preschool 

provides an opportunity for children developing 

familiarity with more structured learning 

environments and routines of school.  

An important limitation of this analysis was that 

we did not also stratify the analysis by gender. 

While it is well known that there are sizeable 

gender difference in children’s early 

development and early school learning 

outcomes, we considered that to include gender 

as a stratifying variable would add an additional 

layer of complexity to an already highly involved 

investigation of the two main research 

hypotheses.  

Another potential limitation of the SEM analysis 

was that while the results are consistent with 

the ‘causal’ processes posited in the hypotheses 

underpinning the final structural model, we 

cannot assume these to be proof that the 

associations are in fact causal (Denis and 

Legerski, 2006). The attribution of causality in 

epidemiological research requires a range of 

evidence criteria to be met (Bradley-Hill, 1965). 

Our model specification process, stratified SEM 
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analysis and findings do, however, meet several 

of these indications of likely causality. These 

include: The temporality of the hypothesised 

causes and effects; the sizeable ‘effect sizes’; the 

differentially greater effects for Aboriginal 

children - especially those in remote 

communities and those having English as a 

second language, and; their comparability with 

the findings of the fixed regression analysis 

reported in Chapter 6. Together, these features 

of the analysis strongly indicate that the ‘down-

stream’ benefits of preschool attendance are 

more likely to be causal (i.e. not simply 

correlational). However, this could only be 

conclusively established by a well-controlled 

experimental study.  

It is necessary to acknowledge that there is a 

range of other child, family, school and 

community factors which are known to 

influence children’s development and learning, 

but suitable data on these were not available for 

inclusion in the SEM analysis. Despite this the 

variables included in the model were still able to 

account for between 20 – 26% of the overall 

variance in the non-Aboriginal strata and over 

45% of the variance for the Aboriginal strata.  

While the effects of some of those other factors 

(e.g. housing overcrowding) were considered in 

earlier chapters, the quality, strength and 

consistency of the evidence from this SEM 

analysis clearly shows that better levels of 

preschool participation have significant flow-on 

benefits for children’s school attendance and 

longer-term academic achievement – and 

especially so for Aboriginal children, those in 

more remote areas, and those not having 

English as their first language. This indicates that 

the recent national and NT Government policy 

investments to improve Aboriginal children’s 

participation in preschool are well placed and 

should be extended.  

The analysis findings highlight the extent to 

which the learning and language support needs 

vary between the six NT demographic student 

cohorts we considered. The empirical evidence 

they provide could be useful in the targeting and 

weighting of resource allocations to achieve 

more equitable school attendance and learning 

outcomes. This is in line with international 

research demonstrating that one of the most 

promising strategies to achieve more equitable, 

long-term improvements in children’s outcomes, 

is for policy and investments in early years 

services (including health, child care and 

preschool) to be based on the principle of 

‘proportionate universality’ (Kershaw et al, 

2009; Marmot 2010: Carey et al, 2015). 

Delivering services in this manner would build a 

platform of universal early childhood support 

organised in ways that reduce many of the 

existing barriers to children’s participation in 

and benefit from preschool – especially those 

which affect children with the highest need.   

Finally, further qualitative and quantitative 

studies are required to advance scientific and 

policy understanding of what can be done to 

maximise the benefits of preschool for 

Aboriginal and non-Aboriginal children (Nelson 

et al, 2011; Duncan et al 2011). Furthermore, 

and in line with other Australian research and 

Indigenous scholarship, such studies should 

investigate the school and community factors 

which enable child and family engagement with 

schooling. In particular, schools’ language 

learning environments and level of cultural 

responsiveness should be investigated with 

respect to the way curricula and approaches to 

teaching and learning align with local 

community circumstances and children’s 

language and specific learning needs (Martin 

2016, Elliot et al, 2009; Silburn et al, 2011; 

Perso, 2014, Goldfeld et al, 2016; Page and 

Tailor, 2016; and Sparling et al. 2013). 
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7.6 Appendices 

7.6.1 Model Structure and Parameters 

The analysis was undertaken using the STATA14 

SEM module (StataCorp, 2015). Structural 

Equation Modelling (SEM) typically requires 

large sample sizes and depending on the data 

quality of the available data it can be challenging 

to achieve a convergent solution (Acock, 2013). 

There were three possible choices of 

convergence method which could have been 

used: a) The default maximum likelihood (ML) 

approach; b) the asymptotic distribution free 

(ADF) method, and; c) the maximum likelihood 

with missing values (MLMV) method. ADF is 

considered the least sensitive to non-normally 

distributed data.  

Both ML and ADF require complete data being 

available for all cases. Given the analysis 

involving the linkage of cases from a large 

number of separate datasets, the resulting level 

of sample loss would have meant restricting the 

analysis to just 1,238 of the 19,751 available 

observations. However, the MLMV analytic 

approach allows ‘pathwise’ complete case 

analysis – i.e. analysis of all cases with data 

available for the variables involved in defining 

each of the paths in the model.  

