
The authors of this paper regret to advise that the following
corrections are required to the paper ‘Socio-economic status as
a factor in Indigenous and non-Indigenous children with hearing
loss: analysis of national survey data’.

Prior to 1 July 2014, the AEDC (Australian Early
Development Census) was known as the Australian Early
Development Index (AEDI) and references to AEDI throughout
the article should be corrected to AEDC.

The AEDC checklist referred to on page 1 should read
the Australian version of the Early Development Instrument
(AvEDI).

On page 4, the first sentence should read ‘Secondly, adjusting
for two additional variables (State and SES), the relative odds
of hearing loss in the Indigenous children compared to the non-
Indigenous children was 3.8 (95% CI: 3.4–4.2).’

Table 3 refers to the Australian Early Development Census
(AEDC), not the Australian Early Development Index (AECI).
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Abstract. In this paper, the association between socioeconomic status and speech, language and communication outcomes
for primary-school-going children with hearing loss using population survey data was analysed. The dataset used for
analysis consisted of 289 973 children in total, of which 3174 children had hearing loss. For all children, higher
socioeconomic status was positively correlated with better speech, language and communication outcomes. A hearing loss
was indicated for 1% of non-Indigenous children and 4.3% of Indigenous children. Non-Indigenous children with hearing
loss were found to be fairly evenly distributed by socioeconomic status, whereas Indigenous children with hearing loss
were found to be statistically significantly more likely to be living in the most disadvantaged socioeconomic areas.
Socioeconomic status was found to affect developmental outcomes for all children, regardless of Indigenous and hearing
loss status.
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Introduction

In Australia, one of the most dominant and ongoing inequalities
is the disadvantage of health and wellbeing of Indigenous
peoples (Hill et al. 2007). Preventable ear disease such as otitis
media and associated hearing loss explains a proportion of this
gap with Australian Indigenous communities showing some
of the highest published prevalence rates of chronic ear-related
infections in the world (Burns and Thomson 2013). In children,
the condition presents as difficulties in learning speech, language
and communication, which in turn affects participation in
schooling, working, and social relationships (CAHE 2009).

Additional contextual factors, such as socioeconomic status
(SES) have been acknowledged to play a role in speech, language
and communication outcomes for children with hearing loss. For
this population of children with hearing loss, higher SES status
has been linked with better reading comprehension (Connor and
Zwolan 2004), speech production ability (Tobey et al. 2003) and
educational achievement (Powers 2003). However, studies have
been limited methodically by participant selection bias, usually
examining only one particular school or area (Powers 2003;
Stacey et al. 2006; Ching et al. 2013). In addition, as most studies
relied on families to ‘opt in’ to research, the participant samples
were skewed towards Caucasian families from higher SES
brackets (Stacey et al. 2006; Ching et al. 2013).

The present study aimed to use a population-based
approach to improve our understanding of speech, language and
communication development in children with hearing loss and
the association between Indigenous background and SES on
these outcomes using available national data.

Method

Survey measure

TheAustralian Early Development Index (AEDI) is a nationwide
questionnaire on health and developmental milestones undertaken
by teachers during children’s first year of full-time schooling
(Department of Education and Training 2015). The checklist was
adapted from the Canadian Early Development Index tool, which
has been verified for population usage in several international
settings (Janus and Offord 2007; Goldfeld et al. 2009).

For the Australian context, the survey has been modified
to take cultural differences of child development into account.
Within Indigenous communities, cultural consultants work
closely with teachers to complete the survey (Department of
Education and Training 2016). The present study was based on
AEDI data collected in 2012 from teachers of children in their
first year of school. The dataset was made available to the
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researchers upon request and accessed as an Excel spreadsheet
(Microsoft Corporation).

The outcomes of interest for the study were the overall
scores on two of the five major elements or domains that are
considered important for children’s development in the AEDI:
language and cognitive skills (school-based) and communication
skills and general knowledge (Brinkman et al. 2014). Each
domain score is calculated from the questions that make up that
domain. Domain scores are represented by a number between
0 and 10 with a higher domain score indicating a higher level
of development within that particular domain.

Major variables of interest for the present study included:
hearing loss, Indigenous background, and SES. Hearing loss was
indicated in the AEDI if the teacher ticked yes to the question
‘Identify if the child has a hearing impairment that affects their
ability to do school work in a regular classroom.’ A child was
considered to be ‘Indigenous’ if the teacher ticked yes to the
question ‘Is this child of Aboriginal or Torres Strait Islander
descent?’ SES for each child is provided by the AEDI dataset
and was determined by the Index of Relative Socioeconomic
Disadvantage, whereby a score from 1 to 10was calculated based
on several census characteristics including income, educational
attainment, geographic location and employment level (ABS
2015).

