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Abstract

Older adults with sensorineural hearing loss hgreater difficulty understanding speech
than younger adults with equivalent hearing (G&tédills, 2005). This increased difficulty
may be related to the influence of peripheral, @ ruditory processing or cognitive deficits
and although this has been extensively debaterktagve contribution to speech
understanding is equivocal (Working Group on Spddéetierstanding and Aging, 1988).
Furthermore, changes to the speech mechanismdbat as a result of age lead to natural
degradations of signal quality. Studies involvirearing impaired listeners have not
examined the influence of such naturally degragessh signals. The purpose of this study
was to determine: (1) whether older hearing imghlisteners demonstrate differences in
speech understanding ability or perceived effolisténing on the basis of the age of the
speaker and the predictability of the stimulus, @&)dvhether any individual differences in
speech understanding were related to central aygitocessing ability. The participants
included nineteen native speakers of New Zealargliginranging in age from 60 to 87 years
(mean = 71.4 years) with age-related sensorinéaiing loss. Each participant underwent
a full audiological assessment, three measuresrdfal auditory processing (the Dichotic
Digits Test, the Random Gap Detection Test andsthggered Spondaic Words Test), and
completed a computer-based listening experimertagung phrases of high and low
predictability spoken by two groups: (1) young ll(l8 — 30 years) and (2) older adults (70
years and above). Participants were requiredpeatestimulus phrases as heard, with the
researcher entering orthographic transcriptiorns tiné custom-designed computer
programme. An Analysis of Covariance (ANCOVA) wesed to determine if significant
differences existed in percentage words correaescas a factor of speaker group (young
versus older speakers) and stimulus predictalghitgh predictability versus low

predictability phrases), with level of presentat{dB) as a covariate. Results demonstrated



that although there were no significant differenicegercentage words correct with regards to
speaker group as expected, lower scores were a&chferlow predictability phrases. In
addition, increased listener effort was requireeémhstening to the speech from the older
adult group and during the low predictability pteasndition. Positive correlations were
found between word understanding scores and tédistwtic separation, which suggests
that central auditory processing deficits contribiat the speech understanding difficulties of
older adults. The implications of these findingsdudiological assessment and rehabilitation

are explored.



Chapter 1. Introduction

1.1 Thesis Overview

The process of communication begins from the dayame born, and although it is
automatic for most, it involves a complex skill betyond simply speaking and listening. For
example, the process of hearing requires not oggation of an acoustic signal but also
higher cognitive processing that involves the radtgn and meaningful interpretation of
sound. Communication continues to be fundamehtalghout the lifespan, and as a large
number of adults develop hearing loss as theythge,ability to communicate is affected.

Presbycusis is a term that refers to the permdrearing loss that may occur as a result of
ageing. The degree of presbycusis can vary frola tmisignificant impairment (Arlinger,
1991) and it most commonly results in a slopinghtfirgquency sensorineural hearing loss
(SNHL). This causes decreased audibility for featgies which include sounds that are
important for speech understanding (Willot, Chisdrhister, 2001). However, research has
shown that older adults have relatively more difig¢ understanding speech than younger
listeners with equivalent hearing loss, particyiaml listening conditions that are not ideal,
such as background noise or reverberation (Gatekll&, 2005; Gordon-Salant, 2005;
Schum, Matthews & Lee, 1991). Research has suggyésat although reduced audibility is a
factor, some proportion of the speech understandiifigulties reflect changes within the
central auditory system (Gates, Feeney & Mills,@08r a general decline in cognitive
function (Gordon-Salant & Fitzgibbons, 1997) thatynoccur with increasing age. However,
determining the extent of the contribution of peemal, central auditory and cognitive factors
has been problematic (Humes, 2008).

Research on the speech understanding difficulfiedder adults with hearing loss has

focused on laboratory-based experiments in whiehattoustic signal has been degraded



using techniques such as time compression or rexagion. It is therefore important to relate
the speech understanding difficulties of older esdioack to “real world” situations and
consider the communicative situations in which plfdults are likely to find themselves. It
is likely that the primary communicative partnef®ler adults are also older adults.
Research into age-related changes in the speedimism have shown that there are a
number of perceptual and acoustic features of $piwat deteriorate with age, resulting in
natural degradations to the acoustic signal (BauBo&ner, 1983; Ferrand, 2002; Xue &
Hao, 2003). It is possible that this may causerosiult listeners to have increased difficulty
understanding such speakers in comparison to yowspgakers with normal speech. In
addition, listener-related aspects such as listefiert and intelligibility for hearing impaired
older adults have not received significant reseattdmtion.

Further knowledge of the factors influencing theesgh understanding difficulties
experienced by older adults with hearing loss &ilhance the assessment and treatment of
such individuals. Assessment of this populationticoies to focus on pure tone audiometry,
but more ecological assessments, including thaseethaluate central auditory function, may
provide relevant information on the extent of thenmunication difficulties experienced by
the individual. Furthermore, the limited benefiat some individuals report from hearing
aids (Kochkin, 2003) may be due to the combineliénfce of speaker, central auditory and

cognitive factors.

1.2  Literature Review

This section begins with a discussion regardingptiegalence, characteristics and impact
of age-related hearing loss, including a reviewhefproposed causes of the speech
understanding difficulties experienced by the olaldult population. Following this, the

discussion focuses on the effects of reduced spa&akdigibility and potential implications



on the speech understanding abilities of oldertaduith hearing loss.

1.2.1 Prevalence of Hearing Loss in Older Adults

Hearing impairment is the third most chronic comditwithin the ageing population,
following arthritis and hypertension (Weinstein02). Although hearing loss in older adults
is well documented in large scale studies, thezevarying reports on the prevalence of
hearing loss within this population. This is camieg as accurate indications of the
prevalence of hearing loss would provide infornratidal for the planning of adequate
rehabilitation services, such as the distributibhearing aids (Sindhusake et al., 2001).

Wilson et al. (1999) reviewed the pure-tone avesdge., hearing thresholds at 500,
1,000, 2,000 and 4,000 Hz) of 9,027 Australianipgdnts using surveys and audiological
testing. It was reported that the prevalence odenate hearing loss (45 dB or greater) rose
from 2% in the 51 to 60 years group to 2.5% inGheo 70 group, to 21.4% in the 70 years
and above group. In contrast, Cruickshanks €1.8P8) reported much higher prevalence
findings. In a sample of 3,753 adults aged betwkseand 92 years it was reported that
45.9% exhibited hearing loss. Of those with hepliss, 30.6% were classified as
moderately impaired, defined as having a pure smeeage (PTA) of between 40 and 60 dB.
Overall, these studies indicate that hearing Iffesi@ a significant portion of population,
particularly as age increases, and it therefordhmapotential to affect quality of life of older
adults.

The differing reports on the prevalence of heatusg are likely due, in part, to the lack
of standardised criteria for identifying hearingdo For example, Cruickshanks et al. (1998)
used a criterion of 40 to 60 dB to identify a m@derhearing impairment, whereas Wilson et
al. (1999) used 45 to 65 dB. This issue is altersteon review of studies which report

differing prevalence figures based on samples fiteemsame cohort. Using the Framingham



Heart Study Cohort (which initially involved 6,0participants) as a reference, Moscicki,
Elkins, Baum and McNamara (1985) undertook audiokddests on 2,293 individuals aged
between 58 and 88 years. Pure tone audiometrysesto establish the presence of hearing
loss among this group, with a definition of heariogs being a threshold greater than 20 dB
HL at any frequency in any ear. Based on theseriaj the overall prevalence of hearing loss
among this population was 83%. In contrast, G&esper, Kannel and Miller (1990), using
the same cohort but with a sample of 1,662 pa#ditipand a definition of a PTA of more
than 26 dB HL in the better ear, reported a sigaiitly lower prevalence of only 29%.

A second explanation for the varying prevalencerespamong older adults may be
related to a lack of participation in such studi&sis was illustrated by Parving, Biering-
Sorensen, Bech, Christensen and Sotrensen (198&tudy of hearing loss in individuals
aged 80 years and above from a total populatidhaif5 within a target geographical
location. Those who had previously been providét & hearing aid were selected for the
study f = 859). A further 565 individuals without heariaigls were invited to participate, on
the basis of being matched with regards to theaagegender distribution of the general
population. However, of the second group, only 2@flviduals accepted the invitation to
participate, which represents 8% of the total pgodint pool. The most common reasons
given for not participating included no perceivezhihing problems, individuals felt they were
too old or had other conditions that would affdit participation, and an unspecified refusal
to participate. The estimated prevalence of hgdass for those aged 80 years and above
was between 33 and 66%; however, the wide rangettrdsuted to insufficient data

collection.

1.2.2 Presbycusis

The gradual decrease in hearing ability that fretjyeccurs with increased age is termed



presbycusis. The most common characteristic afiqy@usis is decreased hearing sensitivity
in both ears, with the typical pattern being a sigghigh frequency sensorineural loss, which
includes sounds that are most vital for speechgptian and understanding (Willott et al.,
2001). The degree to which an individual is a#eldby presbycusis can vary from a mild to a
significant impairment (Arlinger, 1991). It hasdmesuggested that the definition of
presbycusis should cover all potential causes afihg loss as a result of age that cannot be
attributed to specified pathology, trauma or genetindition; including deficits within both

the peripheral and central auditory system (Gates,€1990; Willott, 1991). Therefore,
presbycusis not only affects an individual’s apitib detect sounds but there are other effects
which will be subsequently discussed, such as #imlity to understand speech. The
Working Group on Speech Understanding and Agin@8) @stablished that there is an
interaction of three distinct processes of phygjmal deterioration that result in the hearing
loss that is categorised as presbycusis. Fird#igrioration can result from the general
decline of function that occurs within the peripddeand central nervous systems, which leads
to disruption within the auditory system. Secondiye hearing loss may be due to the
combined effect of inherent factors (or the efferftsvear and tear’) and extrinsic factors
(such as those related to trauma). Thirdly, theges vulnerability to certain diseases can
also have a role in the deterioration of hearing.

It has also been found that auditory ageing ishootogeneous throughout the auditory
system. Age-related changes in central auditorggmsing abilities tend to occur more
quickly than changes within the peripheral heanmezhanisms. Gates et al. (2008) examined
the rate of age-related changes in both the peapbhad central parts of the auditory systems
of 241 individuals aged 65 years and over. A caispa of results was made from
peripheral tests, tests of central auditory prangsand electrophysiological tests of the

eighth nerve and central auditory pathway functigniCentral auditory processing was



observed to be the area in which decline is greates and above changes in pure-tone
threshold sensitivity. The tests of outer hait figiction and central auditory pathway

functioning reduced the least, showing the smadlgsteffects (Gates et al., 2008).

1.2.3 Speech Understanding Difficulties of OldeAdults with Hearing Loss

The term ‘speech understanding’ has been usdtihtérature to describe the listener’s
ability to perceive the speech signal, whetherughodiscrimination, identification,
recognition or comprehension (Humes, 1996). Theced ability to understand speech has
perhaps the greatest effect on overall communicatinterestingly the extent of the speech
understanding difficulties experienced by an oiddividual may not correlate with
expectations based on the audiogram alone (Coofieaté&s, 1991; Gates & Mills, 2005;
Stach, Spretjak & Jerger, 1990). Certainly, thet fhat many older adults experience a
hearing loss explains some of the deficit obsemexpeech understanding. However, these
difficulties sometimes occur in the presence ofimgathresholds that are close to normal.
This is due, in part, to the fact that pure tondi@metry involves monaural detection of
simple tones in a quiet environment. This techaigunot reflective of the complex speech
signal or factors present in “real-world” listeniognditions such as background noise or
reverberant environments. However, it has beepgs®d that a more complex interaction of
both peripheral and central auditory deficits magtdbute to the increased difficulty in
speech understanding experienced by older ad8fiecifically, the findings of Gates et al.
(2008) indicate that central auditory processinicds may play a significant role.

The Working Group on Speech Understanding and A¢ifg8) reviewed the literature
on hearing in older adults and discussed threethgges that could explain the individual
differences in speech understanding ability notetth lslinically and in research studies.

These are: 1) the peripheral hypothesis, 2) thealeauditory hypothesis, and 3) the



cognitive hypothesis. There is, however, conftigtevidence regarding which factor, or
combination of factors, has the biggest impactmeesh understanding. Each of these

hypotheses will therefore be considered in turn.

1.2.3.1 Peripheral Hypothesis

The peripheral hypothesis poses that the speedarstadding difficulties experienced
with ageing are primarily associated with age-eglathanges within the auditory periphery
which affect the detection of sound, particulanythe high frequencies (Humes, 1996). The
major contributor is the decreased hearing seiityitivat is characteristic of presbycusis
(Willot et al., 2001). However other charactedsthave also been reported, such as the
filtering provided by the listener’s loss of sensiy which results in decreased spectral and
temporal resolution (Humes, 1996).

Numerous studies have provided support for thepperal hypothesis of age-related
decline in speech perception. For example, Humdsaberts (1990) investigated the
effects of reduced audibility on monaural and brahapeech recognition in older adults
using three groups; young adult normal hearingrists § = 13), older adult hearing
impaired listenersn(= 13), and young adult normal hearing listeneith &isimulated hearing
loss (i.e., matched to the older adult hearing ingglagroup through the use of spectrally
shaped masking noise) € 10). Speech recognition was measured across listening
conditions: reverberation, background noise andoed reverberation and background
noise. Results of the study revealed that therdidaring impaired group demonstrated
reduced speech recognition scores in comparistretpoung normal hearing group across
all conditions. However, similar speech recogmitscores were demonstrated by the older
hearing impaired group and the young ‘masked’ grolip the use of masking noise imitated

the effect of an SNHL, the results suggest thatthgr factor contributing to poor speech



recognition in the older adult listeners was eleddiearing thresholds; providing support for
the peripheral hypothesis. While this was the c28% of the individual variance in speech
recognition scores could not be attributed to spp@ecognition scores alone (Humes &
Roberts, 1990).