All three convergence methods were tried and 

produced essentially similar results. The much 

larger case numbers able to be analysed with  

the MLMV approach produced greater model 

stability and narrower confidence intervals 

around path coefficient estimates. This made it 

our analytic method of choice. 

Modification indices were used to investigate 

the benefits of increasing a model’s complexity, 

e.g. by adding a path or allowing certain errors 

to be correlated. The SEM literature advises that 

this method should be used cautiously as any 

added complexity improves model fit 

incrementally (Hermida, 2015). Our approach 

therefore aimed to maximise parsimony in the 

number of model components.  

A variety of fit indices are potentially available 

for testing SEM models (Byrne, 1998; Hooper et 

al, 2008; Bentner et al, 1990). We tested the 

final model using the ‘estat stable’ STATA 

command which confirmed it to be highly stable. 

The group level Coefficient of Determination is 

reported in section 7.3.2 in the chapter text. For 

technical reasons (i.e. stratification, constraining 

the measurement models and missing data) χ2 

and other indices of fit cannot be reported. 

7.6.2 Measurement Models 

AEDC domain scores are available both as a 

continuous scale and as a categorical score. 

Descriptive details of means, standard 

deviations (SD) and correlations among the five 

domain scales are provided in Table 7.A.1 below.

Table 7.A.1 Means, SD’s, and correlations among AEDC domain scales 

 AEDC (n=19,647) 1 2 3 4 5 
1 Physical health & wellbeing 1.000     

2 Emotional maturity 0.520*** 1.000    

3 Language & cognitive skills 0.571*** 0.551*** 1.000   

4 Communication skills 0.669*** 0.559*** 0.717*** 1.000  

5 Social competence 0.630*** 0.828*** 0.662*** 0.714*** 1.000 

        Mean 8.411 7.583 6.986 6.971 7.641 

1 Standard deviation 1.754 2.028 2.425 2.965 2.263 

* Indicates p ≤ 0.05; ** Indicates p ≤ 0.01; *** Indicates p ≤ 0.001.  
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Table 7.A.2 Means, SD’s, and correlations among NAPLAN scales 

 
NAPLAN (n=19,647) 1 2 3 4 5 

1 Reading   1.000     

2 Writing  0.701***  1.000    

3 Grammar  0.793***  0.713***  1.000   

4 Spelling  0.741***  0.734***  0.751***  1.000  

5 Numeracy  0.737***  0.692***  0.7267***  0.706***  1.000 

       
 Mean -1.550 -4.950 -1.445 -3.686 -2.130 

 Standard Deviation  1.893  3.696  2.016  2.448  1.541 

** indicates p ≤ 0.05; *** indicates p ≤ 0.01; *** indicates p ≤ 0.001. 

The AEDC’s domain scale score correlations and 

distributions with the overall NT study cohort 

were found to be broadly comparable to those 

reported in the national AEDI Indigenous 

Adaptation Study (Silburn et al, 2009).  

Children’s NAPLAN test results are reported as 

either raw test scores, logit transformed scores, 

scaled scores and band scores. The 

measurement models using each type of score 

were compared to determine which had the 

best distributive properties. While the raw scale 

score and logit scores were all strong (R2 = 

0.945, 0.936 and 0.937 respectively), we chose 

to use the logit score in the final SEM model for 

its superior distributional properties.  

Table 7.A.2 (above) presents the means, 

standard deviations (SD’s) and correlations 

among the NAPLAN logit scores for each scale.  

To ensure the latent variables of AEDC scores 

and NAPLAN results can be used for meaningful 

comparisons across different strata, the 

Confirmatory Factor Analysis Framework was 

applied (Bollen, 1989) to determine the level of 

invariance within the measurement models. 

Testing of these measurement models across 

strata established strong factorial invariance, a 

requirement for stratified SEM analyses. 

Therefore, the full structural latent models were 

fit with constrained measurement models that 

involved fixing the estimated path coefficients 

and intercepts across all strata to ensure 

unbiased and meaningful comparisons across 

strata. 

Finally, the stratified analysis enabled 

comparison of the relative strength of the 

various path loadings (i.e. standardised path 

coefficients) within each of the six NT 

demographic cohorts. These path loadings were 

found to be generally similar across strata with 

the notable exception of NAPLAN’s ‘Spelling’ for 

very remote children. This loading was less than 

half that of the other strata paths.  

Figures 7.A.1 & 7.A.3 (below) display details of 

the structural path models for Aboriginal and 

non-Aboriginal children within each of the 

remoteness strata. 

Table 7.A.3 reports descriptive statistics 

regarding the means, SD’s and inter-correlations 

of the variables included in each of the stratified 

path models. 