Participants

Statistical analysis was carried out on 289 973 children (further
information is shown in Table 1). The data for Indigenous
children are shown alongside non-Indigenous children. The
majority of children in the sample (~80%) were 5 years of age
with an even gender split of 49% female. The numbers of
children from each Australian State were spread so as to be
representative of the population density in these areas.

Statistical analysis

Descriptive statistics were followed by consideration of a
commonapproach tomeasuring inequity in economics, involving
application of a concentration curve and concentration index
(Mangham 2009). The authors used logistic regression to
adjust for age and gender to determine odds ratios for hearing
loss by investigating two area-based variables: Index of
Relative Socioeconomic Disadvantage decile and State or
Territory. To determine if a trend existed that was statistically

distinguished from random behaviour, a univariate regression
with the Socioeconomic Indexes for Area (SEIFA) decile as
outcome and Indigenous status as predictor was carried out
and the P-value for the independent variable was reported as
the ‘P for trend’.

What is known about the topic?
* Contextual factors, such as socioeconomic status and
Indigenous background, have been acknowledged to
play a role in speech and language outcomes for children
with hearing loss. However, findings have been difficult
to generalise owing to small sample sizes.

What does this paper add?
* Using available population data, socioeconomic status
was found to negatively affect developmental outcomes
for all children, regardless of the presence or absence
of hearing loss or Indigenous background.

Table 1. Prevalence of hearing loss across Australia
Demographic information for the 298 973 children who participated in
the 2012 Australian Early Development Index (AEDI). Regions examined
included area deciles ranked by the Index of Relative Socioeconomic

Disadvantage (IRSD; ABS 2015)

Demographic characteristic 2012 AEDI
289 973

Indigenous Non-Indigenous
n % n %

Australian children 15 490 274 483
Male 7868 50.8 141 117 51.4
Female 7622 49.2 133 366 48.6

Age (years)
3 5 0.03 17 0.01
4 1615 10.4 22 082 8.0
5 12 394 80.0 223 548 81.4
6 1473 9.5 28 781 10.5
7 3 0.02 55 0.02

State
ACT 117 0.8 4781 1.7
NSW 4988 32.2 89 584 32.6
NT 1420 9.2 2050 0.8
Qld 4513 29.1 57 080 20.8
SA 827 5.3 18 094 6.6
Tas. 472 3.1 5958 2.2
Vic. 946 6.1 66 985 24.4
WA 2207 14.3 29 951 10.9

IRSD decile
1 (disadvantaged) 5626 36.5 24 820 9.1
2 2445 15.9 25 064 9.2
3 1846 12.0 25 477 9.3
4 1439 9.3 26 281 9.6
5 1194 7.8 26 484 9.7
6 932 6.1 27 340 10
7 716 4.7 27 842 10.2
8 585 3.8 29 413 10.7
9 394 2.6 30 049 11.0
10 (advantaged) 235 1.5 31 132 11.4

P for trend <0.001 <0.001
Hearing loss
Yes 631 4.1 2543 0.9
No 13 770 88.9 268 288 97.7
Don’t know or missing data 1089 7.0 3652 1.4

Hearing loss by IRSD decile
1 (disadvantaged) 349 56.2 244 9.6
2 84 13.5 249 9.8
3 47 7.6 253 10.0
4 50 8.1 288 11.4
5 18 2.9 252 9.9
6 21 3.4 259 10.2
7 24 3.9 246 9.7
8 13 2.1 264 10.4
9 9 1.5 246 9.7
10 (advantaged) 6 1.0 235 9.3

P for trend <0.001 0.651
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In order to explore the associations between outcomes and
SES and Indigenous background, the correlations between a
child’s residential SEIFA decile (range 1–10) and scores on two
domains of the AEDI (communication and general knowledge
and language and cognition; range 0–10) were examined for
each of the two groups: non-Indigenous (n= 274 483 children)
and Indigenous children (n= 15 490). This was amendable to
investigation with Spearman’s correlation statistics to determine
any associations between SEIFA deciles and outcome score.
This was chosen as it was robust to our skewed data.

Ethics approval

This study was approved by the Faculty of Health Sciences
Human Ethics Committee, La Trobe University, Victoria,
Australia.

Results

SES, Indigenous background and speech, language
and communication outcomes

The association between language and cognition domain score
(range 0–10), communication and general knowledge score
(range 0–10) and a child’s residential SEIFA decile (range 1–10)
was examined using correlation analysis and is shown in Table 2.

For both Indigenous and non-Indigenous children without
hearing loss, a statistically positive yet weak association was
found between language and cognition scores and residential
SEIFA decile. For both Indigenous and non-Indigenous children
without hearing loss, a statistically positive yet weak association
was also found between communication and general knowledge
scores and residential SEIFA decile.

