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Abstract 

Objective: Recent literature has highlighted a link between hearing loss as a result of otitis 

media in the early years of life and impacted binaural processing skills in later childhood. Such 

findings are of particular relevance to Indigenous Australian children, who tend to experience 

otitis media earlier in life and for longer periods than their non-Indigenous counterparts. There 

is also growing interest in the effects of reduced auditory processing ability on a child’s early 

learning of language and, specifically, on phonological awareness that contributes to word 

reading skills. The aim of the present study was to determine the association between hearing 

thresholds, dichotic listening skills and phonological awareness in children with pervasive 

otitis media (OM) from remote Indigenous communities of Australia who generally do not 

speak English as a first language.  

Methods: Participants included one hundred and one children between the ages of 4.8 to 7.9 

years (mean 6.1 years) from three separate remote Northern Territory communities. 

Evaluations included otoscopy, air conduction PTA, and tympanometry. All children were also 

assessed on the Dichotic Digits difference test (DDdT) and the Foundations of Early Literacy 

Assessment (FELA), assessing children’s dichotic listening and phonological awareness 

respectively. 

Results: The results showed that 56% of the children had middle ear dysfunctions (type B and 

type C on tympanometry results) in at least one ear on the day. Partial correlation showed a 

significant correlation, between dichotic scores and FELA with age as covariate (r=0.45, p 

<0.001). One way ANOVA showed females exhibited a significantly higher performance 

compared to males on FELA [F(1, 99) = 5.47, p = 0.021]. The overall regression model was 

found to be significant in predicting total FELA scores [F(7, 77) = 7.56, p<.0005]. Age and 

gender as well as dichotic listening scores explain 40.7% of the variance.   
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Conclusions: The results reinforce the importance of managing the ear health of Indigenous 

children, clarifying the impact this has on listening and phonological awareness. These findings 

once again highlight the importance of evaluating children’s listening abilities, and the 

potential association to how poor listening can impact phonological awareness. The findings 

have important implications for ensuring optimal listening and learning conditions in schools 

in remote NT communities. 
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1. INTRODUCTION 

1.1 Background: Indigenous Australian Ear Health and Hearing  

The state of ear health amongst Australian Indigenous children has long been of concern 

[1]. Indigenous children are more likely to develop their first episode of otitis media (OM) 

earlier in life and continue to experience the burden of disease from OM for longer periods 

than non-Indigenous children [1-3]. OM is the inflammation or infection of the middle ear that 

may occur because of viral or bacterial infection [4, 5]. Whilst acute OM is ubiquitous within 

the general population, with most children experiencing an infection early in life, Indigenous 

children across the world continue to experience a much higher prevalence of OM subtypes 

throughout childhood [6, 7].  

The global prevalence of OM is reported to be highest in the Indigenous population of 

Australia [8], with children showing very high rates of OM with effusion (OME) (31-50%), 

followed by active chronic OM (10.5-30.3%) and acute OM (7.1-12.8%) [9]. The World Health 

Organisation (WHO) estimates  that 28% to 43% of Australian Indigenous children experience 

the most severe type of OM [10]. The most recent cost estimates relating to episodes of OM, 

including visits to the GP and medicine, total AUD $16 million for children younger than 5 

years alone [11]. These figures are potentially understated due to the higher cost of health-

service provision and access to health-services in remote areas [11].   

The high rates of OM in young Indigenous populations have been attributed to a range 

of factors, including limited access to primary healthcare, crowded housing conditions, social 

disadvantage, deficits in adequate nutrition, and inadequate sanitary conditions [7, 12, 13]. 

Many of these factors are experienced when living in remote locations, but also in rural and 

urban locations [14, 15]. These high rates of OM result in poor overall hearing abilities, leading 

to auditory processing deficits and potential difficulties in learning and pre-literacy skills. 
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Our pilot study [xx] reported on results from another remote indigenous community 

which found that dichotic listening was significantly correlated with phonological awareness. 

The goal of the present study was to see if these findings could be replicated in a new, larger 

cohort from several different remote communities in the Northern Territory. If so, this could 

have widespread implications for the audiological and educational practice. 