Tables 7.A.4 and 7.A.5 report in tabular format 

the direct and indirect path loadings which are 

shown diagrammatically within Figures 7.2 and 

7.3 in the chapter text. 
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Figure 7.A.1 Structural Equation Models: NT Outer Regional areas  

a) Aboriginal students  

 

 

b) Non-Aboriginal students 
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Figure 7.A.2 Structural Equation Models: NT Remote areas 

a) Aboriginal students 

 

 

b) Non-Aboriginal students  
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Figure 7.A.3 Structural Equation Models: NT Very Remote areas 

a) Aboriginal students  

 

 

b) Non-Aboriginal students  
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Table 7.A.3 Means, SD’s, and correlations among observed variables:  

a) NT Outer regional areas 

 Aboriginal (n=2,080) 1 (PSA)1 2 (EYA) 3 (ESL) 4 (PEd)2 
1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.631***  1.000   

3 ESL -0.187***  0.218***  1.000  

4 Parental education (PEd)  0.169***  0.177*** -0.139*** 1.000 

      

 Mean  1.312  1.878  0.323 0.898 

 Standard Deviation  1.332  1.057  0.468 0.302 

 Non-Aboriginal (n=7,234) 1 (PSA)1 2 (EYA) 3 (ESL) 4 (PEd)2 
1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.458*** 1.000   

3 ESL -0.090*** -0.073*** 1.000  

4 Parental education (PEd)  0.073***  0.038** -0.097*** 1.000 

      

 Mean  2.278  2.641 0.309 0.974 

 Standard Deviation  1.048  0.853 0.462 0.159 

b) NT Remote Areas 

 Aboriginal (n=1,820) 1 (PSA)1 2 (EYA) 3 (ESL) 4 (PEd)2 
1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.609***  1.000   

3 ESL -0.222*** -0.286***  1.000  

4 Parental education (PEd)  0.187***  0.222***  -0.183***  1.000 

      
 Mean  0.820  1.403  0.645  0.747 

 Standard Deviation  1.241  1.078  0.479  0.435 

 Non-Aboriginal (n=1,703) 1 (PSA)2 2 (EYA) 3 (ESL) 4 (Ped)2 
1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.474***  1.000   

3 ESL -0.089*** -0.058* 1.000  

4 Parental education (PEd)  0.086**  0.020 -0.025  1.000 

      
 Mean  2.275  2.520  0.300  0.975 

 Standard Deviation  1.078  0.853  0.458  0.155 

c) NT Very remote areas 

 Aboriginal (n=6,068) 1 (PSA)1 2 (EYA) 3 (ESL) 4 (PEd)2 

1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.618***  1.000   

3 ESL -0.144*** -0.157***  1.000  

4 Parental education (PEd)  0.026  0.105*** -0.156***  1.000 

       Mean  0.057  0.447  0.955  0.520 

 Standard Deviation  1.245  1.033  0.207  0.500 

 Non-Aboriginal (n=742) 1 (PSA)1 2 (EYA) 3 (ESL) 4 (PEd)2 

1 Preschool attendance (PSA)   1.000    

2 Early years attendance (EYA)  0.424***  1.000   

3 ESL -0.131** -0.146***  1.000  

4 Parental education (PEd) -0.051  0.065 -0.146***  1.000 

       Mean  1.938  2.297  0.197  0.996 

 Standard Deviation  0.978  0.962  0.398  0.067 

1. Logit transformed preschool attendance rates were used. 
2. Logit transformed early years attendance rates were used. 
* Indicates p ≤ 0.05; ** Indicates p ≤ 0.01; *** Indicates p ≤ 0.001.
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Table 7.A.4 Direct path effects: By level of remoteness and Aboriginal status 

a) Outer regional areas (e.g. Darwin) Aboriginal non-Aboriginal 

Path 1. Preschool attendance to Early Years attendance  0.607***   0.455*** 

Path 2. Preschool attendance to AEDC  0.255***  0.195*** 

Path 3. AEDC to NAPLAN  0.374***  0.469*** 

Path 4. AEDC to Early years attendance  0.090**  0.051* 

Path 5. Early Years Attendance to NAPLAN  0.379***  0.154*** 

Path 6. Preschool attendance to NAPLAN  0.047 (NS) -0.016 (NS) 

b) Remote areas (e.g. Alice Springs) Aboriginal non-Aboriginal 

Path 1. Preschool attendance to Early Years attendance  0.517***  0.473*** 

Path 2. Preschool attendance to AEDC  0.267***  0.190*** 

Path 3. AEDC to NAPLAN  0.499***  0.433*** 

Path 4. AEDC to Early years attendance  0.213***  0.065 (NS) 

Path 5. Early Years Attendance to NAPLAN  0.249***  0.300*** 

Path 6. Preschool attendance to NAPLAN  0.132*  0.065 (NS) 

c) Very remote areas (e.g. Ngukurr) Aboriginal non-Aboriginal 

Path 1. Preschool attendance to Early Years attendance  0.606***  0.406*** 

Path 2. Preschool attendance to AEDC  0.090**  0.131 (NS) 

Path 3. AEDC to NAPLAN  0.189***  0.456*** 

Path 4. AEDC to Early years attendance  0.102***  0.089 (NS) 

Path 5. Early Years Attendance to NAPLAN  0.513***  0.272** 

Path 6. Preschool attendance to NAPLAN  0.006 (NS)  0.082 (NS) 

* Indicates p ≤ 0.05; ** Indicates p ≤ 0.01; *** Indicates p ≤ 0.001. 