Results followed a similar pattern for children with hearing
loss. For non-Indigenous children with hearing loss (n= 2531),
a positive weak correlation was found between communication
and general knowledge scores and SEIFA decile (Spearman’s
correlation r= 0.16, P < 0.0001). For Indigenous children with

hearing loss (n= 621) no correlation was found between
communication and general knowledge scores and SEIFA decile
(Spearman’s correlation r= 0.05, P = 0.21).

For Indigenous children with hearing loss (n= 617) a positive
weak correlation was found between language and cognition
scores and SEIFA decile (Spearman’s correlation r= 0.15,
P < 0.0001). For non-Indigenous children with hearing loss
(n= 2530) a positive weak correlation was found between
language and cognition scores and SEIFA decile (Spearman’s
correlation r= 0.19, P < 0.0001).

SES, Indigenous background and hearing loss prevalence

A hearing loss was indicated for 1.1% of the total cohort, a total
of 3143 children. For non-Indigenous children, a hearing loss
was indicated for 1%, 2543 children in total. For Indigenous
children, 4.3% (631 children) were indicated as having a hearing
loss at the time of survey completion (see Table 1).

The concentration curve in Fig. 1 shows a graphical construct
created by plotting cumulative relative frequency of hearing
loss in children (y) against the cumulative population ranked
by SES index of area of residence (x). Curves above the equity
line represent greater hearing loss by children in lower (more
disadvantaged) SES regions. Conversely, curves below the
equity line represent greater hearing loss by children in higher
(more advantaged) SES regions. As shown, the prevalence
of hearing loss appeared to be independent of SES for non-
Indigenous children, whereas the opposite was true for children
from an Indigenous background.

Gender- and age-adjusted relative odds of hearing loss by
SESandState are shown inTable3.After adjusting for gender and
age, the relative odds of hearing loss in the most disadvantaged
decile compared to the least disadvantaged were 2.7 (95%
confidence interval (CI): 2.3–3.1). Initially adjusting for gender
and age, the relative odds of hearing loss in Indigenous children
compared to non-Indigenous childrenwas 4.9 (95%CI: 4.5–5.3).

Table 2. Spearman’s correlations between socioeconomic status (SES) of area and speech, language and
communication outcomes

Results for two groups of children (non-Indigenous and Indigenous) are shown. The SES area values used for
analysis were the Index of Relative Socioeconomic Disadvantage deciles corresponding to the residential address
for each student. Spearman’s correlation coefficient (r) is provided with statistical significance at the 0.05 level

is indicated by asterisks

Spearman’s correlation
coefficient (r)

P-value

All children
Language and cognition score and SES
Non-Indigenous 0.16 P< 0.0001*
Indigenous 0.16 P< 0.0001

Communication and general knowledge score and SES
Non-Indigenous 0.17 P< 0.0001*
Indigenous 0.14 P< 0.0001*

Children with hearing loss
Language and cognition score and SES
Non-Indigenous 0.19 P< 0.0001*
Indigenous 0.15 P< 0.0001*

Communication and general knowledge score and SES
Non-Indigenous 0.16 P< 0.0001*
Indigenous 0.05 P= 0.21
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Secondly adjusting for two additional variables (State and SES),
the relative odds of hearing loss in the Indigenous children was
compared to the non-Indigenous children was 3.8 (95% CI:
3.4–4.2). This result provides evidence that Indigenous status
alone and not just location or SES variables were associated
with hearing loss.

Discussion

In the present study, for all children, with and without hearing
loss, better speech, language and communication outcomes
were positively correlated with higher SES (with the exception
of Indigenous children with hearing loss and the communication
and general knowledge domain). Although the association was
statistically weak, it was fairly consistent across group and
outcome domains. The prevalence of hearing loss in Indigenous
children (4.1%) was notably higher than in non-Indigenous
children (1%). SES was strongly associated with hearing loss in
Indigenous children with the majority of Indigenous children
with hearing loss also likely to be living in socially disadvantaged
areas. In contrast, for non-Indigenous children with hearing loss,
SES did not play a role in hearing loss prevalence.

Results of the current study provide further evidence of the
disparity between need for intervention and access to services for
children with hearing loss. Australia has an uneven distribution
of specialist services in metropolitan areas, with over six times
more specialists per capita residing in major cities than in remote
locations (RHWA 2007). Considering Indigenous Australians
are more likely to live in remote locations (Murray and Wronski
2006), this has particular ramifications on healthcare for this
population. Living in a remote area is strongly associated with

a poorer SES and overcrowding and poor housing is far more
common (AIHW 2014).

