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ABSTRACT perceive.  This assumption, however, is not universally
accepted. Several authors (3, 4) suggest that if the incoming
Linguistic context is known to influence speech perceptiofuditory signal becomes severely distorted, as is often the case
abilities in adults with normal hearing. Recent reports questidfl @dults with a substantial sensorineural hearing impairment,
the importance of context for adults with a severe-to-profouﬁ@e” the listener may not receive the additional assistance of
hearing impairment. The severe reduction and distortion fPntextual cues. Similarly, while group performance may show
acoustic input may result in the listener perceiving insufficier@l improvement for materials that are high in context, not all
acoustic-phonetic cues to allow access to higher level linguistfedividuals may demonstrate this improvement. Investigation of
processing. To investigate this further, a detailed study of tffa€ variability in contextual processing across participants may
speech recognition of adults with a severe-to-pnafbhearing be usefullln unde.:rstandln.g this aspe;ct of speech pe.rceptlon and
impairment N=34) was undertaken. A series of aided Speedpprhaps, in showing how it could bg improved. .Possmle reasons
recognition tasks, sequentially examined the different levels (f PoOr use of contextual cues in adults with a severe-to-
processing in the speech perception chain. The investigati®fpfound hearing impairment are the degree of distortion
concluded that the effects of severe-to-profound heari ecting the ~acoustic input and/or less efficient linguistic
impairment did not reduce the listener's ability to takd'ocessing abilities.
advantage of contextual cues. There was, however, wide .
variability between participants in the utilisation of contextualléan scores can be used to make comparisons between one type
processing. This indicates that to estimate “real-life” speeéﬁ test and another, but are limited in demonstrating the use of
perception skills, an evaluation of contextual processing abmgpntextual information or in comparing across studies.
is required. oothroyd (5) and Boothroyd and Nittrouer (1) proposed a
solution through the use of predictions from probability theory.
Two values K and j) were used to describe the effects of
1. INTRODUCTION context. Thek factor relates to the proportional increase in
. . . channels of statistically important information available in the
Different tests of speech perception vary in the amount gimjus (1). For example, Boothroyd and Nittrouer (1) found a
contextual cues offered to listeners. As we proceed from teStSRO{/alue of 1.3 for recognition of known words compared with
;s,egtment:al p?Lceptlon, to testsé of Wor_d rer(;ogn!tl?n, an? then { nsense syllables, indicating that the influence of lexical
ests where thoseé same words are Inserted Into Sentences figayt js equivalent to increasing by 1.3 the number of
zgoyor\l:/ec:fae:]\aall:%ti:goﬁc;r:]tteggg ;?ngérgsatt;%r\;v |anerl?e;seec;sF.)leC|;gf§g&%mels of statistically independent information in nonsense
M - bles. Similarly, thg factor is the effective number of
speech based primarily on acoustic features. Tests of open§gjisiically independent parts within a whole. For instance,
word perception examine how listeners use the availa othroyd and Nittrouer (1) found that CVC words of three

acoustic trace to withdraw word meanings from their semantiorent phonemes/parts were perceived as if they contained

system (1,2). As conversational speech involves the perceptm%%zls independent parts. Consequently, by using probability

of words embedded in sentences, open-set tests of sentefieeyy it is possible to obtain a quantitative estimate of the

recognition examine the effects of syntactic context, CQygijitative effects of context, which provides more information
articulation, and prosody. Additionally, investigation can takg,n reporting the mean difference between scores.
place into contextual factors beyond the stimulus sentence.

These factors could include prior knowledge of the sentenge summary,
topic and/or by making each sentence within the list related as
a narrative. A well-chosen test battery allows the investigatiq
of each level of speech perception, and the relationship betweg
them.

) the aim of this investigation is to examine two
lestions. Firstly, does a severe-to-profound hearing
airment affect a person’s ability to extract contextual
rmation? Secondly, if contextual processing does occur, is it
uniform across participants and therefore predictable?