Table 7.A.5 Indirect path effects by Aboriginality and level of remoteness 

a)  Outer regional areas (e.g. Darwin) Aboriginal non-Aboriginal 

      PSA to NAPLAN via AEDC (Path 2 * Path 3) 0.093 0.094 

      PSA to NAPLAN via EYA (Path 1 * Path 5) 0.232 0.069 

b)  Remote areas (e.g. Alice Springs) Aboriginal non-Aboriginal 

      PSA to NAPLAN via AEDC (Path 2 * Path 3) 0.133 0.082 

      PSA to NAPLAN via EYA (Path 1 * Path 5) 0.128 0.142 

a)  Very remote areas (e.g. Ngukurr) Aboriginal non-Aboriginal 

      PSA to NAPLAN via AEDC (Path 2 * Path 3) 0.017 0.060 

      PSA to NAPLAN via EYA (Path 1 *Path 5) 0.311 0.110 

* Indicates p ≤ 0.05; ** Indicates p ≤ 0.01; *** Indicates p ≤ 0.001. 
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8. Summary and conclusions 

This final chapter considers the overall implications of the findings reported in the earlier chapters. 

Each chapter was designed to progressively build a more comprehensive and nuanced 

understanding of the cumulative effects of the multiple, inter-acting factors shaping children’s early 

health, development and school learning outcomes. Wherever possible, the findings have been 

contextualised in terms of the Northern Territory’s diverse cultural, geographic and socioeconomic 

circumstances. The overall methodological approach and analysis strategy have also been informed 

by Aboriginal perspectives on the issues as they affect their lives. The conclusions arising from the 

study have a clear message for policy makers, government agencies and community service 

providers – there are substantial immediate and longer term benefits which can be realised from 

policy and service investment which increase children’s access to, and participation in, quality 

preschool early learning. However, future efforts to improve the school attendance and learning 

outcomes of NT children will remain limited by the progress made by government and community 

action in addressing the modifiable early-life ‘up-stream’ determinants of these outcomes, and 

Aboriginal children’s disproportionate exposure to high levels of disadvantage. 

 

8.1 Summary  

The NT Developmental Outcomes Study has 

provided a unique opportunity to assemble a 

comprehensive new source of evidence 

regarding early-life determinants of children’s 

development and school learning. It has 

enabled types of research not previously 

possible to establish a more nuanced and 

holistic understanding of some of the main 

drivers of NT children’s developmental 

readiness for school learning, their school 

attendance and longer-term literacy and 

numeracy outcomes. The study’s findings add 

to the rapidly growing research literature 

from data linkage studies now being 

conducted around Australia and 

internationally. 

An important indirect benefit of the study has 

been the contribution it has made to the NT’s 

growing capacity to utilise de-identified data 

linkage research to make better use of its 

routinely collected administrative data 

holdings. These include the development of 

the technical infrastructure required for highly 

secure data management, as well as the 

research governance arrangements needed to 

support and oversee the conduct of ethics-

approved research involving unit-record 

linkage and de-identified analysis of NT and 

other administrative data. Also, because data 

linkage is a relatively new concept, the study’s 

communication strategy has given high 

priority to supporting government and 

community stakeholders gaining a shared 

understanding of its benefits for policy, 

service planning, program evaluation, and 

scientific research; as well as the safeguards in 

place to ensure the privacy of individuals and 

communities, and the confidentiality of the 

person-level information linked for the 

purposes of this study.  

While the study population included all 

children born in the NT over a 20 year period, 

the design and reporting of findings has 

included a special focus on Aboriginal 

children, given that in 2011 they comprised 

43% of the NT child population aged 0-17 

years (ABS, 2016). This made it essential that 

the organisational partners in the research 

collaboration, the study’s investigator team, 

and it’s project governance and community 

advisory bodies, all included strong Aboriginal 

representation. This, together with the 

research partners’ shared development of an 

overall methodological approach, assisted the 

study’s implementation and reporting being 
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carried out in a manner appropriate to the 

NT’s cultural context and being properly 

inclusive of Aboriginal perspectives. 