Therefore, a follow-up study aimed to account far temaining individual variance by
examining the affect of hearing loss and ageingmeech identification and auditory
processing tasks (Humes & Christopherson, 199ajtidipants included the three age groups
as in the previous study, however the older heanmaired group was further divided into
‘young old’ adults (aged 65 to 75 years) and ‘di edults (aged 76 to 86 years). Tasks
included nonsense syllable identification in thceaditions; quiet, band-pass filtered and
reverberated. Auditory processing ability was exemh using the Test of Basic Auditory
Capabilities (TBAC). As in the previous study, Bse revealed that the major predictor of
speech identification performance was SNHL; suppgiihe peripheral hypothesis.

However, both older groups demonstrated increaagednce and poorer performance in all
components of the TBAC than the younger groupd) thiése deficits most prominent in the
‘old old’ group. This finding indicated that ceatiauditory abilities may in fact decrease as a
function of increasing age, regardless of hearamggivity (Humes & Christopherson, 1991).

Support for the peripheral hypothesis has also bb&iined from studies involving
increased emphasis on non-auditory factors. Jelgeger and Pirozzolo (1991) examined
the relationships between age, pure tone hearneghblds, performance on speech
audiometry, and performance on neuropsychologieasures in 200 participants aged from
50 to 91 years. The results indicated that theesegf hearing loss affected scores on all five
speech audiometric measures, and therefore haddkesignificant effect on the speech
understanding ability of older adults. Cognititatas was also found to have a significant,

albeit smaller, effect as it affected performanceawo of the five speech measures. Similar



findings were observed by van Rooij, Plomp and lzke (1989) following an extensive
examination (including tests of audition, speecit@gtion and cognitive tests) of 24 young
normal hearing listeners (aged 18 to 28 years)dnolder adult listeners (aged 61 to 85
years). The findings revealed that 69% of theararé in performance on speech perception
tests in the older adult group was accounted fahbydegree of hearing loss, particularly in
the higher frequencies. Although the older groigbekhibit reduced memory capacity and a
general slowing of processing speed, these fadidrsot account for the remaining variance,
providing further support for the peripheral hypegls. Similar results were found in a larger
scale study of 72 older adult listeners (aged 6@Btgears) which was based on a similar test
battery and procedure (van Rooij & Plomp, 1990).

The above brief review of studies has shown thexietis evidence to suggest that
peripheral auditory factors are the primary contid to the speech understanding difficulties
observed in older adults. Clinically, these firgirwould imply that simply restoring
audibility via hearing aids would result in a sigrant improvement in speech understanding
ability. While this is the case for many, it istrdways so. It appears that in some cases,
central auditory processing and cognitive abilitiegy also affect the speech understanding
ability of older adults. A short overview of thigetature in this field will be presented in the

following sections.

1.2.3.2 Central-Auditory Hypothesis

Understanding speech is a complex process whiahresgthe interaction of many central
auditory processes in order to detect the acosgji@al, locate the source of the sound,
recognise phonemes and how they are put togeth@toahen extract the meaning. The
central-auditory hypothesis poses that the diffiealolder adults encounter with speech

understanding are primarily related to changebeestructural or functional, within the
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auditory pathway or the auditory areas within togex (Humes, 1996). These pathways are
thought to be responsible for behavioural phenonseich as auditory discrimination,
auditory pattern recognition, performance with @elgd signals, auditory closure, aspects
relating to temporal processing, binaural integraind separation, and sound localisation
(American Speech and Hearing Association [ASHADZ0

Although there is no universally accepted defimitad what constitutes a central auditory
processing disorder (CAPD), it has been proposaiitiie term describes deficits within the
auditory modality that are not a result of dysfumeiof other modalities such as cognition,
higher order language, or other associated fa¢&k88lA, 2005). At this higher level, speech
understanding is dependent on the interaction oftjgues of processes; “bottom-up” and
“top-down” processes. Bottom-up processing starthe level of the cochlea and is based on
the aspects of the incoming speech signal. Topadmwcessing is influenced by general
cognitive functioning and relates to the use ofesidknowledge (such as knowledge of
lexical, semantic and grammatical rules) to extraeaining from the signal (Goldstein, 2007).
At this level of the brain, speech perception soahfluenced by other sensory modalities,
such as memory, learning and attention (Britishi@gof Audiology Auditory Processing
Disorder Steering Committee [BSA], 2007). Preslsi&may also affect these central
auditory processes, as the auditory system attetmgtsmpensate for the reduction in
peripheral hearing sensitivity. Common symptomsesftral auditory difficulties include poor
recognition, discrimination, localisation, sepavator ordering of non-speech signals as well
as speech sounds (BSA, 2007). In particular,aliffies occur in any situation in which the
listening situation is not optimal, such as in pnesence of background noise, reverberation
or competing speech (Keith, 1999). Individualsm@APD usually have normal hearing;
however, processing issues can be exacerbatedeaslaof presbycusis, which could

partially explain the difficulties in speech undargding experienced by older adults.
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Overall, the prevalence of CAPD in the older popafaappears to be strongly linked
with increasing age. Stach et al. (1990) conduatestrospective analysis of 700 patients
aged 50 years and above to study age-related changentral auditory processing, which
they termed ‘central presbyacusis’. In additioman-clinical’ sampleif = 138) was taken
from a group of research volunteers who were neXipusly identified as hearing impaired.
In both groups, results on speech audiometry textasneasures of central auditory
processing (for example, the Synthetic Sentenodtifdmtion test (SSI) and the PAL PB-50
Word Lists) were used to determine the prevalemoeitral presbyacusis. It was reported
that speech understanding ability worsened withemging age, as did peripheral hearing loss.
Results from the non-clinical group were thoughptovide a more representative estimate of
central presbyacusis within the general populatisrthese participants had not actively
sought hearing assessment. The prevalence of GARID this group increased with age,
from 0% in the youngest age group (50 to 54 ye&wsj2% in the oldest group (80 years and
above) (Stach et al., 1990). In contrast, Coopdr@ates (1991) reported a lower prevalence
of CAPD in their examination of 1,026 of participsuaged 64 to 93 years, recruited from the
Framingham Heart Study cohort. The study showatl2B.6% of the subjects met the
criteria on any one test, suggesting that the peeca of CAPD in older adults is lower than
previously thought. These studies highlight theaklity in terms of reported prevalence of
central auditory problems in older adults, whiclsgbly reflects problems within the
assessment process such as inconsistencies intdrac

Given the link between CAPD and increasing age, iinportant to examine the relative
contribution of peripheral hearing sensitivity asehtral auditory processing ability to the
speech understanding difficulties experienced bgmohdults. This was carried out by Jerger,
Jerger, Oliver and Pirozzolo (1989) in a study lavw 130 participants aged from 51 to 91

years. The test battery included peripheral hgaasts, measures of central auditory
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processing that were designed to limit the effe€®udibility (for example, the SSI, the PB-
SSi criterion, the Speech Perception In Noisededtthe Dichotic Sentence Identification
test) and a number of neuropsychological test$) asdhe Minnesota Multiphasic Personality
Inventory and the Weschler Adult Intelligence ScalRevised (WAIS-R). Participants were
identified as having CAPD if they scored below wmgtoffs on any of the above speech
measures. Fifty percent of participants met thiegon. Participants were subsequently
divided into two subgroups matched for age, geaddrhearing loss; one group with normal
cognitive status and one group with abnormal cognitatus in order to observe any
interaction between the two. They found that trespnce of CAPD does not assume
cognitive deficits, as they can occur independenttlihey can coexist. On this basis, the
authors suggested that it is the deficits in cémtnditory functioning rather than peripheral
hearing loss or cognitive factors that accounthierdifficulties in speech understanding
experienced by older adults (Jerger et al., 1989).

Studies involving demanding listening situationséialso demonstrated the significant
contribution of auditory processing deficits to sgle understanding difficulties. For
example, Gordon-Salant and Fitzgibbons (1993) im&gredictability stimuli in four
conditions (undistorted, time compressed, inteed@nd reverberated) across four levels of
distortion to assess the temporal processing skij®ung normal hearing adults, older
normal hearing adults (65 to 76 years), young aduith mild to moderate sloping hearing
loss and older adults with similar hearing lossgssts of gap duration and gap detection
were also completed. No age effect was appardetims of speech recognition in
undistorted conditions. However, there were sigaift effects of age and hearing loss when
the signal was time compressed, reverberated enritted. It was also noted that as age
increased, gap discrimination thresholds increa3édgk authors concluded that temporal

processing deficits are observed in the ageing latipn, resulting in reduced speech
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perception scores (Gordon-Salant & Fitzgibbons3).9%imilar findings were reported in a
longitudinal study (over five years) of 29 oldeutid which assessed pure-tone thresholds,
word recognition in quiet, and speech understantiiriggraded conditions (such as babble
noise and reverberation). Hearing thresholds aszd on average by 3.33 dB over the five
year period, and there was a significant decreaperiformance on all measures, which was
consistent with the audiometric findings. Therefawith regards to communicative abilities,
the main effect of the hearing loss was a declirtheé ability to understand speech,
particularly when the signal is degraded in thespnee of background noise or reverberation
(Divenyi, Stark and Haupt, 2005).

It remains unclear how much of the speech undetsigrdifficulty experienced by older
adults is due to deficits in auditory processingich is in part due to the contention
regarding the definition of CAPD. Researchers hatilssed different test batteries, and even
those who have used the same tests may have utdrdipass/fail criteria for
identification, which has lead to variation in tb&timates of prevalence of CAPD in the older
adult population (Humes, 1996). Test interpretatgochallenging due to difficulty separating
the relative influence of peripheral hearing sevisjtand the influence of other cognitive
modalities (Humes, 2008). Due to this difficultiyere is a large body of research devoted to
determining the relative contributions of age-rethtognitive decline with regards to the

speech understanding difficulties in older adwiisich will be discussed below.

1.2.3.3 Cognitive Hypothesis

The cognitive hypothesis poses that the speechrstanieing difficulties experienced by
older adults may be influenced by a decline ingéeeral cognitive processes within the
cortex that are responsible for sensory modalitesr than audition (Humes, 1996).

Processes central to speech perception includeingonkemory and attention (BSA, 2007)
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which may also decline with age. In addition, meging speed has been a topic of research
investigation, with a slowing of neural conductmserved in some older adults with hearing
loss (Tremblay, Piskosz & Souza, 2003). Althotlghliterature suggests that cognitive
decline plays a part in the diminished speech peiae abilities of older adults, they do not
appear to be the primary influence. For examperaviously mentioned, van Rooij et al.
(1989, 1990) determined that cognitive factors sasheduced working memory and slowing
of processing speed were found to account for safrtiee variance in speech perception,
albeit to a lesser extent than peripheral factors.

The influence of cognitive factors appears moreljiko account for differences observed
in speech perception in more challenging listesigations. Studies involving dichotic
listening tasks have shown increased cognitivecteffim ageing individuals as the demands of
the listening situation increase. Hallgren, Lardbgkell and Arlinger (2001) examined such
age effects on central auditory abilities (in pautar dichotic listening) and cognitive function
(working memory capacity, phonological processingd gerbal information processing
speed) in 15 ‘younger’ (aged 42 to 66 years) antiter’ (aged 67 to 84 years) adults with
hearing loss. The older group performed signifilyanvorse on all dichotic listening tasks
and on cognitive tests (particularly working memangd processing speed); suggesting an age
effect. Variations in peripheral function canngplkain the full extent of the variation seen
between the age groups; therefore supporting theittee hypothesis. Gordon-Salant and
Fitzgibbons (1997) altered the demands of theristgsituation by comparing performance
on both high predictability and low predictabilpyrase recall tasks, in order to determine
whether older adult listeners’ speech understandig most affected by limitations in
working memory, peripheral hearing sensitivity pesch rate. Participants included four
groups; young adult normal hearing listeners, o&tkit normal hearing listeners, young

adult hearing impaired listeners, and older aded#rimg impaired listeners. Phrases were
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presented using varied inter-word intervals anddéand on working memory was altered
by the response task, which involved either finatdwepetition or phrase repetition. The
older adult groups performed more poorly than txeng groups on low predictability
phrases and also on the response task involvingimgpmemory, which suggests that the
speech understanding difficulties experienced byesolder adults may be influenced by age-
related memory decline.

One of the major challenges when researching flieetsfof cognitive decline is to isolate
non-auditory factors from peripheral factors. Hen{@002) attempted to overcome this issue
in a study which involved fitting participants witthentical hearing aids; therefore restoring
the frequencies of the speech spectrum and redtloengffects of audibility. Both aided and
unaided speech recognition scores were measugeddmple of 71 older adults (aged 60 to
89 years). In addition, measures of cognitive fiomc(WAIS-R) and auditory processing
(TBAC and three measures from the Veterans Adnmmatisn Compact Disc for Auditory
Perceptual Assessment) were completed. Resulgeshsignificant variance in scores, to
which the principal contributor was speech audipitheasures. However, variance was also
explained by correlations with age-related non-ael) and non-age related verbal 1Q
measures, which suggests that age-related cogdigielene may also influence speech
understanding. These results were supported byedand Floyd (2005), which involved
participants of a similar age, and utilised the saests of auditory processing and cognitive
function. Results indicated that although speechkdlity appeared to have the predominant
influence on speech understanding, cognitive fonatig and age had more influence than
audibility on individual differences in performance the majority of auditory processing
measures. However, there was some variance itoayg@rocessing that could not be
attributed to any of the variables explored inghealy, illustrating the difficulty researchers

have isolating the contribution of peripheral, cahauditory and cognitive deficits to speech
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understanding.