 

1.2 Impact of Otitis Media on Hearing  

OM, particularly with effusion, can affect hearing thresholds. The presence of fluid in 

the middle ear cavity, which is characteristically dry, can impede transmission of an acoustic 

signal from the outer ear to the cochlea. This in turn compromises the function of the tympanic 

membrane and ossicles [16]. Roberts et al. (2004) summarised previous findings reporting that 

two-thirds of children with persistent OME (with effusion) exhibited average hearing 

thresholds of 15dB HL or worse. In addition, approximately 25% of children with ongoing OM 

demonstrated average hearing thresholds greater-than 35dB HL. However, Gravel & Wallace 

(2000) found the average hearing thresholds of children aged up to 3 years who experienced 

frequent OM, were 5-10 dB HL worse over the first two years of life when compared to age-

matched children without ongoing OME  [17]. OM has also been found to result in mild to 

moderate hearing loss in 4-10-year-old Indigenous children living in metropolitan Perth [3]. 

OM is typically associated with fluctuating, temporary and often mild hearing loss. OM can 

also lead to persistent scarring of the tympanic membrane, with some reports of permanent 

hearing loss [16, 18, 19].  

1.3 Auditory Processing and the impact of OM  

There is growing evidence linking a history of temporary, fluctuating hearing loss due 

to OM to poorer ‘Auditory processing’ (AP) skills, and particularly to poor binaural processing 

[20-23]. The impact of OM on AP has not always been supported in literature, however [24]. 
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Moore et al (2003) found that plugging an ear in animals led to poor temporal resolution, but 

that 6-24 months after unplugging, temporal resolution recovered. The results therefore 

challenged the view that OM has long term consequences for AP. In contrast, Liberman, 

Liberman & Maison (2015), investigating the effects of chronic noise exposure in adult mice, 

found the expected increased cochlear synaptopathy, and due to decreased efferent stimulation, 

a loss of cochlear function. Unexpectedly, they also noted the degeneration of the cochlear-

nerve synapse in those where the tympanic membrane was unilaterally removed, highlighting 

the impact of conductive pathology on cochlear [25].  

In a similar way to the reduced neuronal feedback experienced by the group with the 

sectioned olivocochlear bundle, the lack of exposure to auditory stimulation resulted in a 

reduced density of olivocochlear terminals in the cochlea. Therefore, a loss of efferent feedback 

was the common cause of cochlear synaptopathy between cut olivocochlear bundle and 

removed tympanic membrane groups. This study provided evidence for the degeneration of 

cochlear and olivocochlear bundle structures, imperative for optimal employment of interaural 

cues (and therefore binaural processing) via conductive hearing loss [25]. A limitation of this 

study is the degree to which it emulates chronic conductive hearing losses in children. The 

mice underwent a complete, unilateral TM removal; representing a significant middle ear 

pathology, likely maximising the impedance of acoustic energy into the inner ear. Young 

humans on the other hand, rarely experience such permanent and extreme middle ear trauma. 

Most typically, children experience fluctuations in hearing thresholds due to middle ear fluid 

or perforation. This study also presents a highly-controlled set of parameters which may not 

accurately depict those which typically induce a conductive hearing loss and resultant auditory 

deficits in humans. The experimental outcomes, however, are valuable in that they reveal a 

likely pathophysiological pathway relating OM to poorer AP skills, specifically binaural 

processing.  
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More recently, AP skills such as binaural processing were assessed in children with a 

history of documented OM [23]. Children with at least 2 episodes of OM in first 4 years of 

their life were found to perform significantly worse on the binaural processing, as measured by 

the Listening in Spatialized Noise - Sentences (LiSN-S) task), than children with no history of 

OM. Fifteen children (18%) of the OM group performed at least 2 standard deviations below 

the group with no OM history. Curiously, no difference in scores was observed between groups 

for another binaural task, Masking Level Difference (MLD), though this had been found 

previously by Aithal et al. (2004) in a study of Australian Indigenous participants, and by others 

in international studies [26]. One suggestion accounting for this difference in MLD results 

maybe that, on average, the Graydon et al. (2017) study assessed the children’s AP skills at a 

much later point in time following their last episode of OM. It is possible that MLD scores 

recover gradually after conductive hearing loss resolution [27]. However, these studies vary in 

terms of method of AP assessment, data analysis, and sample size, and therefore the variation 

in results is not unexpected. In the current study, LiSN-S cannot be applied as it requires 

competency in English language. Instead another task, Dichotic Diotic difference test (DDdT) 

that includes only digits (one to ten) was used as a measure of auditory processing [28]. The 

test has been normed to children as young as 6 years of age [29]. 