From these assumptions, it appears logical to assume that test
materials, high in contextual information, should be easier to



2. METHOD It has previously been assumed that the perception of consonants
and vowels was predominantly a non-linguistic task, which does
. not involve a significant amount of higher order processing. A
2.1. Participants significant effect §p<.0001) was found for the number of
) . ) i responses for a particular consonant and its frequency of
Thirty-four participants with a severe-to-profound sensorineurgl.crrence in English. When in doubt, the participants were
hearing loss (PTA = 61-98dBHL) participated in thiSpore jikely to guess the more common consonant. For example,
investigation. ~ All participants used oral language as thejfihe participant identified the consonant was a nasal, but could
primary means of communication. All wore currently fitted,qt jgentify place information, they were most likely to select
hearing aids, which adhered to the NAL-R prescription (6) §fe /n/ nasal, as it is the most common in English. Therefore,
verified by real-ear measurements and an SPL-o-gram. tests of acoustic feature perception should not be compared
. across languages or populations without taking into account the
2.2. Materials effects of phoneme frequency. Similarly, perception of the
features of duration and formant locus in the case of vowels, and
The speech perception materials used in this investigatienicing, manner and place for consonants may interact to reduce

consisted of the following speech perception test lists; the possible set. For example, the correct perception of one
feature, such as nasality, reduces the potential set from 24 to 3
* Closed-set test of the 12 vowels of Australian consonants. The potential set depends on what features were
English. perceived and the language of testing. Consequently, these
e Closed-set test of the 24 consonants of results suggest that acoustic perception has some previously
Australian English. unreported metalinguistic  processing assisting  correct
«  Open-set test of word recognition (CNC) (7, 8). identification. ~ Additionally, care should be taken when
+ Open-set test of sentence recognitiortJKY) comparing speech perception across languages because of
(9). differences in phoneme frequency.

* Connected Speech Test version 2 (CSTv2) (10). ) )
From the scores for consonant and vowel perception a predicted
Tests at the sentence level were also conducted in backgro&rdC word score of 68.5% was obtained, cgmpared with the
noise (four-talkers superimposed) to replicate environmengrticipants actual mean score of 75.2% (11). This
more typical of everyday listening conditions. An Australiafimprovement in score over the prediction was also noted in that

male speaker pre-recorded all materials on CD. 30/34 participants’ actual CNC phoneme score was higher than
their prediction. A Mann-Whitney signed rank test confirmed
213 Procedure that there was a significant differencp<(5) between the

predicted and actual scores. This indicates the facilitative effect

of using the lexical and phonotactic rules to assist phonemic

All test materials were presented via loudspeaker in the fr %rception. Additionally, it showed that monosyllabic word

field. The loudspeaker was located one metre away from t@8qreq could be predicted from the segmental tests with an
participant at ® azimuth. The materials were presented & jlowance for lexical effects.

70dBSPL (peak level). Where appropriate, background noise

(four talkers superimposed) was presented from the samgyijarly, it was hypothesised that not all of the phonemic or
loudspeaker. A period of practice was included within thg.qstical information contained in a test word is required for
design as well as a random order of presentation. This reduglect identification. The results for phoneme and word scores
the effects of practice and test order. were further analysed to determifieand k values (1, 5).
Comparisons between the phoneme score and the word score
3. RESULTS AND DISCUSSION indicating a k value of 1.3 indicating that the effect of
embedding phonemes in known CNC words resulted in an
A previous article (11) reported the mean scores and standaémdrease in the number of statistically independent channels by
deviations of this group. The focus of the present discussi®@%. Alternatively, although CNC words consist of three parts,
relates to the integration of these findings and an examinationtbg lexical effects reduce the effective independent parts to 2.49
contextual effects. The results indicated that at each level @fvalue). Consequently, access to the lexical form of the word
acoustic processing there was a significant effect for context. increases the possibility of the word being recognised. More
importantly, thig value of 2.49 was consistent with the result of
Closed-set tests of vowel and consonant recognition assessed2tkd® for adults with normal hearing (1), 2.54 for adults with a
ability of the acoustic analysis system to perceive acoustigild-to-moderate hearing impairment (17) and 2.57 for cochlear
features. Performance on both of the segmental tests vieplantees (18). Consequently, the type or degree of hearing
primarily explained by factors relating to audibility. Errorimpairment does not appear to effect the ability to process
patterns were largely predictable from acoustic features andntextual information.
consistent with previous reports (12-16). For perception of
vowels, the features of duration and locus of the first formarts discussed previously, testing of words in sentences aids the
were well perceived with perception of the locus of the secorrdcognition of the individual word. This is facilitated by the
formant being less well perceived. For consonant perceptidngrease in linguistic information now available to the person
voicing information was transmitted well with decreasedvith a hearing impairment. This increase comes from the
transmission for manner and especially place. addition of syntactic, semantic and pragmatic information. It
was hypothesised by some researchers that adults with a severe-