In summary, the literature suggests that peripheeaitral auditory and cognitive factors
may all contribute to some extent to the speeclerstanding difficulties experienced by
older adults with hearing loss. However, a conggris yet to be reached regarding the
relative contributions of each component, as tfeces interact and are therefore challenging

to isolate.

1.2.4 Considerations Regarding Assessment and Spe&timuli

It is important to consider the different typesspgech stimuli employed when comparing
studies that assess speech understanding. Fopkxatudies cited in the preceding review
used a range of tasks such as phoneme and spoerdeptpon (van Rooij et al., 1989; van
Rooij & Plomp, 1990), closed set nonsense syllat#atification tasks (Humes &
Christopherson, 1991; Humes & Roberts, 1990), tasksving final word repetition
(Gordon-Salant & Fitzgibbons, 1993), through totseoe repetition (Gordon-Salant &
Fitzgibbons, 1997). It is intuitive to expect tis@ntence materials would pose greater
challenges to the speech understanding of olddtsachhmpared with those involving
phoneme or word identification, as the added listioicontent and increased length require
greater contributions from higher cognitive proesssuch as working memory, which may
decline with age. For example, Humes and Christcgan (1991) discussed that the
nonsense syllable identification tasks used irr thieidy have a lower cognitive load in
comparison to tasks involving more complex stimwhjch may have limited the ability to
assess non-auditory factors such as memory anttiatte In order to address this issue,
some studies examined the difference in performance combination of tasks such as open
set word recognition, closed set key word repetitad sentence identification measures

(Jerger et al., 1991).



17

Further consideration when selecting speech stinedds to be made with regards to
linguistic context. The extrinsic factors that kleaa listener to extract the meaning of speech
include acoustic and linguistic cues, applicatibiearned phonological syntactical rules,
interpretation of contextual cues (both auditorgl aon-auditory) and prediction on the basis
of semantic probabilities (Bellis, 2003). Due he redundancy in spoken language (extrinsic
redundancy) as well as redundancy within the andggstem from repeated representations
of an auditory signal throughout the central patysM@ntrinsic redundancy), listeners with
normal hearing and auditory processing abilitiesable to understand a degraded or
distorted speech signal. This ability is often ppomised in listeners with auditory
processing deficits, presumably reflecting a reidmodf intrinsic redundancy (Bellis, 2003).
Therefore, when working with a population for whantrinsic redundancy may be
compromised, careful consideration must be givehedinguistic demands and semantic
predictability of the speech materials used. Sipeeaterial with higher semantic
predictability may be easier to understand tharenatwith lower semantic predictability,
even when all other factors are held constant.s@lf@ctors must be considered in research
design as the characteristics of stimuli may sigaiftly affect the results of speech

understanding tasks, depending on the difficulty.

1.2.5 The Effects of Reduced Speaker Intelligibtiy

As previously discussed, there is evidence to sstgbat older adults with hearing loss
have more difficulty understanding speech than geutisteners with equivalent hearing loss
when the signal has been experimentally degratterhuld therefore be expected that other
causes of degradations of the speech signal, suahieduced ability of a natural speaker to
produce intelligible speech, would also have aaafbn speech understanding abilities.

Techniques typically used in the literature to @elgrthe speech signal experimentally include
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the use of reverberation or time compression afj@as (Divenyi et al., 2005; Gordon-Salant
& Fitzgibbons, 1993). However, there is a pauoityesearch utilising speech stimuli that is
naturally less intelligible, such as speech stimuli collddtem speakers with speech
disorders, those who have foreign accents, or spbeat is naturally characteristic of older
adult speakers. The production of normal speedependent on the interaction of the
processes of respiration, phonation, sensatioonegge and articulation. Age-related
changes may occur in any or all of these procd§&mses, Stone & Shawker, 1984) resulting
in negative effects upon the clarity or intellidityi of the acoustic signal. The effects of age
upon speech production are detailed below. Thiésetg are particularly important when
considering that the main communication partnerslaér adults with hearing loss are likely
to be older adults themselves; therefore diffiegltinderstanding naturally degraded speech
will result in a significant impact on overall comamication ability. In general, studies have
examined age-related changes in two areas: orarriwiction and voice characteristics.

These changes will be discussed in the followirggiges.

1.2.5.1 Oral Motor Function

In general, studies that have examined oral meiactfon have reported that changes
occur within the speech mechanism with increaseg @gusing decreased speed and
precision of articulation. Baum and Bodner (1983}heir investigation of oral motor
function in healthy participants aged 23 to 88 geseported that age-related declines were
observed in lip posture, masticatory muscle fumgtand tongue function. Such declines may
result in an increased possibility of speech impait for older individuals (Baum & Bodner,
1983). Changes to the speed of articulatory movémgh ageing have also been reported.
Parnell and Amerman (1987) used oral diadocholdriatks (fast repetition of the syllables

‘pa’, ‘ta’ and ‘ka’) to determine whether ageingmathology resulted in changes to the speed
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of articulator movement. Young normal speakersddje— 28 years), older normal speakers
(aged 67 - 81 years) and dysarthric speakers coedpilee study tasks. Significant
differences were found between the age groupsvierad rate of syllable production,

precision of articulation, loudness control andceoguality. Similar findings of reduced
speed of articulatory movement were obtained byoai, Gielow and Behlau (2009) in

their study of 23 young adults and 23 older pgytiats. In addition, the older adult group
exhibited increased loudness variation than thengeugroup, with these differences
attributed to subtle age-related changes in thy¢gral mechanism (Padovani et al., 2009).
Overall, the above studies illustrate that ageteel@hanges occur to both the articulatory and

laryngeal mechanisms.

1.2.5.2 Voice Quality

Greater research attention has been focused a@iftus of ageing upon voice
characteristics. Perceptual studies have repthtddin general, ageing voices are perceived
as breathy, hoarse, unstable and different in mitchpared to younger voices (Gorham-
Rowan & Laures-Gore, 2006). Ptacek, Sander, Mglamne Jackson (1966) reported that the
characteristics on which listeners identify oldeeakers are phrasing, hesitancy, voice
breaks, and vitality. Furthermore, Ryan and B¥7@) determined that the five
characteristics of speech that were most highlyetated with judgements of age were voice
tremor, laryngeal tension, air loss, imprecise ooasits and slow articulation rate. It was
also suggested that the speech of normal oldetsaclulild be considered to have mild
dysarthric qualities, which is a form of motor spleelisorder resulting from neurological
impairment, for which there is a continuum of tix¢eat of impairment (Ryan et al., 1974).

These perceptual findings are supported by acnastlyses of the voices of older adults.

Age-related changes in the acoustic parametersnofaimental frequency, amplitude
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variations and perturbation measures have beemtegp@errand, 2002; Xue & Deliyski,
2001; Xue & Hao, 2003). With regards to fundamkefmeguency (F0), when the results of
older males and females are combined, the grougs tienexhibit significantly lower FO
compared to young or middle aged adults (Xue & y3&ii, 2001). However, when each sex
is compared separately, the average FO of fematels tto drop with increasing age (Ferrand,
2002), whereas the average FO of older males terise (Boone & McFarlane, 2000). Xue
and Hao (2003) investigated the physical reasonthé&se age-related differences in acoustic
parameters and found that the length and voluntieeobral cavity increased in older adults
(both male and female) in comparison to youngetigpants, which resulted in perceptual
changes such as the lowering of formant frequer{psicularly F1) across vowels.

Age-related changes to other acoustic paramete@@ng have also been observed.
Older adults demonstrate significantly higher fregqey and amplitude variations and greater
noise levels (as measured by noise-to-harmoniixy thn younger participants (Xue et al.,
2001). These results were supported by Ferrar@R2@ an examination of the harmonics-
to-noise ratio, jitter and FO of young adult fensa{21 to 34 years), middle-aged females (40
to 63 years) and older adult females (70 to 90sje@verall, the harmonics-to-noise ratio
was significantly lower in the older adult grouppeess Xue et al. (2001), indicating that there
was more noise (possibly from turbulent airflowidgrphonation) in the signal. However,
no significant differences were found between tred groups with regards to jitter, which
led the author to conclude that this is a lessigemsneasure of vocal instability than
harmonics-to-noise ratio (Ferrand, 2002).

Age-related changes have also been observed intdraction of multiple components of
speech production. Ptacek et al. (1966) reviewwedlifferences in respiratory, phonatory and
articulatory processes between younger adults (ui@lgears) and older adults (over 65

years). Reduced pitch range was observed in ther group, which was attributed to age-
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related calcification and weaker muscles withinldrgnx. Age-related reductions in
maximum vowel intensity, maximum vowel duration,ximaum intraoral breath pressure and
vital capacity were also observed, which suggests of power of the respiratory and
laryngeal muscles. Decreased diadochokineticwatealso apparent, which supports the
findings presented above (Padovani et al., 2008grestingly, there were no significant
changes in the laryngeal mechanism on examinaftacték et al., 1966). Furthermore,
Gorham-Rowe and Laures-Gore (2006) examined th@arkhip between the perception of
certain age-related voice characteristics (breaisirand hoarseness) and a number of acoustic
variables (such as FO standard deviation, amplipgiirbation quotient and harmonics-to-
noise ratio) in both young and older adults. A¢mumeasures revealed increased variation in
FO, noise-to-harmonic ratio and amplitude pertudoaguotients in the older group, which
suggests that the amount of noise in the voiceeas®s as a function of age. In addition,
significant correlations were found between thesmustic results and the perceptual features
of breathiness and hoarseness.

As identified above, the process of ageing maycafievide variety of speech and voicing
parameters including, but not limited to, speedd, r@ocal pitch, loudness and quality.
However, as with other age-related changes, tisemauch individual variation with regards to
the rate and extent of the effect (Mueller, 200 has been suggested that the extent of
change within the laryngeal mechanism relatesemtlerall physical condition of the
individual, which can change at variable ratesoustic features that reflect laryngeal
function (such as FO, phonation range, jitter dnichemer) have been investigated using
participants from three age groups (25 to 35 yelidp 55 years and 65 to 75 years) who
were divided into two levels of physical conditi@ood and poor). This was assessed using
indicators such as blood pressure, percentagadatesting heart rate. It was found that

those in poor physical condition had more shimnigey and smaller phonation ranges than
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those from the same age group in good physicalitond Interestingly, there were no
significant effects of age or physical conditionrarasures of FO, which suggests that the
changes that occur within the larynx are usualbtlsu(Ramig & Ringel, 1983).

The findings presented above suggest that thera @mege of speech characteristics
affected by the process of ageing. These effextdbme to result in a degraded acoustic
signal, which may increase the speech understawiifificulties that older adult people with

hearing loss tend to experience.

1.2.5.3 Listener Effort

In addition to the speech mechanism itself, recesgarch attention has focused on the
role of the listener in speech intelligibility. ®c@omponent of intelligibility highly relevant to
individuals with hearing loss is that of listenéfiog; specifically how much effort is required
on the part of the listener to understand the sgrea/hitehill and Wong (2006) aimed to
determine which relevant perceptual speech feafuresrily contributed to judgements of
effort. Twenty young healthy listeners were regdito undertake three tasks —
orthographically transcribe sentences from speakihsdysarthria, provide ratings of
listener effort (using a 10 cm visual analogueeséam “no effort required” on the left to
“maximum effort required” on the right), and selécom a list) the relevant perceptual
features they felt contributed to perceptions stelner effort for that speaker. Results showed
a strong negative correlation between sentenchigiiddity scores and listener effort ratings,
as well as moderate to strong correlations betwstmer effort and articulation errors, and
slurred speech. In addition, suprasegmental featsuch as voice quality were a significant
predictor of effort ratings. It is reasonable tiggest, on the basis of these findings, that the
naturally degraded speech signal of older adultg a0 require increased effort on behalf of

the listener in order to correctly perceive the sage. As yet, this has not been considered as
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a factor in studies of speech understanding foerdidteners.

Listener effort has, however, been considered wigfards to hearing impaired individuals
and amplification. Signal processing strategiehsas noise reduction (NR) have been
employed for hearing aids in noisy situations idesrto increase speech intelligibility and
ease of listening for hearing aid users. Althotigdre appears to be a lack of benefit with
regards to speech intelligibility (Hickson, 199dljnical experience has shown subjective
reports from hearing aid users; suggesting that peeceive improved sound quality and ease
of listening using NR. These observations have lggmlified in a recent study by
Sarampalis, Kalluri, Edwards and Hafter (2009) whitvestigated whether NR technology
reduces the cognitive load required for extractipgech in noise. Two dual task experiments
were completed by 25 young normal hearing additse first experiment involved listening
to sentences (both high and low predictabilitygjinet and in babble (with sentences at -2 or
2 dB signal-to-noise ratio (SNR)). In babble, seatences were either unprocessed or
processed using an NR algorithm. Accuracy of keydwecognition was assessed and
participants were also asked to remember the wordater recall. Experiment two also
involved repeating sentences in quiet and in bafailes, -2 or 2 dB SNR), both with and
without NR processing. A simultaneous visual reactime task was also undertaken to
assess speed of processing. The results of bp#riments showed that although NR did not
improve speech intelligibility in noise (in fach experiment one this was significantly better
without NR) it appeared to improve recall of higlegictability words and speed of
processing during the visual task, particularlthatlowest SNR. This suggests that in the
most challenging listening situations, the use BfiNay result in less listener effort; therefore
allowing cognitive resources that would normallyrbguired to extract the speech from the
noise to be allocated to other tasks. Althoughath@ve study involved normal hearing

participants, it has been proposed that becausdeafegraded auditory input experienced by
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listeners with hearing impairment, they may neecetp more on cognitive resources to
complete processes such as auditory closure tloge thith normal hearing (Rabbitt, 1991).
In summary, the range of speech characteristiesi@id by the process of ageing may
combine to result in a degraded acoustic sigrtak gossible that this may increase the
speech understanding difficulties that older adwlith hearing loss tend to experience, as
well as resulting in an increased amount of reguafktort to correctly perceive the signal.
The increase in effort required may result in maygnitive resources being allocated to the
decoding of the speech signal rather than beingaikd to other cognitive processes such as
working memory and the extraction of meaning (Samajset al., 2009). As the main
communication partners of older adults may thenesebe older adults, the combined factors
of reduced speaker intelligibility and hearing irmpeents of the listener have implications for

the audiological assessment and treatment of thex adult population.