1.4 Phonological Awareness  

Another key set of skills acquired and consolidated during the early years is 

phonological awareness (PA). PA encompasses a set of basic literacy skills imperative for early 

development of an individual’s reading and language ability. The term describes awareness of 

smaller segments of speech, such as syllables and phonemes. This awareness can be 

demonstrated through segmentation of whole words into smaller constituents, phoneme or 

syllable isolation, recognition of shared sounds between words, and the ability to blend these 

smaller constituents into larger ones [30]. A number of studies have demonstrated a correlation 
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between PA and word reading ability, showing that an early fine-tuned awareness of the smaller 

components of spoken words may improve an individual’s likelihood of future success with 

reading [31-33]. The individual skills which comprise PA are gradually built upon and refined 

during the early years of primary schooling. PA skills can be assessed to reflect the progression 

of a child’s literacy during the ‘transition’ phase of schooling (from pre-school to primary 

education).  

1.5 Context: measurement of PA within the NT schools 

In 2014, Indigenous education in the NT was reviewed and reported in the Wilson 

report [34]. Poor literacy outcomes were found for primary school students in the Territory. 

Following the recommendations of report, the Northern Territory Department of Education 

developed a phonological awareness assessment, the Foundations of Early Literacy 

Assessment NT (FELA NT) for the children in the NT. This assessment was designed to 

determine the level of phonological awareness in the first three years of schooling and was 

created using words and pictures from the local context. The current research used this PA 

assessment which is routinely administered in schools across the NT.  

1.6 The link between binaural processing and PA  

There is little evidence evaluating the relationship between AP skills, such as binaural 

processing, and PA outcomes. An association might be inferred from the consideration of 

studies which provide significant correlations between AP ability, especially binaural 

processing and reading skills [35], as PA is an early skill set developed prior to, yet linked with, 

the growth of complex literacy skills [36]. The benefit of measuring PA is that it provides an 

early indicator of a child’s overall progression towards reading, given that children in the early 

years of formal education may not yet have developed measurable reading skills per 

standardised tests. This concept would also apply to children for whom English is a second 

language, such as an Indigenous child learning English for the first time in an early primary 
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school setting1. Thus, understanding the link between early OM, dichotic listening and PA may 

be able to help illuminate the degree of difficulty a child might experience when acquiring and 

consolidating new language skills. Considering that Indigenous children in remote 

communities tend to speak an Indigenous language at home, and only begin to learn English at 

school, using English to learn how to read may be rendered even more complex in the context 

of underlying hearing and listening difficulties, especially in non-optimal listening conditions 

in the classroom. The aim of this study was therefore to better understand the relationship 

between hearing, auditory processing (by assessing dichotic listening) and PA as well as to 

provide evidence for the association between OM and poor dichotic listening skills in the 

context of remote NT Indigenous classroom learning. It was hypothesised that dichotic 

listening would be strongly associated to PA. It was hypothesised that poor auditory processing 

would be associated with poor performance on the PA assessment.   

 

2.0 METHOD  

2.1 Participants  

One-hundred and one school-aged children between 4.8 to 7.9 years of age from three 

remote communities in the NT participated in the study. The mean age was 6.08 years (SD= 

0.9); of these, 48 were male (47.5%) and 53 were female (52.4%). For males, their mean age 

was 6.1 (stdev ± 0.92) years and the mean ages for females was 6.0 (stdev ± 0.86) years. All 

children invited to participate in the study were speakers of their local communilect (different 

in each community) and were learning English as a second language at school. This study was 

approved by the Human Research Ethics Committee and Aboriginal Ethics Sub-Committee of 

 
1 In remote Indigenous communities in the NT children’s first language/s may be a traditional 

Indigenous language, a creole (known as Kriol) or a mixed language. English is not widely spoken in these 
communities.  
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the Menzies School of Health Research. Their parents consented to their participation, and the 

children gave their verbal assent on the day of testing.  