An initial challenge in planning the analysis of 

the study data concerning Aboriginal people’s 

contact with different service agencies, came 

from the fact that the recording of a person’s 

Aboriginal status can vary between agencies 

and over time with different episodes of 

service contact. The implication of this for 

analysis involving data from multiple data 

sources, is that with each additional dataset 

linked, the resulting number of cases with 

complete Aboriginal identifiers grows 

progressively smaller. This can restrict the 

number of cases available for complete case 

analysis resulting in biased or misleading 

findings.   

In the methodology chapter (Chapter 2) we 

describe the approach taken to address this 

issue. This involved firstly investigating the 

completeness, consistency and quality of the 

Aboriginal status variables in each of the 

study datasets. That information was then 

used to develop and evaluate an algorithm 

(i.e. rule) which could be used for the 

selection of the optimum Aboriginal status 

identifier to use in the study analyses 

requiring data from two or more datasets. 

While the methodology used to develop this 

algorithm followed principles recommended 

from other Australian data linkage studies 

(Lawrence et al, 2012; Taylor et al, 2012; and 

Fremantle et al, 2012), we were also able to 

draw on several year’s work which the NT 

Health Department has done with its Client 

Master Index to ensure that its personal 

health records are for the same individuals 

(Robbins, 1999). The algorithm we developed 

will be of value for other NT data linkage 

studies, as its validity and utility for use with 

NT population data has now been established. 

 

One of the main strengths of the study was 

that the data linkage methodology enabled 

the assembly of population-level data on 

individual children’s contact with health and 

education services over a 20 year period. This 

has permitted types of type of longitudinal 

analysis not previously possible for 

investigating the early life determinants 

shaping NT children’s health, development 

and subsequent school learning outcomes. 

Also, the progressive sequence in which the 

different components of the study were 

conducted enabled the research team to build 

a cumulatively more layered and 

comprehensive description of the main 

factors shaping NT children’s development 

and learning. 

An important limitation of the study was that 

we were unable to secure all the permissions 

needed within the available timeframe to link 

all of the NT administrative datasets we had 

hoped to access for the analyses reported 

here. The additional datasets relevant to the 

study but not able to be linked in time 

included those concerning children’s contact 

with: a) primary health services, including the 

Healthy Kids under 5 developmental health 

data; b) child hearing assessment services; c) 

the NT child protection system; d) the NT 

juvenile justice system; as well as NT Police 

data concerning community-level indicators 

community safety and rates of alcohol related 

harm.17  

                                                           
17

 Data extracted from these additional datasets 
were linked during 2017 and 2018. Findings from a 
preliminary analysis on NT children’s contact with 
the NT child protection system were reported in a 
submission to the Royal Commission into the 
Protection and Detention of Children Northern 
Territory. Other publications reporting the analysis 
of data on children’s contact with the child 
protection and juvenile justice systems, and child 
development and educational outcomes 
associated with ear health and hearing are now in 
preparation. 
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The inclusion of these data would clearly have 

improved the precision of the analyses 

reported in this publication. Nevertheless, 

using the data which were available, the 

regression models concerning predictors of 

children’s early childhood development status 

(AEDC), and school attendance, achieved high 

predictive power and were able to account for 

large proportions of the variation in the these 

outcomes. 

Another limitation of the study was that it was 

not possible to include sex as one of the 

stratifying variables in the analyses which 

were stratified by Aboriginal status and by 

areas of remoteness. This would have 

resulted in 12 separate analysis strata, some 

of which would not have sufficient case 

numbers for meaningful analysis. However, 

sex was included as a covariate in the 

regression analyses reported in chapters 4 

and 5. These showed that, in comparison with 

girls and after adjustment for other factors, 

both Aboriginal and non-Aboriginal boys were 

more likely to be less developmentally ready 

for school learning, have more school 

absences, and poorer year 3 NAPLAN literacy 

and numeracy outcomes.  

The documentation of recent population 

trends in key early life health indicators and 

early childhood development reported in 

Chapter 3 provide a descriptive overview of 

the study population as well as informing 

many of the analyses reported in subsequent 

chapters. The trend analysis clearly highlights 

the fact that disparities in the health status of 

Aboriginal children are evident from very 

early in life. They provide evidence concerning 

recent changes in live birth and fertility rates 

which have significant implications for 

projections of the NT’s population growth and 

sustainability, as well as for the planning of 

services and social policy.  

While there has been a small, but significant 

increasing trend (1.2% per year) in the total 

fertility rate (TFR) for non-Aboriginal women, 

the TFR for Aboriginal women has followed a 

significant decreasing trend, such that by 

2013 it was the lowest on record, and close to 

the population replacement rate of the 

average 2.1. 

Teenage birth rates for Aboriginal and non-

Aboriginal mothers have also both shown 

significant decreasing trends in recent years. 

While this is encouraging, it is important that 

further research establishes whether this is 

associated with increasing rates of 

contraception use and/or other factors such 

the high NT rates of sexually transmitted 

infections and repeated episodes in this age 

group which could affect fertility.  