One infive Indigenous childrenhavebeen found towait longer
than the recommended 3-month interval to see an audiologist for
hearing testing, and one in eight Indigenous children wait longer
than the recommended time to see an ear, nose and throat surgeon
(Gunasekera et al. 2009). Services for speech or language
pathologists are similarly skewed towards major city centres
(McCormack and Verdon 2015). Hearing health for Indigenous
populations is thus influenced not only by SES, but also by
remoteness and the resulting greater distance from and limited
access to services.

A limitation of the current study is that additional data on the
children with hearing loss, such as severity of loss and age of
diagnosis, was not collated so the contribution of SES as opposed
to other disease-specific variables is not known. However,
considering SES also affected the outcomes for children with
no hearing loss suggests that it is a factor worth noting when
planning healthcare interventions. A second limitation of the
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Fig. 1. Equity concentration curve for hearing loss in two groups of
children: Indigenous and non-Indigenous. Curves above the equity line
represent greater prevalence of hearing loss in children in lower (more
disadvantaged) socioeconomic status regions. Conversely, curves below the
equity line represent greater hearing loss in children in higher (less
disadvantaged) socioeconomic status regions. IRSD, Index of Relative
Social Disadvantage.

Table 3. Hearing loss and relationships with Australian states and
territories

Basedondata for the 298 973 childrenwhoparticipated in the 2012Australian
Early Development Index (AECI). Regions examined included area deciles
ranked by the Index of Relative Socioeconomic Disadvantage (IRSD; ABS
2015) and state. Logistic regressions adjusted for age group and gender and
the odds ratio (OR) are shown for the outcome indicated. Statistical
significance at the 0.05 level is indicated by asterisks. State and IRSD decile
analyses were gender- and age-adjusted. Indigenous analyses were IRSD,

state, gender- and age-adjusted. CI, confidence interval

Regression variables Hearing loss
OR (95% CI)

Gender
Male 1.4 (1.3–1.5)*
Female 1A

Age (continuous variable)
Age (years) 1.4 (1.3–1.6)*

State
NSW 1A

VIC 1 (0.9–1.1)
QLD 1 (0.9–1.1)
WA 1.5 (1.3–1.6)*
SA 1.1 (0.9–1.3)
TAS 0.4 (0.3–0.6)*
ACT 1.3 (1.0–1.6)
NT 5.3 (4.4–6.3)*

IRSD decile
1 (disadvantaged) 2.7 (2.3–3.1)*
2 1.6 (1.4–1.9)*
3 1.4 (1.2–1.7)*
4 1.6 (1.4–1.9)*
5 1.3 (1.1–1.5)*
6 1.3 (1.1–1.5)*
7 1.2 (1.0–1.5)
8 1.2 (1.0–1.4)
9 1.1 (0.9–1.3)
10 (advantaged) 1A

Indigenous 1A

3.8 (3.4–4.2)*

AReference categories.
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current study is that the aetiology of the hearing loss is not
known. The much higher incidence of hearing loss found for
Indigenous children is assumed to be due to a well-documented
high prevalence of chronic suppurative otitis media for this
group (Jervis-Bardy et al. 2014), however further evidence
would be required to confirm this assumption. Depending on age,
prevalence of otitis media has been reported to vary from
between 10 and 30% in Australia’s Indigenous communities
(Jervis-Bardy et al. 2014). Indigenous children have also been
found to be more likely to acquire otitis media earlier and with
greater severity and duration than non-Indigenous children
(McCafferty et al. 1985). The finding that greater prevalence
of hearing loss in the current study was so strongly linked to
SES for Indigenous was also not surprising. Risk factors for
otitis media include factors commonly found in poorer areas,
such as overcrowding and substandard hygiene (Acuin 2007).

Brinkman et al. (2009) advises that a universal approach
to service provision, rather than targeting certain hot spots, is
still most likely the best approach to benefit the development
of all children in a population. Certainly, the complexities of
tackling ear health in communities with multifarious cultural
and historical variables cannot be understated. Nonetheless,
the AEDI dataset provides an additional and valuable tool for
revealing communities that are vulnerable. To the authors’
knowledge, the AEDI data have thus far not been used tomonitor
how teachers view hearing loss in school and how community-
based interventions may assist in combating hearing difficulties
at the school level. The measure has great potential for
tracking the developmental outcomes of children with hearing
loss longitudinally as well as implementing interventions and
assessing the usefulness of those interventions over time.

Conclusions

These findings provide further evidence at the population level
on the links between SES, Indigenous status and hearing loss.
For Indigenous children, SES was seen to be a large determinant
of the presence of hearing loss. For all children, regardless of
the presence of hearing loss, SES was correlated with speech,
language and communication outcomes. Location, Indigenous
background and SES are factors that need careful consideration
when designing appropriate services and interventions for
children with hearing loss.
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