2.2 Test Procedures  

The testing was carried out within each community school. The entire test battery of 

hearing tests, and a phonological awareness test, were administered to each child on a single 

day. Noise levels within the rooms were monitored daily by the iPad application SoundLog® 

[37], (see Table 1).   

[Insert Table 1 here] 

2.2.1 Otoscopy: Each child underwent otoscopic examination using an industry-standard, 

illuminating otoscope. Otoscopy was conducted to examine any obvious abnormalities of the 

ear canal and tympanic membrane, such as: inflammation, redness, discoloration (e.g., dull 

appearance), obvious scarring, wax (occluding or non-occluding), retraction or perforation of 

the TM, or foreign objects in the ear canal. 

2.2.2 Tympanometry: The tympanometry classifications are based on those specified by Jerger 

(1970). Participants were instructed to sit quietly while the test was being performed. Ear canal 

volume, peak pressure, and static peak compliance were recorded for both ears. Normal middle 

ear function (a Type-A tympanogram) was classified as peak pressure between -100 to +100 

daPa and static peak compliance of 0.3 to 1.4 mmhos [38]. A Type-B tympanogram 

classification was applied when there was no appreciable change in compliance across the 

varying assessment pressures from -200 to +200 daPa (i.e., static peak compliance less-than 

0.2 mmhos, and lack of a clear, observable peak). This classification is indicative of middle ear 

pathology, such as fluid behind the TM (OME). A Type-C tympanogram classification was 

given when the middle ear peak compliance fell within the normal function range, but peak 

pressure was -100 daPa or lower, suggestive of potential middle ear dysfunction. A Type-Adeep 

(Ad) tympanogram classification was determined if static peak compliance was greater-than 
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1.4 mmhos. A Type-Ashallow (As) tympanogram classification was used if static peak 

compliance was less-than 0.25 mmhos with an observable peak present. Tympanometry results 

were recorded, and participants were assigned Type-A, -As, -B, or -C tympanograms [38]. 

Acoustic reflexes were attempted with all children (with type A tympanometry results in one 

or both ears), however only 4 children allowed the testing to be completed. Children either did 

not want the probe in the ear for too long, or the probe tone was deemed too long.   

2.2.3 Audiometry: Air-conducted hearing thresholds at 500 Hz, 1000 Hz, 2000 Hz and 4000 

Hz were assessed through Conditioned Play Audiometry (CPA). Children were conditioned to 

provide a play response. The response required placing a chip into a Connect 4 game grid. Once 

conditioned, pure-tone audiometry was performed using the Hughson-Westlake modified 

technique to determine the child’s air conduction thresholds in both ears at each frequency [39]. 

An Interacoustics® AD226 audiometer was used, with TDH39 headsets fit with Amplivox 

audiocups. Amplivox audiocups are designed for undertaking audiometry in the nonclinical 

setting to attenuate background noise. The audiometers and headsets were calibrated as 

recommended by ANSI/ASA S3.6-2010 prior to use. 

  The pure tone audiometry (PTA) was conducted within the school in the quietest room 

possible and break times were avoided. The average ambient noise ranged between 40 – 50 dB 

SPL as measured by a SoundLog® app (see Table 1). Additional biologic calibration was also 

carried out, employing three researchers with confirmed normal hearing sensitivity to acted as 

reference [40].  

2.2.4 Auditory Processing Test: Dichotic Digits difference Test  

This test was completed on a Toshiba Tecra R950 laptop computer with Sennheiser 

HD215 over-the-ear headphones integrated with a Phonak Soundcard adaptor. The Dichotic 

Diotic Digit difference Test (DDdT) sought to examine each participant’s binaural processing 
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skills [41]. A total of 25 trials were completed for each condition. Stimuli were presented via 

Sennheiser HD 215 headsets at a predetermined sound level for everyone, set binaurally by a 

word recognition test using spondee words (disyllabic words such as baseball or hotdog) to 

estimate individual threshold. The digit-stimuli presented at 40dB sensational level above the 

behavioural word recognition threshold level. 