1.3  Statement of the Problem

Previous literature has reported that older adktkers, particularly those with hearing
loss, have increased difficulty understanding spéesituations in which the signal is
degraded (Divenyi et al., 2005; Gordon-Salant &dithbons, 1993). To date, significant
research efforts have been devoted to determihimgnajor contributing factors to these
difficulties, particularly in regards to age-rekdteeripheral, central auditory and cognitive
deficits (Gordon-Salant & Fitzgibbons, 1997; HumkE396, 2002; Humes & Christopherson,
1991; Humes & Floyd, 2005; Humes & Roberts, 19@0gdr et al., 1989). However, a
consensus has not yet been reached. To dateajbetgnof such literature has focused on
laboratory-based experiments in which the acossgical is degraded using techniques such
as time compression or reverberation. It is imgoarto consider how these difficulties may

impact the listener’s overall communication abilityeveryday listening conditions.
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It has been noted that there are many featurgseefch in older adult individuals that may
deteriorate and represent a degraded acoustid $ignam & Bodner, 1983; Ferrand, 2002;
Padovani et al., 2009; Ramig & Ringel, 1983; Xu&l&o, 2003). As the primary
communicative partners of older adult hearing imgzhindividuals tend to be older adults
themselves, deficits in the listener’s ability tederstand naturally degraded speech will
compound the overall difficulties in communicatioAs previously suggested, ‘typical’ older
adult speech can be considered to be on the milabktine dysarthric continuum (Ryan &
Burk, 1974), so it is possible that hearing impaiisteners may have more difficulty
understanding the speech of normal older adukt®mparison to younger adults with normal
speech.

To date, research has not examined the speechstauaiding abilities of older adults
using speech stimuli from older adult speakerstdrer-related aspects of intelligibility, such
as listener effort, may also play a role in spagutierstanding. Particularly for hearing
impaired listeners, increased reliance on cognig®urces to understand speech may be
required than those with normal hearing due taritrensically degraded auditory signal
(Rabbitt, 1991; Rakerd, Seitz & Whearty, 1996)rdfiere the process of listening itself
requires more effort. There is currently a pauoitinformation regarding the effects of
hearing loss on subjective measures of listenertedihd intelligibility in hearing impaired

individuals.

1.3.1 Aims of the Study

This study aims to answer three specific reseanesttpns. These are as follows:

1. Does the speech understanding ability of oldertaduth SNHL vary as a factor of

speaker age (young versus older) and stimulus giedgdlity (high versus low)?



26

2. Is there a significant difference in the listenffor ratings of older adults with SNHL
when listening to speech from young versus oldeakers, and across low versus
high predictability phrases?

3. Are the percentage word intelligibility scores ¢der adults with SNHL, under the

above conditions, correlated with tests of cerdtalitory processing?

1.3.2 Hypotheses

It was hypothesized that the speech understanditijess (as measured by percentage
words correct scores) of the listeners with SNHILw(1) significantly decrease when speech
stimuli are presented from the older adult spegkeup compared to the young adult speaker
group, and (2) significantly decrease when thegtisiconsists of low predictability phrases
in comparison to high predictability phrases. #smlso hypothesised that increased listener
effort would be required when attempting to undardtthe speech from the older adult
speaker group, and the low predictability phradgasithermore, it was hypothesized that the
speech understanding scores of the older adultsSNHL will be correlated with measures

of central auditory processing.
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Chapter 2. Method

2.1 Listener Participants

Participants included 19 individuals (10 males ame females) with age-related SNHL,
aged between 60 and 87 years (mean age of 71 .4, y&ar 8.48 years). All were native
speakers of New Zealand English. Participants wenriited from the client database at the
University of Canterbury Speech and Hearing Cliris®\HL was determined using
behavioural pure tone audiometry. Assessmenteo$dverity of the hearing loss was made
by calculating the PTA of thresholds at 500, 1GI)0 and 4000 Hz. A PTA of 20 dBHL or
worse in the better hearing ear was required fargyaation, which represents at least a mild
to moderate high frequency hearing loss. Althoagange of hearing loss severities were
exhibited across participants, the pattern of sigigh frequency hearing loss appears
consistent and is characteristic of age-relatedimgéoss (Gates & Mills, 2005). Hearing
losses were also required to be symmetrical, witA Piteraural differences of no greater
than 19 dB at any frequency (Jerger et al., 199Hxticipants with a hearing loss from
childhood, a previous history of neurological ddsr, dementia or other significant medical
history were excluded from the study. See Figui@r the pure-tone air conduction
thresholds (combined left and right ear) for eaattipipant. In addition, tympanometry

results yielded from each participant were constsigth SNHL (see Appendix II).
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Figure 1. Pure-tone air conduction thresholds (combineddett right ear) for hearing
impaired participants.

Ten of the 19 participants were hearing aid owngitk, nine owning binaural hearing
aids and one having a unilateral hearing aid. Heweonly five of the participants who had
hearing aids wore them on a regular basis. Ppatts were compensated for their
involvement in the project. Approval for this dyuwas obtained from the University of
Canterbury Human Ethics Committee. All particigawere fully informed of the procedures

and signed consent forms prior to participatiothi study.

2.2 Speech Stimuli for Listening Experiment
The experimental speech stimuli were recorded fadotal of eight speakers (four males
and four females) who were recruited from amondgtieads and colleagues of the

researcher. Four speakers (two males and two é&s)nakre included in each of the
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following age groups: (1) ‘Young adults’ aged 1806-years (mean age 27.13 years), and (2)
‘Older adults’ adults aged 70 years and above (nagar80.15). All speaker participants
were native speakers of New Zealand English. Sef/éme eight speakers were from the
South Island and none had a strong regional acd&dhspeakers were free of colds or other
respiratory issues that may have affected theiecdpat the time of the recording. In

addition, they had no history or presentation afrotgical disorder, speech or language
disorder, or uncorrected hearing loss.

Speech samples were collected during a single onedession with each speaker. Each
speaker provided two minutes of spontaneous speeath,a short passage of connected
speech (The Rainbow Passage) and read lists df@maises which made up the
experimental stimuli. The experimental stimuli eeomprised of two sets: (1) low inter-
word predictability, which were chosen in ordetdssen semantic and linguistic cues that
might assist in speech understanding (Liss, Spiaviness, Adler & Edwards, 1998, 2000),
and (2) high inter-word predictability, adaptednrthe Speech in Noise (SPIN) Test
(Kalikow, Stevens, & Elliot, 1997). Both sets cmtied of 72 phrases, and where necessary
the phrases were modified to include six syllalei@sh (see Tables 1 and 2 for examples of

the experimental phrases used, and Appendix | foll phrase list).

Table 1 Examples of experimental phrases — low inter-waadlictability
(Liss et al., 1998, 2000).

Mark a single ladder Account for who could knock
Cheap control in paper Divide across retreat

Its harmful note abounds Done with finest handle

Hold a page of fortune Attend the trend success
Narrow seated member For coke a great defeat
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Table 2 Examples of experimental phrases — high interdvpoedictability
(adapted from Kalikow et al., 1997).

Original Phrase Experimental Phrases as Used
(Kalikow et al., 1997)
All the flowers were in bloom The flowers were in bloom
We saw a flock of wild geese We saw a flock of geese
| cut my finger with a knife Cut the bread with a knife
The little girl cuddled her doll The girl cuddled her doll
The soup was served in a bowl Soup is served in a bowl

Digital audio recordings of the speech samples weade in a quiet room using a Dell
Latitude D630 laptop. An Audix HT2 Headset Conderidicrophone with an Audix APS-
911 Condenser Pre-amplifier was connected to anudiAFast Track Guitar/Microphone
Recording Interface, which was in turn connectethéolaptop. Recording levels were
monitored to avoid peak clipping. Sony Sound Fdrgesion 9.0a (Madison Media Software
Inc, 2007) was used to record samples, and a sagnlie of 48 kHz with 16 bits of
quantisation was employed. For all speakers tleeaphone was placed approximately six
centimetres from the mouth during recordings. 8pesawere given time to familiarise
themselves with the speech stimuli prior to comreement of the recording. If hesitations or
reading errors occurred during the recording, fleaker was asked to repeat that element.
The speakers were given rest times throughoutett@ding as necessary. Once the speech
stimuli were recorded, those who patrticipated ia gart of the study were no longer
required. All speaker participants were compermstietheir involvement.

Following recording, the experimental phrases veelieed using Sound Forge to
eliminate microphone noise and to insert one seodsdence prior to and following each

phrase. The amplitudes of the samples were nasethato an RMS level of -18.5 dB
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(re: 0 dB full scale). An equal-loudness contoaswsed for the level calculation, and parts
of the file with an amplitude less than -50 dB ¢cddted with an attack/release time of 200
ms) were ignored. As there were 72 phrases in kstch total of 36 low predictability
phrases and 36 high predictability phrases werd frsen each group in the final

experimental stimuli set (with nine spoken by esgbaker). The phrases from each speaker
were examined by the principal investigator andrime phrases deemed most representative

of each speaker’s age were selected for use.

2.2.1 Acoustic Analysis

Acoustic analysis was completed on all of the 24geemental phrases included in the
listening experiment. All acoustic measures wemagleted using TF32 analysis software
(Milenkovic, 2001). Measures were carried out gsain amplitude-by-time display of the
waveforms, with settings of 7.020 frequency raragioor of -78 dB and LPC selected. The
beginning and end points of each phrase were seldst placing cursors on the first and last
evidence of phonemes on the spectrographic disphaglysis was completed for each
speaker and data were combined to calculate mdaesvior each speaker group. Analysis
consisted of the following measures:

1. Variation in fundamental frequency (Hz): FO and the variation within each phrase were
computed using the pitch trace. All pitch tracesevnspected visually to identify
apparent anomalies which were removed before aralys

2. Variation in amplitude (dB): The RMS amplitude of each phrase was autombjtical
converted to mean decibels with the standard dewiaicross the phrase employed for
analysis.

3. Speechrate: The start and finishing points of each phrase welected, which gave the

initial and final time in milliseconds. Calculati® were then made to determine the
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number of syllables spoken per second.

4. First and second formant of selected vowels: The START, FLEECE and THOUGHT
vowels were selected for analysis as they forrmtbdern New Zealand English vowel
space (Maclagan, 2009). An equal number of voWefa each group, balanced
between male and female, were analysed. Meastitks first and second formants
were taken from the temporal midpoints of each ‘aweg both spectrograms and
LPC displays.

5. Measures of voice quality.: The THOUGHT vowel was used for analysis of voice
quality, as this was the most frequency occurrimgj\&@as evenly distributed between
speakers. Twelve occurrences of the THOUGHT vovezk analysed from each
group, with equal numbers from males and femakestatic portion based around the
temporal midpoint of the vowel was selected, andsuees of percentage jitter,

percentage shimmer and SNR were calculated.

Differences on the above parameters between spgekgrs were evaluated using t-tests.

Results are presented in Table 3.
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Table 3. Mean, standard deviation and t-test results ofisiic parameters for young versus
older speakers.

Young Speakers  Older Speakers Significance

Variation in pitch (H2) 27.50 (12.57) 33.69 (15.67) tase) = -261, P<0.01
Variation in amplitude (dB) 12.49 (2.29) 12.44 (2.81) t142)= 0.10, p=0.92
Soeech rate (syllables/sec) 4.11 (0.55) 3.02 (0.55) t1a2)= 11.90, p<0.01
% Jitter 2.75 (2.65) 1.25 (1.31) tae)= 1.75, p=0.1
% Shimmer 13.53 (12.08) 8.53 (13.86) toz) = 1.75, p=0.36
Sgnal-to-noise ratio 12.6 (6.59) 18.63 (6.33) to2) = 1.75, p<0.05
START F1 803.33 (113.90) 829.33 (150.07) tw) =-0.31, p=0.76

F2 1513 (176.12) 1448 (126.55)  tg) = 0.67, p=0.52
FLEECE F1 318.17 (40.77)  360.5 (54.56) to) = -1.39, p=0.2

F2 2302.33 (364.94) 2282.5 (264.42) tg) = 0.1, p=0.92
THOUGHT F1 441.36 (54.37)  461.5 (65.0) tas) = -0.63, p=0.54

F2 818.75 (109.30) 898.5 (168.48 t1a) = -1.05, p=0.31

Note: Standard deviation values are presentedrengzesis

Analysis revealed no significant differences wiigards to variation in amplitude,
percentage jitter, percentage shimmer or F1 anof B2 THOUGHT, START and FLEECE
vowels. However, there were significant differenaeFO, with the young speaker group
presenting with less variation in pitch than theéeolspeaker group. The difference in speech
rate was also significant, with the older groupspreing with a slower rate of articulation.
SNR is a measure of voice perturbation that caleslthe energy ratio between the harmonic
components and the noise components within the Mivaewas measured. The older group
demonstrated a higher SNR, indicating that fortR®OUGHT vowel this group had less
voice perturbation, which may result in a vowelsdthat is perceived to be more clear

(Milenkovic, 1987).
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Re-analysis was completed on 20% of the acoustac s of the experimental stimuli (12
phrases) for reliability purposes. This includ€ddlof the high predictability phrases and
10% of the low predictability phrases. To deterenimtra-rater reliability, the investigator
who conducted the initial measurements also comglte second set of reliability measures.
Pearson’s product moment correlations were conduotéest the reliability between the first
and second measurement sets, and the absoluteebetneasure difference was also
calculated. Analysis indicated that reliabilitysMaund to be acceptable. The data are

presented in Table 4.