The findings reported in Chapter 4 describe 

associations between the early life health 

factors, socio-demographic factors and 

children’s subsequent developmental 

outcomes as measured by the AEDC at around 

age 5 years. These highlight the extent to 

which Aboriginal and non-Aboriginal children 

differ in their developmental readiness for 

school learning, and how this varies between 

different geographical areas.  

The main predictive factors associated with 

positive early development of were similar for 

Aboriginal and non-Aboriginal children. they 

included: Female gender, having attended 

preschool, having mothers who did not smoke 

during pregnancy, and mothers who had at 

least seven antenatal health checks. Apart 

from female gender, all of these factors are 

potentially modifiable and should be key 

targets for preventive services.  

While a few of the factors associated with an 

increased risk of AEDC scores indicative of 

‘developmental vulnerability’ were common 

to both Aboriginal and non-Aboriginal 

children (e.g. male gender, not attending 

preschool, and having English as a second 

language), there were other notable 
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differences. For Aboriginal children, key early 

life factors significantly associated with 

adverse developmental outcomes included: 

preterm birth (<37 weeks gestation), having 

has 2 or more hospitalisations by age 5 years, 

the child’s primary carer being unemployed, 

and living in very remote areas. These findings 

identify areas for prevention and provide 

further evidence of the extent to which 

Aboriginal children’s greater exposure to 

multiple adversities in early life affects their 

readiness for school learning.  

Chapter 5’s analysis of the school attendance 

of Aboriginal and non-Aboriginal students at 

government schools in urban, remote and 

very remote communities has several 

implications for policy to improve the current 

rates of Aboriginal school attendance.18 While 

attendance rates for non-Aboriginal students 

are much the same regardless of their schools 

geographic location, Aboriginal students’ 

attendance varies markedly by geographic 

region (e.g. 80% or higher for Aboriginal 

students in outer regional areas, and just 65% 

or less in very remote areas). Analysis of 

student’s trajectories of attendance also show 

that enduring patterns of attendance are 

established very early in a child’s school 

career - which is consistent with findings from 

a recent Western Australian data linkage 

study (Hancock et al, 2013). 

The analysis of weekly average attendance 

rates over the school year show that there is 

substantially lower attendance in the first and 

last few weeks of each quarterly school term 

for both Aboriginal and non-Aboriginal 

students across all years of schooling. Given 

the current emphasis of the NT Department of 
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 These remoteness categories are those defined 
by the Australian Standard Geographic 
Classification (ASGC). In this system Outer Regional 
is Darwin & Palmerston, Remote includes the 
areas around Darwin extending to Katherine plus 
Alice Springs, the balance of the NT is Very remote.  

Education’s attendance policy that ‘every day 

of school counts’, this would seem to be a 

potentially fruitful area to target for combined 

school and community action.  

Also, the attendance of Aboriginal students 

drops off markedly in the later years of 

compulsory schooling - from around 60% in 

the first quarter of Years 7-9, to less than 50% 

in the first quarter of Year 10, and then 

further to around 40% in the final two 

quarters of that year. This highlights the 

importance of middle schooling in maintaining 

student engagement, and why the transition 

to high school is such a critical point in the 

course of a student’s school career. This 

represents a key opportunity for preventive 

intervention. 

The fact that multivariable regression 

modelling of predictive factors associated 

with Aboriginal student’s year 1 attendance 

found no less than 11 factors having a 

significant independent association highlights 

how generalised disadvantage in early 

childhood underlies the low rates of school 

attendance and why addressing this requires 

a ‘whole-of-government’ and community 

approach.  The impact of these influences can 

be gauged from the proportion of school 

absence days which the analysis showed to be 

attributed to these factors.  In a typical school 

year of 200 days, the average days of school 

absence independently associated with 

specific factors were: a) Living in a community 

with overcrowded housing - 35 more days 

absent; b) Having English as a second 

language - 11 more days absent; c) Living in a 

very remote location - 6 more days absent; d) 

Being hospitalised for an infectious disease by 

age 5.5 years - 4 more days absent, and; e) 

Having low-birthweight - 4 more days absent.   

Importantly, the main protective factors 

predicting better school attendance were: a) 

Having attended more than 30 days of pre-

school - 18 more school days attended; b) 
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Having a parent/carer that was employed - 11 

more school days attended, and; c) Having a 

parent/carer with Year ten or higher 

education - 10 more school days attended. 

For non-Aboriginal students, the factors 

predictive of more days of school attended 

were: a) living in a community with 

overcrowded housing – 10 more days19, b) 

being a twin -5 more days, and c) their 

parent/carers was employed – 4 more days.  

The combined effect on school attendance of 

students exposed to many of the above risk 

factors and few of the protective factors is 

therefore likely to result in extreme levels of 

school absence. 