Two of the standard four subtests of the DDdT were performed:   

Dichotic Free Recall: A set of two numbers were presented to the left ear (e.g. 3, 8) while two 

different numbers were presented simultaneously to the right ear (e.g. 1, 5). The first number 

of each pair (e.g. 3 & 1) were presented in an overlapping manner, as were the second numbers 

in each pair (e.g. 8 & 5) immediately after. The child was asked to repeat (in any order) all four 

numbers that were presented.  

The child was scored separately for correct recall for numbers presented to the left ear 

(free recall left ear [FR LE]) and those presented to the right ear (free recall right ear [FR RE]), 

as a percentage of all numbers presented to the respective ears. An overall Dichotic recall score 

was calculated as a percentage of numbers correctly recalled between both ears (free recall total 

[FR total]).   

Diotic: Two numbers (e.g. 3, 1) precisely overlapping in time were presented to both ears 

simultaneously. This was immediately followed by a second pair of numbers (e.g. 8, 5) 

overlapping in time being presented to both ears. The child then repeated back all four numbers 

in any order. The Diotic score was calculated as a percentage of numbers correctly recalled.  

2.2.5 Foundations of Early Literacy Assessment  

Phonological awareness was assessed using the Foundations of Early Literacy Assessment 

(FELA) (Northern Territory Department of Education, 2016). The FELA was administered 

individually to each child with the visual aid of a laptop computer and comprised the following 

five subtests.  Each subtest included practice examples:  
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1. Syllable Clapping: A word was provided, for example ‘sandwich’. The child was 

required to recognise the two syllables of ‘sand-wich’ and demonstrate a single clap 

simultaneously with each vocalised individual syllable.  

2. Syllable Isolation: The child was required to clap out the number of syllables for a word 

and then instructed to vocalise only one of the syllables. In the example of ‘sand-wich’, the 

child would be required to clap twice to represent each syllable but would only vocalise ‘-wich’ 

on the second clap.  

3. First Sound Identification: The child was presented with an image representing a word 

and the child was asked what it is. The child was then asked to identify the first sound 

(phoneme) of that word (e.g. /s/ for ‘sandwich’).  

4. Letter Name Identification: The child was presented with a letter and asked the name 

of that letter.  

5. Letter Sound Identification: The child was presented with a letter and asked to vocalise 

the phonemic representation of that letter.  

Each correct item was allocated one point and there are 8 items for each subtest. Subtest 

3 gives partial credit where the child responds with /pe/ rather than /p/ and is therefore scored 

out of 16.  Each child attempted subtests 1-5. Each of the subtests were scored separately, with 

score allocations according to the FELA scoresheet. A total FELA score out of 48 was accrued 

from the sum of the subtest scores.  

2.3 Data Analysis  

The primary research aim was to determine whether hearing or dichotic and/or diotic 

listening contributes to phonological awareness skills in children. To address this, correlations 

and multi-regression was undertaken using SPSS 25.  

 

3.0 RESULTS 
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3.01 Otoscopy: Audiological assessment was undertaken to evaluate the middle ear and hearing 

status of the children (i.e., 101 right and left ears). The otoscopy was not attempted in the 

discharging right ear of one child, and another child did not allow the otoscopy to be performed 

in the left ear due to visible discomfort. Clear ear canals and normal TMs were most commonly 

seen (59.4%), followed by observations of wax (10.0%) and dull-appearing TMs (13.9%) the 

remaining 15% included 1 ear with discharge in the right ear, fluid, and fungal infection.  

3.02 Tympanometry: Outcomes for assessing each child’s middle ear function (right, n=98 and 

left, n=97) via tympanometry are presented in Figure 1. Three children did not want to have 

the probe in the ears and therefore could not be tested for right or left ear. An additional one 

child was compliant only for the right ear. 

[Insert Figure 1 here] 

Just over 30.7% of ears tested were found to have normal middle ear function as 

represented by Type-A (static peak compliance: 0.25 - 1.6 mmhos, peak pressure: -100 to +100 

daPa). There were over 32.7% of ears determined to be Type-B, featuring static peak 

compliance of 0.20 mmhos or less, lacking any appreciable tympanometic peak. Type-C 

tympanograms were yielded for over 23.8% of ears, consistent with significant negative middle 

ear pressure (peak pressure < -100daPa). Type-As accounted for over 12.9% of tympanometry 

results and represent lower-than average static peak compliance (< 0.25 mmhos).  