Table 4. Intra-rater reliability measures of acoustic paeters.

Parameter Absolute Pearson’s
Difference  Correlation

Variation in pitch (H2) 2.75 r=0.989
Variation in amplitude (dB D) 0.42 r=0.985
Soeech rate (syllables/sec) 1.20 r=0.942
% Jitter 0.49 r=0.728
% Shimmer 1.89 r=0.439
Sgnal-to-noise ratio 0.87 r=0.978
Vowels F1(H2) 11.08 r=0.997

F2 (H2) 34.43 r=0.998

To determine inter-rater reliability, an investigiahot involved in the original
measurements completed the second set of reljalnibasures. Pearson’s product moment
correlations were conducted to test the reliabbgyween the first and second measurement
sets. The data are presented in Table 5. Agaalysis indicated that reliability was found to

be acceptable.
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Table 5. Inter-rater reliability measures of acoustic pageters.

Parameter Absolute Pearson’s
Difference  Correlation

Variation in pitch (H2) 2.37 r=0.991
Variation in amplitude (dB SD) 0.35 r=0.984
Soeech rate (syllables/sec) 0.09 r =0.986
% Jitter 0.34 r=0.869
% Shimmer 1.61 r=0.608
Sgnal-to-noise ratio 0.63 r=0.984
Vowels F1(H2) 11.33 r=0.995

F2 (H2) 37.33 r=0.998

2.3 Procedures

Prior to commencement of the study, listener pigditts completed the Mini-Mental
State Examination (MMSE) (Folstein, Folstein & Majty 1975). This was undertaken to
exclude any participants with the co-occurrencsigrificant cognitive involvement. Al
participants passed the MMSE. They then underaeveral standard audiological
assessments to confirm their suitability for p@pation, which included otoscopy, pure tone
audiometry (air conduction and bone conduction)tgnthanometry. Pure tone audiometry
was not repeated on those participants who hadtieseed within six months prior to their
participation. Pure tone audiometry was carriedusing a Grason-Stadler GSI
61Audiometer using ER-3A insert earphones (or Tedepcs TDH-SDP supra-aural
headphones if inserts were contraindicated). Tyropeetry was carried out using a Grason-
Stadler GSI TympStar. In accordance with clinmaltocols, all equipment used during
testing had been calibrated on a yearly basis. li$teming experiments were carried out in a
sound treated room at the University of Cantert&pgech and Hearing Clinic.

Once initial assessment results confirmed elidipbfor the study, each participant
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completed two experimental components: (1) thedpaaderstanding and listener effort
tasks, and (2) assessments of central auditorepsoty. These tasks were counterbalanced
to minimise order effects. A total of two and df lurs was required for participation. This
took place over one or two sessions, dependingdimidual preference. Rest periods were
built into the session as deemed necessary. Hgaidnwearers were not permitted to wear

their hearing aids during the listening experimeanmttests of central auditory processing.

2.3.1 Listening Experiment

The experimental phrase presentation and respenseding was completed using the
University of Canterbury Perceptual Speech Rat{hi§s-PSR) computer programme
(O’Beirne, 2009), which was specifically designed $peech perception research. For the
experiment, participants were seated in front lafpdop. Those who had not had previous
experience with computers were given brief instaing on how to operate the mouse. The
researcher operated the mouse on the behalf of fherticipants who were not comfortable to
do so. The experimental phrases were presentedghiSennheiser HD280 Pro circum-aural
headphones. Prior to commencement of the expetjraeapeech sample from a speaker who
was not included in the final stimuli set was prded, and the participants were instructed to
use the on-screen sliding scale to adjust the veluntil it was at a comfortable listening

level (see Figure 2). No further volume adjustreemere allowed after this point.
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& IC_PSR - Speech Intelligibility
File Edit Operate Tools Wwindow elp

Speech Intelligibility )
STOP

Setup | Test |Credits ]

Please adjust the volume slider to your preferred level for listening to
speech.

‘ continue... ‘

Figure 2. Screen print of the volume selection screen dseithg the speech
understanding task.

The participants were advised that they would Beare short phrases, which were
spoken by both males and females of different adé®& phrases were presented one at a time
and the participant controlled the rate of predenaas the next phrase was not presented
until they clicked the “next” button. In additidhey were told, in lay terms, that some of the
phrases contained high context, and some of theessphrcontained low context and would
therefore not necessarily be semantically corrébiey were instructed to listen to each
phrase and repeat it exactly as they heard it. oftéer of phrase presentation was randomly
generated for each participant and repetition oagds was not permitted. Listeners were
encouraged to give their best attempt if they wirsure of the complete phrase. Following
each attempt the researcher typed their respotséhim computer, giving participants the
chance to confirm that the transcription was adeurdhis procedure was used because the

majority of participants had indicated that theyuebnot be comfortable typing their own
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responses as they were not familiar with computéfter stating what they heard for each
phrase, participants were further instructed te haw much effort was required to recognise
each phrase using a computer-based listener sffal¢. A 10 cm visual analogue scale was
presented on the screen, and participants weréeedo point the mouse to a location on a
continuum, from “minimal effort” to “maximum effdr{see Figure 3). Effort ratings were
recorded on the basis of the distance (in centasgfrom the left end of the scale to the

marked point.

[+ UC_PSR - Speech Intelligibility

File Edt Operate Tools Window Help
Speech Intelligibility
STOP
Setup | Test ‘Credits |
Enter the phrase 1'hef The boy laughed at the joke. submit
you hear:
Effort
no effort maximum
/ effort
Next

Figure 3. Screen print of the listener effort scale usedrduthe speech understanding
task.

On completion of the task, the data from UC-PSR exgmorted to a Microsoft Excel

spread sheet for analysis. Each phrase transeripias then scored on the basis of the
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percentage of words correct. In order for a worbtlé considered correct, it had to be
recorded exactly (for example, addition or deletiba plural /s/ was scored as incorrect, and

homophones were scored as correct).

2.3.1.1 Measurement Reliability

To assess the reliability of responses to the éxertal stimuli during the listening
experiment, 20% of all phrases (10% of the low mtadhility and 10% of the high
predictability phrases) were presented twice dutiireglistening experiment. Pearson’s
product moment correlations were conducted tothesteliability between the first and
second set of measures with regards to percentagisworrect and listener effort. The
correlation between the first and second set ofsores for percentage words correct was
0.725, with an average absolute between-measuezatite of 4.54%. The correlation
between the first and second set of measuresstenkr effort was 0.998, with an average

absolute between-measure difference of 0.698.

2.3.2 Central Auditory Processing Assessments

Three standardised tests of central auditory psigsvere conducted. All three are tests
typically performed within a clinical assessmentdxy for CAPD, and are thought to be
relatively resistant to peripheral hearing los®tdils of the tests are provided below.

1. Dichotic Digits Test (DDT) (Musiek, 1983): Thisstas comprised of two parts: (1)

The Single Pairs subtest, and (2) The Double Raintests. The Single Pairs subtest
consists of 50 pairs of digits from one to ninec{aging seven) with one digit from
each pair being presented to each ear simultaneolibis subtest was used as a
practice task; therefore twenty of the items wenmgleted by each participant. The

Double Pairs subtest consists of 100 pairs of glfigitm one to nine (excluding seven)
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with four digits being presented during each tffalo in each ear simultaneously).
Participants were instructed that they would hesnlmers from one to nine in each ear
at the same time, and to repeat all the numbetgtag heard for each presentation.
When they were unsure, they were encouraged tesguescore was obtained by
taking the percentage of digits correct in each &mores of 90% and above were
considered to be within the normal range (Muse®83). The results from the

Double Pairs subtest only were used for analysifhia is a more complex task.

. Staggered Spondaic Words Test (SSW) (Katz, 19%8)s test consists of 40 pairs of

spondees, and each ear receives one spondee vahiilyoverlaps in time with the
spondee presented to the other ear. Participaares iwstructed that they would hear
two words in each ear at the same time, and tleatvtirds would overlap. They were
then required to repeat back both words that weaech The SSW yields scores for
four listening conditions presented during the;teght non-competing, right
competing, left competing and left non-competifgil scoring of the SSW as
intended by the authors (Katz, 1968) involves otitgj the Raw SSW Score (R-
SSW), which is the percentage of errors in eadhefour conditions, and providing a
correction factor to convert to a C-SSW score.nftbis score, categories of
dysfunction (relating to those proposed by Katz epitbagues referred to as the
Buffalo Model) can be assigned (for example, ragdgiom normal to severely
abnormal) from which inferences can be made reggrsite of dysfunction.

However, the Buffalo Model is a theoretical constyand, like other theoretical
models of CAPD, is not universally accepted (BeR@03). In addition, normative
information is only available for individuals aged to 69 years, which is not
applicable to the majority of participants involvedhe current study. Furthermore,

the analysis involves correcting for the hearirgglby taking into account scores on
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PB Words lists, which were not available for eaaltipipant in this study; therefore
full scoring was not possible. Bellis (2003) sthtieat the SSW can be scored in the
same manner as other dichotic tests, thereforprisent study analysed the results in
terms of the R-SSW scores, which gives the pergergaror in each listening
condition. When assessing auditory processingadneitions of most interest are the
left and right competing conditions, as these imgddinaural integration. Therefore,
in comparing R-SSW scores to scores on the DDTspedch recognition scores, the
competing condition which yielded tkerse score for each participant was selected

to make this comparison.

The DDT and the SSW are both tests of dichotic redjosm, however they were both used
in the current investigation as they involve diffet levels of linguistic loading (Bellis, 2003)

and both tests are widely used in clinical settings

3. Random Gap Detection Test (RGDT) (Keith, 2000)isTlst was chosen as it

assesses temporal processing skills, which isferdift aspect of auditory processing
than that assessed by the DDT and SSW. The RGDBgiste of a series of paired
tone pip stimuli containing various inter-stimuingervals ranging from zero to 40
milliseconds. The first subtest is a practise taskl during the second subtest the
stimuli were presented at 500, 1000, 2000 and #G00Participants were instructed
that they would hear one or two beeps, very clogether (“almost like an echo”).
They were asked to state whether they perceivedotwo beeps. The number of
reported beeps was recorded, and the gap detébteshold at each frequency was
calculated by determining the interval for whicle gharticipant consistently identified

two tones. The gap detection threshold at eacjuéecy was then averaged to find
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the composite gap detection threshold across fregee Gap detection thresholds of
less than 20 milliseconds are considered normatlzer@fore indicate that a listener

does not show evidence of a temporal processimyd#s.

Tests of central auditory processing were complasiag a Grason-Stadler GSI 61
Audiometer and an Onkyo DX-C390 Compact Disc Chang#R-3A insert earphones were
used unless contraindicated, in which case TelapediH-SDP supra-aural headphones
were used. All tests were presented through sepahannels on the audiometer at a level of
50 dB sensation level (SL) as per instructiongampensate for each participant’s level of

hearing loss.

2.3.3 Statistical Analysis

Analysis of Covariance (ANCOVA) was used to deteranif significant differences
existed in percentage words correct scores adar faicspeaker group (young versus older
speakers) and stimulus predictability (high preahdity versus low predictability phrases).
Given the difference between participants in l@fgdresentation, presentation level (dB) was
employed as a covariate. For listener effort,quhtrtests were used to determine if
differences existed in the perceived effort foradqee group and stimulus predictability.
Pearson’s product moment correlations were conduoteetermine whether a significant
relationship existed between scores on the testerdfal auditory processing (DDT, SSW

and RDGT) and percentage words correct scorefiéoiotv predictability listening condition.
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Chapter 3. Results

3.1 Listening Experiment

3.1.1 Speech Understanding Scores

Figure 4 contains the mean percentage words caceces of the 19 participants with
SNHL, presented by speaker age group allocatien fioung versus older) and stimulus
predictability (high predictability versus low piethbility phrases). Individual participant

percentage words correct scores for the differentitions are presented in Appendix lll.

100 -

80 -

60 -

m HP Phrases
O LP Phrases

40 |

% Words Correct

20 -

Young Older
Speaker Group

Figure 4. Mean word recognition scores (percentage correctsa speaker group and
stimulus predictability.

When controlling for presentation volume as a coate, analysis revealed a significant

main effect for stimulus predictability (F=43.96;(0001), indicating that as expected,



44

percentage words correct scores were significdmgllyer for high predictability phrases.
There was no significant effect of speaker gros(EO, p>0.05), signalling that the
participants exhibited a similar level of difficulunderstanding the speech of both young and
older speakers. Furthermore, the group X stimpfesictability interaction was not

significant (F=0.06, p>0.05).