The influence of these early life factors also 

needs to be considered in conjunction with 

the other study findings concerning the link 

between early childhood health and 

educational outcomes, as well as the 

significant association observed between 

children’s early development/school 

readiness and their year 1 school attendance. 

For Aboriginal children in particular, the 

greater extent to which their scores on the 

AEDC ‘Language and cognitive skills’ and 

‘Communication skills and general knowledge’ 

domains are associated with their Year 1 

attendance, emphasises the importance of 

ensuring they have access to the levels of 

learning and language support needed for a 

successful transition into primary school.  

Given the well-established links between 

school attendance and educational 

attainment, the current NT and Australian 

Government’s policy focus on improving 

school attendance is well founded. However, 

our findings suggest that these efforts can be 

expected to have only limited success unless 

they are accompanied by policy efforts to 

address their ‘up-stream’ determinants. 
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 This finding may be due to these children having 
parents employed in the community (e.g. as 
nurses, teachers, police) and having higher 
education and household income than the 
community average. 

Such efforts should ideally be coordinated on 

the basis of ‘proportionate universalism’. In 

other words, that all children have universal 

access to the basic services needed for their 

healthy development and learning, and; that 

more targeted and intensive services can also 

available in proportion to the identified needs 

of those children requiring additional support. 

Another finding pointing to the need for a 

more differentiated and ‘place-based’ 

approach to addressing the early life 

determinants shaping Aboriginal school 

attendance, was from the ‘variance 

decomposition’ analysis described in Chapter 

5. This compared the relative contribution to 

year 1 attendance made by specific child 

factors and the overall ‘fixed effect’ of their 

school/community characteristics. It showed 

that for Aboriginal children in all three 

geographical regions, the greatest modifiable 

protective factor in Aboriginal children’s 

school attendance is their level of attendance 

at preschool. It also showed that 

school/community characteristics account for 

the majority of the explained variation 

attendance (67%) of Aboriginal children in 

very remote areas, while individual child 

factors explained relatively less of this 

variation (e.g. whether the child attended 

preschool (21%), parent’s characteristics (5%), 

English as a second language (2%), child 

characteristics (3%), and student mobility 

between different schools (1%)).  

In contrast, the same analysis showed that for 

Aboriginal students in remote and outer 

regional areas, the school/community fixed 

effect was much smaller (23% and 31% 

respectively). The findings of this analysis 

indicate that while improving Aboriginal 

children’s preschool attendance should be a 

priority across all regions, in very remote 

areas the greatest gains are likely to derive 

from place-based intervention addressing 

community-level factors which impact all 
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children in the community such as housing 

overcrowding, high rates of family 

unemployment and alcohol related harm. 

The beneficial association between preschool 

participation and early years primary school 

attendance was investigated further to 

establish the relative efficacy of the three 

main modes of preschool delivery currently 

available in very remote areas (i.e. General 

Preschools, Early Years Classes, and Mobile 

Preschools). After adjustment for all possible 

confounders, it was found that Aboriginal 

children attending any of these types of 

preschool showed a significant positive 

association with their subsequent early years 

school attendance. On average, the children 

in very remote communities who attended a 

General Preschool attended 22 more school 

days per year, those who attended an Early 

Years Class attended 13 more days of school 

days per year, and those who attended a 

Mobile Preschool attended 11 more days of 

school each year. Thus in comparison with the 

other types of preschool, the General 

Preschool model offered the greatest 

potential benefit in increasing children’s 

expected days of school attendance.  

The final stage of that analysis also modelled 

the distribution of expected benefits of 

different levels of preschool attendance on 

early years school attendance. This showed 

that the minimum attendance at General 

Preschools necessary for this to be associated 

with children having a population average 

early years school attendance was 45%. The 

corresponding minimum preschool 

attendance in the other forms of preschool 

was 55% for Early Year Classes, and 65% for 

Mobile Preschools. These findings have 

implications for the setting of preschool 

attendance targets and promoting family, 

community and school understanding of 

longer-term benefits of regular preschool 

attendance for children’s likely pathways of 

school attendance. 

The final stage of the study, reported in 

Chapter 7, sought to unify the work of 

previous chapters in developing a deeper 

understanding of the complex interactions of 

children’s early life circumstances, pre-school 

program exposure, developmental readiness 

for school learning and subsequent academic 

outcomes. This involved the use of structural 

equation modelling (SEM) to ‘unpack’ the 

relative strength of the influence and 

interplay of the key factors identified in earlier 

chapter as making important contributions to 

children’s year 3 NAPLAN academic outcomes. 

This was used to test the following 

hypotheses separately for Aboriginal and non-

Aboriginal children in outer regional, remote 

and very remote areas of the NT:  

1. That preschool attendance is positively 

associated with attendance in the early 

years of primary school, which after 

adjusting for differences in AEDC 

outcomes, has a positive influence on 

NAPLAN outcomes, and; 

2. That children’s level of preschool 

attendance positively influences the early 

development outcomes (AEDC), which in 

turn is associated with early school 

achievement (NAPLAN). 