3.03 Pure Tone Audiometry: The mean, range, and standard deviation of air-conducted hearing 

thresholds across the test frequencies were determined, and a 4-frequency average was 

calculated (see Figure 1). Thresholds were found on average to be highest (most elevated) at 

500Hz for both the left and right ears.  

The impact of middle ear status on hearing thresholds was of interest in evaluating the 

likely reduction in peripheral hearing ability, given the presence or absence of middle ear 
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pathology. Of the 202 total ears assessed in this study, 195 had information pertaining to both 

air-conducted hearing thresholds and tympanometry outcomes assessing middle ear status. 

Figure 1 plot shows the 4-frequency air-conduction thresholds grouped by tympanometry 

classification for the right ear. A comparison of mean, 4-frequency air-conducted threshold 

averages for each tympanometry classification group was conducted using one-way Analysis 

of Variance (ANOVA). Due to the uneven group sizes between tympanometry groups the 

heterogeneity of variance (Levene’s F statistic: p<0.01) was violated. Hence, Welch’s F test 

and Games-Howell post hoc test was utilised for means comparison. Using a significance level 

of 0.05, Welch’s test yielded a significant result for both ears- right ears showed [F(3, 38.14) 

= 8.69, p<0.0005] and left ears showed F(3, 40.41) = 8.43, p<0.0005]. Games-Howell post hoc 

test showed that the four-frequency average for both ears were significantly different between 

the Type A (normal compliance) and Type B (active middle ear disorder).  

[Insert Figure 1 here] 

3.04 DDdT: Of the 101 children included in this study, 90 completed DDdT testing in the 

dichotic condition and 88 in the diotic condition. Pearson correlation tests (2 tailed) between 

age and Dichotic results showed a significant correlation of moderate strength r = 0.39 

(p<0.0005) (see Figure 2). Age also significantly correlated with Diotic scores, r= 0.29 (p < 

0.003). Pearson correlation between dichotic and diotic scores was significant when age was 

included as a co-variate, r =0.52, (p <0.0005). 

[Insert Figure 2 here] 

3.05 FELA: All 101 children undertook the FELA to assess their PA. The mean scores for each 

subtest can be seen in table 2 for the different age groups with scores ranging from 1-8 for each 

section except First Sound Identification. Table 2 details the number of children who attempted 
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each subtest. Syllable clapping and First Sound Identification were the subtests most attempted 

tasks by most children.  

[Insert Table 2 here] 

Age and total FELA score showed a significant correlation of moderate strength r = 

0.31 (p=0.002) (Figure 3).  

[Insert Figure 3 here] 

3.1 Age, Gender, Hearing Levels, Binaural Listening and PA 

Partial correlation between dichotic scores and FELA with age as covariate showed a 

significant correlation, r=0.45, p <0.001, though the partial correlation was not significant 

between Diotic scores and FELA with r=0.20, p=0.07. When FELA scores were compared 

across the males (n=48, 17.79 ± 12.36) and females (n=53, 23.87 ± 13.63) using a one-way 

ANOVA, a significant difference was observed, with females showing significantly better 

FELA scores than males [F(1, 99) = 5.47, p = 0.021].  

A multiple regression analysis was conducted to evaluate whether a child’s total FELA 

score could be predicted from their age, gender, hearing thresholds and/or DDdT outcomes 

(Dichotic and/or Diotic scores). The overall regression model was found to be significant in 

predicting total FELA scores [F(7, 77) = 7.56, p<.0005] with a R2 of 0.407 (Figure 4). The 

regression model was further analysed hierarchically to observe the predictive capacity of each 

independent variable. With Age and Gender combined, tympanometry (middle ear status) and 

Dichotic scores were found to significantly predict total FELA scores, with R2 (change) values 

of 0.19, 0.063 and 0.16 respectively, while four-frequency average air-conduction thresholds 

and Diotic scores did not contribute significantly to the model.  
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4.0 DISCUSSION 

The aim of the current study was to evaluate the potential relationship between hearing 

levels, middle ear status, dichotic listening and PA skills. It was hypothesised that a relationship 

would be observed regarding frequently-reported OM (as reflected by middle ear status, which 

can contribute to fluctuating hearing loss), potentially leading to a dichotic listening deficit, 

and thereby impacting PA skills. The significant association between dichotic listening and PA 

results support the hypothesis. There is a possibility, however, that both dichotic listening and 

PA scores are influenced by other factors, such as memory or attention.  