3.1.2 Listener Effort Ratings

Figure 5 depicts the mean perceived listener eftorthe group of 19 participants with
SNHL when listening to younger compared to olderagers. Figure 6 shows the mean
perceived listener effort for the group with SNHbhew listening to low versus high
predictability phrases. Statistical analysis réagahat the listener group with SNHL
required significantly increased perceived effohntew listening to the speech of the older
adult group versus the young adult groyp#t-2.46, p<0.05). Furthermore, significantly
increased perceived effort was also evident whstarling to low predictability phrases versus

high predictability phrases;{t= -4.33, p<0.05).
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Figure 5. Mean perceived listener effort by speaker group.
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Figure 6. Mean perceived listener effort by stimulus preddity.
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3.2  Tests of Central Auditory Processing

For examination of the relationships between tek&iditory processing and percentage
words correct scores, individual listener’s resalighe low predictability stimuli were
selected for comparison. The low predictabilityrecior comparison comprised the average
of a listener’s responses to speech from both yewagd older listeners. It was considered
acceptable to collapse the data as no significfiereince existed in percentage words correct
scores for the factor of speaker group (i.e., yowsrgus older speakers). The low
predictability results were chosen for comparissihe results from the speech understanding
test indicated that performance of the listeneugrapproached ceiling in the high

predictability stimulus conditions.

3.2.1 Dichotic Separation
Dichotic Digits Test

Individual scores of the listener participants loa Dichotic Digits Test (DDT) for the
Single Pairs and Double Pairs subtests are availalAppendix IV. As stated in the method,
results from the Double Pairs test only were setbébr analysis. The relationship between
DDT score (for both the left and the right ear) @edcentage words correct for low
predictability phrases is presented in Figure #r€ational analysis revealed that a moderate
correlation existed between percentage words doiwetow predictability phrases and
performance on the DDT in both the left ear (r=30.60<0.01) and the right ear (r=0.645,

p<0.01).
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Figure 7. Dichotic Digits Test Double Pairs scores for lgfe and right ears versus speech
recognition score for low predictability phraseagded line represents the accepted pass
criterion used clinically (90%)).

Saggered Spondaic Words Test

The relationship between R-SSW scores (worse cangpedndition) and speech
recognition score for low predictability phrasepissented in Figure 8. Statistical analysis
revealed a significant negative correlation betwleeBSW score and speech recognition
scores for low predictability phrases (r=-0.7610@%). In addition, individual participant R-
SSW scores across listening conditions are availabAppendix V, and the relationship
between R-SSW scores (worse competing conditiothsaares on the DDT (for the

corresponding ear) is presented in Appendix VI.
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Figure 8. R-SSW scores for the worse competing conditionugespeech recognition scores
for low predictability phrases

3.2.2 Temporal Processing
Random Gap Detection Test

Figure 9 demonstrates the relationship betweeragedRGD thresholds and percentage
word correct scores for the individual listenersmBNHL. Statistical analysis indicated that
the correlation between RGD score and speech rémoygacore for low predictability
phrases was not significant (r = -0.31, p=0.203ap detection thresholds across the

frequency range for each participant are presentégpendix VII.
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Figure 9. Average Random Gap Detection thresholds versuskpeeognition score for
low predictability phrases.
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Chapter 4. Discussion

The purpose of this study was three-fold. Firdthg study aimed to determine whether a
group of 19 individuals with age-related hearingslexhibited a significant difference in their
ability to understand speech stimuli presented fyoong adult speakers and older adult
speakers, and across two stimulus conditions, Iediptability and high predictability
phrases. Secondly, the project aimed to establistttver the degree of perceived listener
effort varied across these conditions. Finallg, skudy examined whether individual
differences in percentage words correct scores vedaed to performance on a series of
measures of central auditory processing.

We hypothesised that, due to the negative effdageing upon speech production, the
accuracy with which hearing impaired listeners dautderstand speech from older
individuals would be significantly reduced and eesed listener effort would be required
when compared to results achieved when listenitgaspeech of younger individuals. In
addition, it was expected that decreased percemiagis correct scores and increased
listener effort would be observed in the low préaldity condition. Furthermore, it was
projected that individual differences in speecharsthnding would be related to performance
on measures of central auditory processing.

The primary findings of the study indicated thaf ithe speech understanding ability of
older listeners with SNHL was similar when listegiio the speech of young versus older
speakers, (2) phrases containing low predictabiiitye more difficult to understand than
high predictability phrases as they yielded lowsrexh understanding scores, (3) listeners
perceived that greater effort was required to ustded the speech of older versus young
speakers, and low versus high predictability ptsaged (4) two measures of dichotic

separation were correlated with percentage wordecioscores. However, no relationship
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was found between performance on a temporal primgetssk and percentage words correct
scores; indicating that dichotic separation abiiitgty be related to the speech understanding
abilities of older adults with SNHL. Each of thgsemary findings will be discussed in detalil

below.

4.1  Effects of Speaker Age and Stimulus Predictability
4.1.1 Speaker Age

Results of the current study showed that the speedarstanding ability of the listener
group with age-related hearing loss did not varg éactor of age of the speaker. These
findings were unexpected as it was hypothesizeidsgheech from the older speaker group
would yield significantly lower speech understamdatores than the younger group due to
age-related natural degradations in the speechlsigiowever, the findings are perhaps not
surprising due to the minimal acoustic differencbserved between the speech samples of
the young and older speaker groups. Although sogmit differences were found between
groups with regards to SNR, FO standard deviatimhspeaking rate, it appeared that these
acoustic differences did not affect the overalhaigquality sufficiently to produce differences
in speech understanding scores. These resulis eoatrast with reports of reduced
intelligibility with regards to experimental degetbns in signal quality (Gordon-Salant &
Fitzgibbons, 1993). However, these degradatiomd te be far more severe than those which
occur naturally through age. In addition, it iffidult to predict the rate and extent to which
age affects vocal characteristics as there isfsignt individual variation (Mueller, 2007),
and the extent of general physical decline may sieamger predictor of age-related changes
in the speech and laryngeal mechanisms (Ramig §dRir1983). It is possible that the
current speakers chosen to represent “older” speeamot present with the vocal

characteristics that are typically associated Withageing voice.
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Another possible explanation for the lack of vaoiatin speech understanding scores
between the young and older speaker groups isglteatduced speech rate observed within
the older speaker group may have facilitated spaaderstanding as listeners had more time
to process the speech. Increased processing tayidnave compensated for any degradation
to the signal, therefore leading to the similaresdetween groups. Overall, the lack of
variation in speech understanding scores betweepdhing and older speaker groups in the
current study suggest that the age-related changggech do not create significantly
adverse listening conditions to result in an inseeia the speech understanding difficulties

experienced by older adults with SNHL.

4.1.2 Stimulus Predictability

Although the speech understanding ability of theugrwith age-related hearing loss did
not vary as a factor of speaker age, variatiorspaech understanding scores were observed
as a factor of stimulus predictability. The resulf the current study revealed a decrease in
percentage words correct scores for low predidtgiphrases in comparison to high
predictability phrases. The finding of decreassmtes for low predictability phrases is not
unexpected, and is likely explained by the fact tha context present in the high
predictability phrases facilitated speech undeditan

In order for effective communication to occur, tiséener utilises a range of processes
such as cognition, auditory memory, auditory clesuneta-linguistic strategies and
knowledge of grammar, semantics and pragmaticgitceaat the meaning of the utterance
(Sweetow & Henderson-Sabes, 2004). There are two faetors which have been proposed
to affect speech understanding; acoustic featstesh(as length and phonetic context) and
linguistic factors (such as complexity of the secteand word familiarity) (Marshall, 1985).

In the current study, listeners were able to maesaf semantic cues to aid their
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understanding of the high predictability phraselsergas, they had more difficulty
understanding the low predictability phrases duthéoack of such cues.

The current findings are consistent with the litera which has examined the effects of
context on speech understanding. All of the studiscussed below used similar stimuli,
based on those developed for the SPIN Test (Kali&bal., 1977), which also formed the
basis for the high predictability phrases in thereut study. Firstly, Craig (1988) reported
that for normally hearing young adults, key wordagnition scores were higher when
preceded by high predictability phrases than loedmtability and carrier phrases. These
results are consistent with those of the curramystvhich suggest that speech understanding
is aided by phrase context. Furthermore, in aysiteblving 30 young and 30 older adults
(with hearing within normal limits for their agejutchinson (1989) reported that both groups
achieved lower key word recognition scores whewgued by low predictability than high
predictability or carrier phrases. Interestinghg older adult group achieved lower key word
recognition scores than the younger group regasdiethe stimulus predictability.
Measurements were also taken at varied signalidbaatios, and further results showed
that the older adult group had particular diffigulinderstanding the speech in the babble
conditions, across predictability conditions. Algarticipants had relatively normal hearing,
the differences in scores cannot be attributedremlaction in peripheral hearing sensitivity.
They were therefore explained by the possibilitagé-related changes to the central auditory
pathways and cognitive processing. In older listenthe reduced extrinsic redundancy of the
signal in babble would combine with the reducednsic redundancy within the central
auditory system to cause increased difficulty wibrd recognition across all stimulus
conditions (Hutchinson, 1989). It was concludeat these higher level processes may be
more crucial to speech understanding when linguesintext is unavailable (Hutchinson,

1989).
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Overall, the results relating to lower speech usi@deding scores for older adults in low
predictability phrases are supported by previoudist (Craig, 1988; Hutchinson, 1989).
These findings suggest that it is necessary todakeextual factors into account when
developing speech materials, depending on thedlpeocessing strategies that are desired to

be elicited.

4.2  Listener Effort

In general, listeners reported little effort for talsks; however significant differences were
found between listening conditions. Firstly, tlesults of the current study showed that the
group of 19 listeners with SNHL perceived that gigantly greater levels of effort were
required to comprehend the speech of the oldekspga Although the acoustic differences
between the speaker groups did not appear to gignify affect speech understanding, it is
possible that the acoustic and perceptual diffexsmetween the young and older speakers
were enough to result in increased perceived ksteffort when dealing with older speech.
Indeed, perhaps greater attentional resourcesnequéred on behalf of the listeners in order
to achieve equivalent speech understanding scetesbn speaker groups. There is a
paucity of research regarding the degree of effat listeners perceive is required in their
everyday speech understanding. As previously meeti, Whitehill and Wong (2006)
studied dysarthric speakers and found a correl&@ween listener effort measures and
sentence intelligibility scores. Furthermore, thepeakers with slurred speech and
articulation errors resulted in listeners reportimgreased effort ratings, followed by features
relating to voice quality (such as strain-strangla@athy and harsh voice). It was noted that
listening to speech with decreased intelligibiptyts more demands on the listener; leading to
higher listener effort ratings (Whitehill & Wong0@6). In addition, the study by Sarampalis

et al (2009) suggested that greater cognitive mregeswneed to be allocated to extracting the
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speech signal in challenging situations such akdraand noise; resulting in increased
listener effort. The current study did not dirgdtivestigate the relationship between speech
understanding and listener effort. However, tlot flaat listeners perceived that more effort
was required to understand the older speakers stgat some of the perceptual features
that lead to reduced intelligibility may have bgeasent within the sample. This suggests
that greater processing resources were required Wigtening to the older group in order to
maintain the same level of intelligibility.

Furthermore, as expected, significantly greateelewf perceived effort were required
when the older listeners were presented with loediotability phrases compared with high
predictability phrases. This is intuitive to expeagiven the finding that low predictability
phrases yielded lower percentage words correcesaban high predictability phrases. It is
likely that central auditory processes such astapdclosure are more crucial to speech
understanding when linguistic context is unavadabiutchinson, 1989), therefore resulting
in increased cognitive resources being allocatdde@rocess; accounting for the higher
listener effort scores observed for low prediciibphrases.

Overall, results regarding listener effort ratisggygest that although age-related
degradations in signal quality between the spegi@rps were not significant enough to
reach the critical threshold to affect intelligibjil increased listener effort was required to
maintain the same level of speech understandingthspeech from the younger group.
This may be explained in part by the presence efratpted perceptual characteristics that
have been proposed to increase the necessaryfetfegeech understanding (Whitehill &
Wong, 2006). In addition, results suggest thaespeavithout linguistic context is perceived
as more difficult to understand than speech comgisuch context. Further research is
needed to extend the current understanding ohksteffort, particularly in relation to older

listeners in everyday listening situations.
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4.3 Relationship between Speech Understanding a@entral Auditory Processing
Two tests of dichotic separation (DDT and SSW) ane test of temporal processing
(RGDT) were used to assess the auditory proceskitig of the older adults with hearing
loss. The results were compared to those fronspleech understanding task to determine
whether a relationship existed between these aspécentral auditory processing and

speech understanding ability.

4.3.1 Tests of Dichotic Separation

The current study involved two tests of dichotipamtion: the DDT and the SSW, which
were used as a gauge of the participants’ ceniidit@y processing skills. Results revealed a
moderate positive correlation between scores o€ (for both left and right ears) and
percentage words correct scores for low predidtglphrases, indicating that those who
achieved better percentage words correct scoresatsed more highly on this measure of
central auditory processing. In addition, a sigaifit negative correlation was found between
R-SSW percentage error scores (worse competingtammcand percentage words correct
scores for low predictability phrases, indicatihgttthose who achieved higher speech
understanding scores made fewer errors on the SEM/also interesting to note that the
results revealed a negative correlation betweerSR-Scores (worse competing condition)
and scores on the DDT (for the corresponding e&g Appendix V1), which is to be
expected as both are standard assessments ohtbgsacess, albeit containing different
levels of linguistic loading. These results arasistent with the hypothesis that individual
differences in speech understanding would be rlat@erformance on measures of central
auditory processing.