The analysis showed that the strongest direct 

path associations were between children’s 

level of preschool attendance and their 

subsequent school attendance across all 

remoteness strata. These direct path 

associations were equivalent to ‘moderate’ 

effect sizes of 0.61, 0.52 and 0.61 for 

Aboriginal students in outer regional, remote 

and very remote areas respectively. The 

equivalent path associations for non-

Aboriginal students were 0.46, 0.47 and 0.41. 

Furthermore, the indirect (composite) path 

from preschool attendance to NAPLAN via 

early years school attendance for Aboriginal 
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children were 0.23, 0.13 and 0.31 for outer 

regional, remote and very remote areas, and 

0.07, 0.14 and 0.11 for non-Aboriginal 

children in these areas.  

While the analysis also provided some 

support for Hypothesis 2, this was surprisingly 

less than expected. For Aboriginal children in 

outer regional, remote and very remote areas 

the respective effect sizes of the direct path 

from preschool attendance to AEDC were 

0.26, 0.27 and 0.09. The equivalent effect 

sizes for non-Aboriginal children were 0.20, 

0.19, and 0.13 respectively. Also, the indirect 

(composite) path from preschool attendance 

via AEDC to early years school attendance for 

Aboriginal children in outer regional and 

remote areas were just 0.09, 0.13 and 0.02; 

while for the few non-Aboriginal children in 

very remote areas this was 0.46, and not 

significant for those in outer regional or 

remote areas. 
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8.2 Conclusions 

 The findings first and foremost demonstrate the extent to which socio-cultural and 

economic circumstances influence all children’s early health, development and learning, and 

why it is essential that current efforts to improve school attendance and achievement also 

focus on addressing the known early determinants of these outcomes.  

 They highlight the extent to which children’s health status – especially from pre-birth 

through early childhood – and socioeconomic circumstances are associated with their 

developmental readiness for school learning.  

 The findings provide evidence of the significant benefits of preschool and the vital 

importance of children attending preschool regularly. They suggest that improving children’s 

access to, and participation in, preschool is one of the best immediately available strategies 

for improving the NT’s concerning rates of Aboriginal school attendance and achievement.    

 At the same time, they indicate that the initial benefits of preschool can easily ‘fade out’ 

unless they are reinforced by regular attendance and effective engagement with school 

learning in the early years of primary school.  This underscores the necessity of that policy 

and services supporting children’s transition into formal school learning extending through 

to at least Year 3. 

 The findings are consistent with other research in identifying critical transition points in 

children’s school careers which are opportunities for leveraging better outcomes:  a) From 

preschool to Year 1 – especially for the Aboriginal students through targeted additional 

learning and language support, and; b) From Year 6 to Year 7 - through middle school 

programs which maintain student’s engagement and facilitate their retention in high school 

and further learning.  

 The overall findings strongly support the direction and potential benefits of the NT 

Government’s recent investment of $35.6 million over four years to implement a whole-of-

government plan in collaboration with community organisations to improve early childhood 

services and the lives of Territorian children (Northern Territory Government, 2018). They 

validate the plan’s emphasis on developing a more integrated and place-based approach to 

the planning and delivery of universal and targeted services to young children and their 

families. They also provide a baseline against which many of its short- and longer-term 

performance outcomes could be monitored. 
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8.3 Implications for future research 

Finally, the study findings suggest the need and potential value of future research in the 

following areas:  

1. Investigating reasons for the recent decreasing trend in Aboriginal and non-Aboriginal 

teenage pregnancy e.g. whether this is associated with increased uptake of 

contraception in this age group and/or other health and social factors.  

2. Investigating the implications of the declining Aboriginal total fertility rate which by 2013 

was approaching the population replacement rate of 2.1 live births to women in their 

reproductive years.  

3. Conducting qualitative studies to inform the development and evaluation of preventive 

public health strategies to reduce the continuing high proportion of Aboriginal women in 

remote and very remote who report smoking during pregnancy.  

4. Investigating whether there are homogenous subgroups of students who share similar 

patterns of attendance over the course of their school career using newly available 

analytical methods, e.g. trajectory analysis (Nagin et al, 2010) and latent class analysis 

(Thompson et al, 2017; Hancock et al, 2018). This would assist in the early identification 

and targeted support for students at increased risk of adverse school outcomes. 

5. Undertaking mixed-methods research to investigate family, community and school 

factors which explain why some communities have better early childhood development 

(AEDC) outcomes than would be predicted on the basis of their socioeconomic status. 

6. Qualitative research into the child, school and curriculum factors which optimise 

children’s engagement with school learnings in the early years of primary school. This 

should also include a focus on the specific learning and school adjustment needs of boys.  
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