4.1 Hearing Levels, Middle Ear Disorders and Dichotic listening  

Audiological results, including otoscopy, pure-tone audiometry and tympanometry, 

were examined to evaluate hearing and middle ear status. The otoscopy results showed that 

60% of right ears and 59% of left ears appeared to have visually normal ear canals while the 

remaining showed abnormalities of the ear canal and/or tympanic membrane (scarring, 

perforation, dullness), suggestive of a history of some middle ear dysfunction. This is 

consistent with a similar research in another community in the NT region [28]. 

The audiological results revealed levels of ear disease amongst the children in this study 

that were consistent with past literature reporting the high prevalence of OM amongst 

Indigenous children, and significantly worse ear health when compared to non-Indigenous 

populations [1, 8, 28, 42]. Morris et al. (2005) reported 91% of assessed Indigenous children 

ranging in age between six and thirty months presented with a subtype of OM. Based on the 

tympanometry results alone, the current study suggests that approximately 56% of children 

assessed presented with some form of middle ear dysfunction (e.g. Type-B or –C 

tympanometry) which is consistent with previously published work from another community 

[28]. The presence of a middle ear disorder cannot be confirmed in the current study due to the 

lack of a medical diagnostic assessment. However, a recent study reported 92% agreement for 
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the diagnosis of middle ear disorder between audiologist and otolaryngologist [43]. One 

consideration that must be kept in mind when interpreting these results is the fact that only air-

conduction thresholds were obtained. That bone conduction thresholds were not obtained 

makes it difficult to accurately discern the type of hearing loss in the participating children.  

The current study aimed to determine how a reported history of and/or presence of OM 

could impact dichotic listening and PA. However, as the history of OM was not available, the 

current study was only able to evaluate the presence of OM (as measured by tympanometry 

results), hearing thresholds and dichotic-diotic listening on the day of assessment. Given the 

well documented occurrence of OM episodes in children in the NT, and the large number of 

children in this study who presented with middle ear dysfunction, it is likely that most had been 

through one or more periods of poor middle ear health and had experienced some degree of 

conductive hearing loss. However, the lack of specific knowledge pertaining to each child’s 

history of conductive hearing loss should be considered when interpreting the present results.  

4.2 AP Outcomes, PA Outcomes and the Relationship to Ear Health and Hearing  

The DDdT was utilised in the current study to measure each child’s AP skills. 

Specifically, it examined dichotic and diotic listening – in other words the child’s ability to 

integrate stimuli presented to both ears. Both the dichotic (different numbers presented to each 

ear) and diotic (same numbers presented to both ears) scores varied greatly, with a mean of 

58.3% (range 0% - 68.8% (Dichotic), 0% - 91.3% (Diotic) for these L2 English-learning 6-

year-olds. These DDdT scores are consistent with our previous study in another community 

with a similar L2 English population (5-12 years). In another study, 7-9-year-olds with a 

reported history of OME also showed significantly lower scores on dichotic listening compared 

to those with no history of OME [44]. Even though those children were older and tested in their 

native language, the results are consistent with those of the current study. This suggests that 
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the association between the dichotic listening and PA is not limited to the age or language skills 

of the participants.  

Several factors are relevant in explaining the performance on dichotic scores. First, if 

there is an effect of long-standing OM on AP skills, this may have contributed to the scores 

achieved by the Indigenous children of the current study. Second, mild/slight hearing loss may 

have been missed in the present study due to assessments in a relatively quiet room rather than 

a sound-treated booth. Another potential issue likely to account for the DDdT scores obtained 

in the current study was the children’s language proficiency and ability to understand the task. 

As the majority of the children assessed possessed a first language other than English, it is 

possible that the language barrier hindered children’s task comprehension, despite the fact that 

88 of 101 children were able to complete both subtasks.  