Analysis of the individual results of the DDT an8\8 is necessary in order to determine

whether there is any evidence of CAPD among theqggaants. The standard pass criterion
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for the DDT is 90% (Museik, 1983). Results frore test show that five out of the 19
participants scored below the pass criterion i leatrs, indicating difficulties with dichotic
separation. This difficulty may be observed bebarally as a problem hearing speech in
background noise, or when more than one persqueaking simultaneously (Bellis, 2003).
Further analysis can be completed with regardedaight ear advantage, which relates to the
fact that normal hearing right-handed individualkiave consistently higher scores on
dichotic tasks in the right ear than the left eAewthe task is linguistically loaded (Kimura,
1961). This occurs due to the decussating natutteeauditory pathway, as signals from the
right ear are sent directly to the language dontinartical hemisphere (usually the left);
whereas input to the left ear must cross from igjfet hemisphere to the left via the corpus
callosum. Therefore, the right ear advantage (REA&pnsidered a measure of
interhemispheric processing (Bellis, 2003). Fiagtigipants from the current study
demonstrated a significant REA (above 10% diffeegnt0 demonstrated a slight REA (1-
9%), and three demonstrated slightly higher scordse left ear. Only one participant
achieved exactly the same score in both ears. x&kerae example of an REA was yielded
from Participant 17, who achieved a pass scor&% B the right ear and a score of 2.5% in
the left ear. In this instance, investigationsktptace during testing to ensure the results were
not due to faulty equipment setup or user errooweler, this was not the case. The
participant could complete the task when digitsengesented monaurally to the left ear, but
showed great difficulty during the dichotic taskhe participant is a regular user of hearing
aids which have been fitted binaurally. No factwese mentioned during the case interview
that can account for these results; therefore siggethat this participant has significant
difficulty with dichotic separation. This parti@pt also demonstrated lower than average
performance on the speech understanding taskssastiosilus predictability conditions, but

particularly with the low predictability stimuli, ich is consistent with expectations.
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With regards to the individual results of the S3&g Appendix V for full details) it is
difficult to compare the results to those of otsierdies, which used the traditional scoring
methods as in Katz (1968). However, the R-SSWqmdage error scores can be evaluated
qualitatively, by reviewing the pattern of resudhtsm each condition (right non-competing,
right competing, left competing and left non-conipgt Three main patterns of results were
evident. Five participants demonstrated decrepsddrmance on both competing
conditions, eight participants demonstrated deeagrformance on one condition in
particular, and five participants achieved reldfiaven performance across all conditions.
Participant 12 yielded an abnormal pattern of tesdiemonstrating a very high percentage of
errors across all conditions and appearing to lpavecular difficulty in the left non-
competing condition. This may be an indicatiordeprivation effects in the left ear as the
participant wears a hearing aid (although not ctastly) in his right ear only. Interestingly,
this participant also performed below the meanpeesh tasks across stimulus predictability
conditions, but particularly with the low predicil#ly stimuli (see Appendix 1ll), which is
consistent with expectations. In addition, itgae interesting to note the case of Participant
17, as although extremely poor scores were achievrt left ear on the DDT, scores on the
SSW suggest that this participant had slightly nibifeculty during the right competing
condition. The reason for this apparent inconsistas unclear.

Analysis of the individual results suggest thar¢his some evidence of central auditory
processing deficits on tests of dichotic listenivithin the listener participant group of older
adults with SNHL. However, it is unclear whethiee bbserved deficit is specific to dichotic
listening or whether poor performance on thesesassents indicates a general decline in
central auditory processing abilities (Bellis, 2D03 herefore, conclusions regarding
interhemispheric processing and the function ofctbrpus callosum cannot be drawn.

However, the finding that speech understandingescfmr low predictability phrases were
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related to performance on measures of dichotierlisg may be partially explained by a
reduction in intrinsic redundancy that occurs idiwduals with CAPD. Auditory closure
relates to the process of the listener filling iis$ing or distorted portions of the auditory
signal by combining both intrinsic and extrinsiduedancy, and is therefore important for
speech perception in challenging situations, sigaliteen context is not available. As
previously mentioned, patients with central auditdeficits may struggle with processes such
as auditory closure, possibly due to reduced isiciredundancy (Bellis, 2003).

The results from the current study are consistetft previous studies that suggest that
central auditory processing deficits are eviderthinithe older adult population (Cooper &
Gates, 1991; Stach et al., 1990), and that thdsstd@dd to the speech understanding
difficulties observed (Humes & Christopherson, 19%rger et al., 1989). In particular,
studies have suggested that a decline in dichistening ability occurs as a function of age
and hearing loss (Jerger, Chmiel, Allen & Wilsofi94). The variability in REA found
among participants from the current study is caasiswith the literature, which suggests that
although an REA is typically observed in normalrdreglisteners, the asymmetry tends to
increase as a function of age and hearing lossigBeWilber, 2001; Roeser, John & Price,
1976). However, it is difficult to make comparisdmased on the current results regarding the
relationship between speech understanding scotemaasures of dichotic listening as
traditional scoring methods were not used.

The DDT and SSW, both tests of dichotic separatiare selected for use as they have
been shown to be relatively resistant to periphieearing loss (Bellis, 2003). These tools
were used as a gauge of the participants’ centicit@y processing skills. Overall, results
revealed that there is evidence that some partitsgaave a deficit in central auditory
processing. Furthermore, those participants wimootstrated poorer scores on these

assessments of dichotic separation also perfornoed poorly on the speech understanding
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task in the low predictability stimulus conditioft.is unknown whether the results from the
assessment tools used indicate a specific deifidichotic listening for these participants, or
whether this is indicative of a general declineemtral auditory function; therefore
conclusions cannot be drawn regarding the causefitns relationship. However, these
findings support previous research which suggésiisdentral auditory processing skills are
particularly important when listening conditiong anore challenging due to the lack of

contextual cues (Hutchinson, 1989).

4.3.2 Tests of Temporal Processing

The current findings demonstrate no significaratiehship between speech
understanding scores for low predictability stimarid the average gap detection threshold as
measured by the RGDT. In addition, results shotationly one participant achieved scores
outside the RGDT pass criterion of 20 millisecoadsoss the frequency range (see
Appendix VII). These results suggest that thetemnged evidence for the existence of a
temporal processing disorder in the participanugraith age-related hearing loss.

The RGDT assesses gap detection ability, whichme#nod of measuring temporal
resolution (a sub-skill of temporal processing)] &as been associated with the listener’s
ability to process time-related speech charactesistuich as voicing manner and syllable
transition (DeFillippo & Snell, 1986). An individliwho performs poorly on the RGDT
would likely have greatest difficulty perceivingoidly presented speech (Stach, 2000). The
current findings are consistent with previous stadhat suggest that gap detection ability
does not significantly decrease with age. MoosteR? and Glasberg (1992) examined the
influence of hearing loss on gap detection by camgagap detection thresholds (GDTSs) of
15 older adults with hearing impairment (mean agé 3 years) and 11 older adults with

near-normal thresholds (mean age = 75.9 years3ul®Revere also compared to previously
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collected data from young normally hearing paracigs. It was reported that most of the
older adults with near-normal hearing had GDTs mithe normal range, which is consistent
with the current study and suggests that tempesalution problems do not always occur
with ageing. In addition, the finding that speectierstanding scores were not correlated
with GDTs is consistent with results from Stroudshmead, Ohde and Grantham (1998),
which involved normally hearing younger and oldeéulés (matched for gender and hearing
sensitivity). Tests included monaural gap detegtioteraural time difference thresholds, and
two tests of speech perception. The older groupatestrated increased GDTs and interaural
time difference thresholds and also performed rpowly on both speech perception
measures. However, no correlation was found betlee speech tasks and psychoacoustic
measures of temporal processing.

In contrast, there is research evidence to suglgastemporal processing deficits become
more evident from the fifth decade of life (McCregk& Kasten, 1982) and increase as a
function of advancing age (Konkle, Beasley & Bd97). Increased GDTs and greater
variability have been found in studies examiningryg and older adults (Schneider, Pichora-
Fuller, Kowalchuk & Lamb, 1994; Snell, 1997); thieme suggesting an influence of age on
gap detection abilities. Furthermore, Snell (19@pprted that older adults demonstrated
increased GDTs in both quiet and noisy conditiovwtsch was thought to reflect a more
general decline in the speed of auditory processirttge difference in findings with regards to
the current study may be due to differences in odlogy, as the validity of the RGDT for
identifying CAPD is unknown (Bellis, 2003).

Overall, the literature suggests that temporal @seimg ability may decline as a function
of age, and that there are factors other than pergb hearing sensitivity that contribute to the
temporal processing deficits observed in some distemers. The results from the current

study did not reveal temporal resolution defiaitshe majority of participants, or a
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relationship between speech understanding scote&BiTs. Care should be taken not to
draw assumptions on the absolute temporal proagskiits of the participants of the current
study, as this assessment tool targets only orecasptemporal processing. Although the
sensitivity of other measures such as temporafjiaten, ordering and brief tone tasks have
been shown, further investigation is needed to reniat commercial versions are available

for clinical use (Bellis, 2003).

4.4  Clinical Implications

The results of the current study have implicatismith regards to audiological assessment
and rehabilitation of older adults. Results sugtes central auditory processing skills are
related to the speech understanding ability of rodaiellts. Hearing aid fittings are currently
based on results from peripheral testing only filge tone audiometry), which provides
useful information on the degree and type of hegioss and the level of required
amplification. However, clinical observations hah®wn that there is much variation in the
experienced benefit of older hearing aid userspiteesimilar audiograms (Gatehouse, 1991;
Sweetow & Henderson-Sabes, 2006). It may therdfeneecessary to consider including
tests of auditory processing in the standard asss#sbattery for this population, as they are
currently not routinely assessed. However, thezessues surrounding the implementation
of such assessment as there remains contentiordmegéhe lack of a standard definition of
CAPD, and the confounding influence of peripheedrimg loss on performance and
interpretation of assessment tools. In additibard are particular difficulties around CAPD
testing in older adults as there is often a lackg# appropriate normative information. It has
been suggested that using similar tasks in anatleeiality, such as the visual modality, may
be the most effective way to distinguish betwe&A#&D and a general cognitive problem

within this population (Humes, 2008). Althoughstias, in theory, been recognised as a
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potential way forward in establishing an approgriest battery (Cacace & McFarland, 2005),
steps have not been taken to put this into everpdagtice. Further research is therefore
needed before a CAPD approach can be consideretifmal use with older adults.

The current findings also suggest that listenioigditions such as stimulus predictability
may influence the speech understanding abilityldémoadults. This extends on previous
research which suggests that older adults haveplart difficulty understanding speech in
challenging conditions such as background noisediyji, et al., 2005). Furthermore, this
study has shown that higher levels of perceivadner effort are required when listening in
more demanding situations (such as increased spag&end low predictability phrases).
Although speech tests, such as the AB Words Lisb{Broyd & Nittrouer, 1988) are
sometimes utilised in the clinical assessment bafte older adults, these tests require
recognition of monosyllabic words in quiet conditsoonly; therefore do not reflect ‘real-
world’ listening situations. The SPIN Test (Kaliket al., 1977) is a possible alternative
assessment tool as it includes both low predidgtglaihd high predictability stimuli, and
utilises varying levels of multi-talker babble irder to simulate everyday listening
conditions. Although this test has been used sxtely in research, there is limited
information on its clinical utility (Elliot, 1995)articularly for the older age groups due to a
lack of normative information (Hutchinson, 1989)he development of a speech test
involving a New Zealand English speaker, phrasgeatence material and a variety of
listening conditions (e.g. quiet and backgroundsapmay provide more accurate information
regarding the speech understanding abilities afraddlults with hearing loss in this country
and therefore be more helpful with regards to mtady the likelihood that they will become
successful hearing aid users.

With regards to audiological rehabilitation, thereamt finding that central auditory

processing deficits are related to scores on speedérstanding tasks has implications for the
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successful use of hearing aids, which is currehystandard treatment for age-related
hearing loss. Although many older adults expeeerunsiderable benefit from amplification,
some older adults do not achieve successful outssagarding improved speech
understanding following a hearing aid fitting (Hsda & Worrell, 2003). In particular, it has
been acknowledged in previous research that sinegtpring audibility through amplification
is less effective in people with central auditorggessing difficulties (Humes, 2002). This
perceived lack of benefit may lead to older adcittsosing not to wear hearing aids, which
was highlighted in Gates et al. (1990). Findingsa sample of 482 hearing impaired
participants (aged 63 to 95 years) showed that bdI$% completed a hearing aid trial.
Furthermore, 22% of those who completed a trighseol wearing the hearing aids (Gates et
al., 1990). Suggested explanations for this ldcdatisfaction within the older population
include factors such as the cost, stigma of balegtified as hearing impaired, aesthetic
concerns, fear of the technology and a physic&l déddexterity causing difficulties
manipulating hearing aids (Plath, 1991). Howeperhaps the most likely reason for
dissatisfaction is that hearing aids do not alwglye users the ability to communicate
effectively, especially in listening situations tlaae not ideal such as in background noise
(Vesterager & Salomon, 1991). In addition, difftguistening in background noise is a
common symptom of CAPD (Bellis, 2003).