to-profound hearing impairment would be unable to access tl#¢udies have found that people vary in the time it takes to
information (3, 4). Fortunately, the results of the present studygclimatise (22). It may be that people who show a larger no-
found that participants with a severe-to-profound hearingpntext/context test difference may be quicker at acclimatising
impairment were able to take advantage of linguistic cues atmla new device. Conversely, people who show little difference
contextual processing across a varied range of speech percephietween conditions may need extra time allocated in the clinic
measures. The presentation of words in sentences resulted fiorarehabilitation and acclimatization. These assertions, not
70% k= 1.7) increase in the number of statistically independeassessed in this study, require further investigation. The more
channels available to the participant. linguistic information made available to the participant the
better the performance on each test of speech perception.
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Figure 1: Comparison between the k values (CUNY comparec OCUNY 1 4 7 10 13 16 19 22 25 28 31 34
with CSTv2) at each signal-to-noise level. m CSTv2 Participant

As expected, the increase in context available with the CST¥gure 2: Comparison between CUNY sentences and CSTv2
sentences, where the sentences are related not only to a ceseatences at +5dBSNR showing the wide degree of variability in
topic but also to each other, is considerable. Comparisoperformance between participants.
between the CUNY sentence lists and the CSTv2 paragraph
pairs found that a decrease in signal-to-nose ratio from
+15dBSNR to +5dBSNR resulted in an increase in the use of 4. CONCLUSION
contextual information (Figure 1). Additionally, thevalue
showed a consistent increase from 1.3 for tests of wordhe results of the present study demonstrate that adults with a
perception, to 1.7 for tests of sentence perception to over 2.4 §@vere-to-profound hearing impairment continued to take
contextually related sentences. Consequently, contextwlvantage of contextual cues in a variety of speech perception
processing appears to increase, for this population, not only agsessments, across many levels of speech perception. Hence,
the tests become increasingly linguistically based, but also as theor residual hearing capacity does not diminish the potential
acoustic conditions deteriorate with background noise. It for later lexical and/or contextual processing. As expected
important, however, to note that this improvement with contexontextual and linguistic processing of the speech signal is
was not uniform. Figure 2 shows clearly that some participargéeater in tests with a higher linguistic load. Additionally, the
demonstrated large gains in information transmitted with theéproved performance of individuals as the tests became more
addition of contextual cues whereas other participants showeenversational indicates that traditional tests of speech
little or no improvement. Additionally, this variability was perception may underestimate “real-life” speech perception
independent of pure-tone average and the other speeiilities.
perception tests. Therefore, if we wish to estimate a person’s
“real-life” speech perception skills then we need to begin tbhe variability observed between participants shows that people
evaluate the effects of contextual processing in quasi “real-lifgliffer markedly in their ability to use contextual cues. This may
communication situations. help account for the clinical observation that some adults report
very different abilities in understanding speech in their normal
This variability in performance may reflect differing communication environment, despite identical audiometric
metalinguistic skills between listeners, which are not assesseehfiguration. ~ Through the continued development of
using conventional speech perception measures. The differegoatextually based assessments researchers may learn more
between traditional and context laden tests of speech perceptidrout factors, other than audiometric information, that help
may be predictive of this ability to adapt and/or cope with grediction of speech perception performance. Additionally, the
substantial hearing loss. Additionally, this may assist thebility to estimate the effect of contextual skills may assist in
clinician in determining how well a person will adapt to araural rehabilitation following the fitting of an amplification
amplification device. Irrespective of whether the device is a#evice or cochlear implant, in terms of predicting the amount of
externally worn hearing aid or an implantable prosthesis, bottine required to acclimatise.
devices may require a period of acclimatization (19 — 22).
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