4.3 Phonological Awareness: FELA 

The distribution of scores obtained for the FELA indicate a large range of PA abilities 

amongst the children in remote NT communities. The total FELA scores were not normally 

distributed, and children varied considerably in their final scores, indicating a wide range of 

PA abilities (scores of 2 to 48, mean score 21.0±13.3). It is highly likely that the assessment of 

PA was greatly affected by the children’s level of English proficiency.  

4.4 Hearing Level, Auditory Processing and Phonological Awareness 

A multiple regression analysis was run to assist in understanding which factors most 

accurately predicted PA outcomes in Indigenous Australian children in remote NT 

communities. The factors which best predicted the total FELA scores in the present study were 

age and gender, accounting for 18% of the total FELA score variance, followed by the dichotic 

listening. Thus, after controlling for age and gender, dichotic listening abilities still made a 

significant contribution to the FELA scores of the children in this study. The lack of significant 

contribution of diotic listening to FELA scores is an important finding, with the two subtasks 
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differing in their ability to tap into binaural processing. Both dichotic and diotic tasks include 

listening attentively to four numbers, but only the dichotic listening task involves combining 

the numbers heard from both ears, rather than just one. This task is not typically included in 

the test battery often used to examine children’s hearing abilities. 

The contribution of age to the total FELA score variance likely relates to the 

improvement of a child’s English language skills as they progress through the early school 

years. It was clear that many of the children, particularly those who were in the earlier years of 

schooling, found the FELA assessment difficult. The FELA is described as appropriate for 

assessing children’s PA from just prior to commencement of formal schooling and throughout 

the early years of primary school, however, it may be influenced by competency in English 

either as a first or an additional language. The contribution of gender to the model, which is 

not uncommon, was also noted and has been reported previously in literature, where girls have 

shown an advantage over boys in phonological awareness as well as early reading skills [45, 

46].  

The association between dichotic listening and phonological awareness has also been 

reported in children with listening difficulties [47, 48]. Other studies have reported poor 

dichotic listening in children with poor phonological awareness skills [49-53]. However, the 

association between dichotic listening and phonological awareness has been unclear [44, 54]. 

For example, despite finding that children with OM had lower performance than children 

without a history of OM on both dichotic listening and phonological awareness tasks, Majerus 

et al (2005) [44] reported no significant correlation between dichotic listening and phonological 

awareness. The current study is therefore important in showing a significant association 

between dichotic listening and phonological awareness in a large population of children with a 

mean age of 6 years, even with no documented history of OM.  

4.5 Influence of other factors on study outcomes  
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There are other factors that should be considered when interpreting the results of this 

study. Specifically, the presence of disorders of language and attention could influence a child’s 

performance on all these tasks. A receptive or expressive language disorder has the potential 

to negatively-impact a child’s ability to acquire phonological awareness and thus to perform 

the FELA. This is especially the case where English is the child’s second language. Similarly, 

the inability to maintain attention could diminish a child’s ability to perform optimally on both 

the DDdT and FELA.  

The ambient noise levels in the classrooms where the children were assessed could also 

have contributed to their poorer test results [55]. Noise levels were measured as an average 

across a range of time periods during which children were assessed, therefore the measurement 

may not reflect any short periods of increased noise, such as when multiple children were in 

the testing room at once and were talking with one another. The levels of noise could have 

reduced children’s ability to focus on the task at hand. Previous studies have shown that 

younger children experience greater difficulty in performing listening tasks in the presence of 

noise when compared to teenagers [56], with younger children less able to ignore irrelevant 

sounds, thus leading to poorer performance. Whilst it can be difficult to control for noise in 

classrooms, especially from sources such as air-conditioning or fans required in warm climates 

such as that found in the NT, it is important to consider the effect this may have on children’s 

ability to concentrate, an issue that is also relevant for effective listening and learning.  

 

5.0 CONCLUSIONS  

The current study highlights the fact that poor auditory processing (dichotic listening) is 

strongly associated with poor phonological awareness skills. This suggests that the effects of 

early OM and related hearing loss persist amongst young Indigenous children residing in 

remote communities and have critical implications for later literacy and educational 
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outcomes. Future research is needed to understand the relationship between documented 

middle ear history and the impact of attentional abilities on the phonological awareness skills 

so crucial to literacy development, particularly for Indigenous children in remote NT 

communities. 
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