However, despite the evidence that CAPD may rasuldiss benefit from hearing aids,
these skills are not typically addressed in thabdhation process for older adults. Perhaps it
IS necessary to offer alternative treatment strasefpr age-related hearing loss that take
central auditory function into account, such asitang training approaches. Approaches
involving both bottom-up and top down processeshaeen shown to cause changes in the
auditory system that help older adults recognisgteal differences which may improve

their speech understanding (Tremblay, Pikosz & 8pf@02). An example of a currently
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available auditory training programme for whichrthes an increasing research base is the
Listening and Auditory Communication Enhanceme®CE) programme (Sweetow &
Henderson-Sabes, 2004), which is an interactivisvaoé-based program that can be utilised
both in the clinic and in the home. Initial outcesrstudies on the LACE programme
involving sixty-five participants demonstrated sfgrant improvements in all training tasks
as well as on all but one post test assessmenuneeg&veetow & Henderson-Sabes, 2006).
Furthermore, Martin (2007) provided evidence thase who participated in the LACE
programme were four time less likely to return tharing aids than those who did not.

In summary, the findings of the current study adtedor the inclusion of central
auditory processing assessments and rehabilitetedmiques in a clinical setting in order to
ensure the best possible outcomes with regardeetspgeech understanding abilities of older

adults with hearing loss.

4.5 Limitations and Directions for Future Research

The present study has limitations that must baetified when interpreting the results.
Attempts to overcome these limitations provide s@veossibilities that may be explored for
future research. Firstly, a wide age criteria eagployed with regards to the listener group.
Age-related decline in hearing is exacerbated mitheasing age; therefore some of the
variation in results could be attributed to the evage range of listener participants being
grouped together (60 to 87 years). Other stuthaswere able to draw participants from
larger groups have addressed this by further sepgn@articipants into age groups such as
‘young old’ (65 to 75 years) and ‘old old’ (76 t& §ears) (Humes & Christopherson, 1991).
In addition, although it would have been preferdblexclude participants who had a history
of noise exposure or were experienced hearingsedsuthis was not possible in the current

study. It was therefore difficult to control fdre effects that noise exposure may have had on
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hearing loss configuration, and that hearing amlmay have had on the individual's auditory
system. Future studies could address these isgasdefining criteria for participant
selection.

Secondly, there were limitations relating to thsige of the computer-based listening
experiment. Due to the age of the participants)yntead limited experience with computers
and were not comfortable to type their respon3d® task was modified to allow participants
to repeat the sentence orally while an examinerigea orthographic transcriptions. As the
transcriptions were carried out by one individalag reliability is unknown. The participants
were encouraged to check each transcription bgimeeeding but this was at times
hampered by poor vision and auditory memory defickurthermore, although the listener
effort rating component did not necessitate typpagticipants were required to use the
mouse to enter their effort ratings following eatiiase. The task had to be modified in the
case of three participants who had no previousrexpee using a mouse, so they could use
their hand to point to the desired location ongteeen. This required more time and may
have led to limitations in the accuracy of the gffatings. An additional limitation of the
effort rating task was that the starting pointhd slider was at “no effort” on the scale for
each trial (see Figure 3), rather than having daanstarting point. This may have biased
participants towards giving low effort ratings.idtrecommended that future studies utilise an
alternative to a computer-based task for this agaem

Thirdly, the lack of significant differences in thejority of acoustic features between
speaker groups may be explained by limitationgirgldo the age range of the older group
(70 to 84 years). Considering the acoustic anslysor to phrase allocation could have
ensured a more even distribution of the desiredrisland may have provided more acoustic
contrasts in the sample. In addition, more acoulfferences may be evident between the

younger and older speaker groups if the age aitdrthe older group was 85 years and older.
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Furthermore, it may be interesting to use partiipdrom the other end of the scale, as
clinical experience has shown that hearing impadealts have increased difficulty
understanding the speech of children. Acoustidaily may be explained by variations in FO
which relates to the thickness and length of theal/tolds. For example, both girls and boys
around 6 years of age have similar FOs of appraeip@85-295 Hz, which is considerably
higher than the average FOs of young adults, wéwierapproximately 125 Hz in males and
220 Hz in females (Boone & McFarlane, 2000). Youghgdren may also have other speech
and language features that contribute to thisadiffy, such as phonological processes and
vocabulary differences.

Lastly, the current study was limited with regatolshe assessment of factors other than
peripheral hearing sensitivity. The range of CA®I3essment tools was limited to those that
were available at the University of Canterbury $pe@nd Hearing Clinic. In addition, time
constraints limited the number of CAPD assessntbatscould be completed. In particular,
it would have been desirable for each participartomplete a standard AB Words List test
as well as a speech in noise test in order to ertbat information was gathered on a broad
range of auditory processing skills. It may alswdnbeen useful to assess another aspect of
temporal processing, to improve the sensitivityhef assessment battery. Furthermore, in
order to continue investigations on the relativetabutions of peripheral and central-
auditory processing factors to speech understarabiliy, studies should consider making
between-group comparisons of the speech understasklills of older adults with hearing
loss to young adults with normal hearing, and yoadhglts with equivalent hearing loss (or
with hearing loss that is simulated through the afsspectrally shaped masking noise). This
technigue has been used previously (Humes & RqQlII80; Humes & Christopherson,
1991) in order to gain a better understanding efsfreech understanding difficulties of older

adults. In addition, the current study did notirporate measures of cognitive ability such as
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speed of processing and working memory, which Heaen suggested to contribute to the
speech understanding difficulties of older adulean(Rooij et al., 1989, 1990). A general
age-related decline in working memory may conteftotthe increased effort required when
listening to speech containing low redundancy, @sd may affect performance on central
auditory tasks involving stimulus recall, suchttas DDT. Further information on the
relative contribution of cognitive factors could gpa&ined with the inclusion of measures of

working memory.

4.6  Conclusions

This study evaluated the speech understandingnpeathce of older adults with SNHL on
a computerised speech understanding task (corgsistinoth low predictability and high
predictability phrases spoken by young and oldeitadew Zealand English speakers).
Performance was determined on the basis of pegemtards correct scores and the
perceived effort required for speech understandiiig regards to speaker age and stimulus
predictability. In addition, measures of centnadlidory processing were employed to
investigate individual differences in speech underding performance and the relative
contribution of central auditory processing skilss hypothesized, it was found that the low
predictability phrases yielded lower speech undedihg scores and required more effort to
perceive than high predictability phrases. In ddj a relationship was found between
speech understanding scores on the low predidiaphirases and tests of dichotic separation
(DDT and SSW) but not on the test of temporal pseoey (RGDT), suggesting that those
who performed poorly on speech understanding tasl§sdemonstrate deficits in some areas
of central auditory processing. However, it wasno that although speech from the older
adult group required more effort to perceive tHayoung adult group, speech understanding

scores between the groups were similar, which eomntrast to the hypothesis and may be due
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to the similar acoustic features that were pregseboth samples. This study has provided

evidence for the use of CAPD tests and rehabiligaechniques in a clinical setting.
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Experimental phrase list — low inter-word predidlifp(Liss et al., 1998, 2000).

Account for who could knock
Address her meeting time
Admit the gear beyond
Advance but sat appeal
Afraid beneath demand
Amend estate approach
And spoke behind her sin
Appear to wait then turn
Assume to catch control
Attack became concerned
Attend the trend success
Avoid or beat command
Award his drain away
Balance clamp and bottle
Beside a sunken bat
Bolder ground from justice
Bush is chosen after
Butcher in the middle
Career despite research
Cheap control in paper
Commit such used advice
Confused but roared again
Connect the beer device

Constant willing walker

Cool the jar in private
Darker painted baskets
Define respect instead
Distant leaking basement
Divide across retreat
Done with finest handle
Had eaten junk and train
Embark or take her sheet
For coke a great defeat
Forget the joke below
Frame her seed to answer
Functions aim his acid

Its harmful note abounds
Hold a page of fortune
Increase a grade sedate
Indeed a tax ascent

Kick a tad above them
Listen final station

Mark a single ladder

Mate denotes a judgement
Mistake delight for heat
Mode campaign for budget
Model sad and local

Narrow seated member

Her owners arm the phone
Pain can follow agents
Perceive sustained supplies
Pick a chain for action
Pooling pill or cattle

Push her equal culture
Rampant boasting captain
Remove and name for stake
Resting older earring
Rocking modern poster
Rode the lamp for teasing
Round and bad for carpet
Rowing farther matters
Seat for locking runners
Secure but least apart
Signal breakfast pilot
Sinking rather tundra

Or spent sincere aside
Stable wrist and load it
Submit his cash report
Support with dock and cheer
Target keeping season
Technique but sent result

Thinking for the hearing
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Experimental phrase list — high inter-word predidity (adapted from Kalikow et al., 1977).

The flowers were in bloom

We saw a flock of geese

Drop the coin through the slot
The airplane dropped a bomb
The fruit was shipped in crates
The train ran off the track

The girl cuddled her doll

Harry fell down the stairs
Soup is served in a bowl

The sailor swabbed the deck

Let’s invite the whole gang

The landlord raised the rent
Pour me a cup of tea

Wash the floor with a mop
We camped out in our tent

Wipe your feet on the mat

They moved to a new house
Pick a bunch of flowers

He answered the question
In winter time it snows

The pilot flies the plane

The shepherd watched his sheephe princess wore a crown

The scarf was made of silk
The host welcomed the guests
Raise the flag up the pole

The bride wore a white gown

The witness took an oath

The sport shirt had short sleeves The nurse gave him first aid

The storm broke the boat’s mast Kill the bugs with this spray

He got drunk in the bar
Get the bread and butter
Playing cards can be fun

The car drove off the cliff

She took the bus to school

Lock the door with a key

He turned down the offer
The gambler lost the bet

Fill the car with petrol

The workers dig a ditch

Stir your tea with a spoon
The nest is in the tree

She wrapped up the present

The rose bush has sharp thornsThey waited in the queue

She felt hot and bothered

Cut the meat with a knife

The bees swarmed round the hiv8urn on the radio

His boss made him work hard

Drive the car down the road

The fire burned down the house The dog begged for a bone

The hen laid some brown eggs Go to sleep on the bed

The girl brushed her long hair
The boy licked the ice cream

The poor man was in debt
The farmer milked the cow
She got out of the car

He lent me some money
The man wrote a letter
The student read the book

The fish swam down the streamThe ship left on a cruise

The burglar went to jail

Wash your hands with the soap The boy laughed at the joke

Pour water down the drain
She baked a birthday cake




Appendix Il

Tympanometry results.

Participant Right Ear Left Ear
1 Type A Type A
2 CNT* CNT*
3 Type A Type A
4 Type A Type A
5 Type Ad Type A
6 Type A Type A
7 Type A Type A
8 Type Ad Type Ad
9 Type A Type A
10 Type As Type A
11 Type A Type A
12 Type A Type A
13 Type A Type A
14 Type A Type A
15 Type Ad Type A
16 CNT* CNT*

17 Type A Type A
18 Type A Type A
19 Type A Type A

Note: CNT* = Could not test due to inadequate seal
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Appendix Il

Individual participant percentage words correctresdor older speaker (OS) versus younger
speaker (YS) group, and high (HP) versus low ptaditity (LP) phrases.

Participant % Correct % Correct % Correct % Correct
HP Phrases LP Phrases YS OS
1 99.25 91.26 08.22 93.64
2 93.47 58.74 76.63 81.21
3 99.25 86.36 94.38 93.35
4 98.99 96.15 97.93 97.69
5 98.24 80.07 90.53 90.75
6 97.99 88.81 94.67 93.64
7 97.74 94.06 96.15 96.24
8 98.99 90.56 94.67 96.24
9 97.99 88.46 94.97 93.06
10 96.23 66.78 86.69 89.88
11 98.74 95.1 96.15 98.27
12 89.45 53.85 76.92 72.25
13 98.24 90.91 94.97 95.38
14 99.25 88.11 94.97 94.22
15 96.98 86.71 92.6 92.77
16 95.98 80.07 88.76 89.88
17 93.47 63.29 83.43 78.32
18 98.24 87.76 95.27 92.49

19 97.49 87.76 93.2 93.64
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Individual participant scores on Dichotic Digitssi€percentage correct) and measures of the

right ear advantage.

Participant Single Pairs Double Pairs REA
Left Ear Right Ear Left Ear Right Ear

1 92 96 92 92 0
2 88 92 77* 70* -7
3 94 100 96 98 2
4 100 98 97 95 -2
5 94 84* 72* 82* 10
6 100 100 99 100 1
7 95 100 95 96 1
8 65* 85* 57* 89* 32
9 95 100 92 95 3
10 85* 95 83* 90 7
11 90 100 78* 87* 9
12 69* 58* 35* 75* 40
13 100 95 87* 93 6
14 100 100 92 97 5
15 90 95 67* 94 27
16 95 95 94 79* -15
17 25* 75* 2.5% 95 92.5
18 100 100 93 99 6
19 100 90 90 94 4

*= Fall



Appendix V
Individual participant R-SSW scores across listgraanditions.
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R-SSW percentage error score
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Appendix VI

Individual R-SSW scores for the worse competingdtion versus Dichotic Digits scores for
the same ear.
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Statistical analysis revealed a significant negatiorrelation between R-SSW score and

performance on the DDT (r=-0.793, p<0.01), indiogtihat those who made fewer errors on

the SSW scored more highly on the DDT.
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Appendix VII

Individual participant gap detection thresholdsoasrthe frequency range.
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Random Gap Detection thresholds across the freguange (dashed line represents the cut-
off point for pass criterion (20 msec)).



