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Abstract

This studyevaluate whether core vocabulary intervention (CVT) improgedyle
word speech accuracy, sistency and intelligibility ifour 9-11 yearold children
with profound sensori-neural deafndited with cochlear implants aror digital
hearing aidsTheir speech was characterised by inconsistent production ofefiffe
error forms for the same lexical iteffihe childrerreceived twice weekly therapy
sessions for eight weeks. Fifty target words were drilled and changesiucpon
assessed for accuracy and consistency. Generalisation of consisacg@macy was
assessed on ndargeted words. There were four assessipeints six weeks pe-
therapy; immediately before therapyimediately followingtherapy and six weeks
posttherapy. In addition, ten unfamiliar listeners judged the intelligibility of audio
recordings of the children’s speech before and after thefdq@ychildren’s consistency
and accuracy of single word production improved follon@\gr. Consistency
generalised tontreated wordsSentencentelligibility ratings improvedand more
target words wre identified after therapyl'hese case studies suggest that @\&Fits
furtherinvestigation as an effective intervention approactdéafchildren, enhancing

consistency, accuracy and intelligibility of speech.

KEY WORDS: Core vocabulary therapy, hearing-impaired, dessfeech

intelligibility, speech consistency, listener feedhawctervention



I ntroduction

Deaf students’ speech intelligibility esucial for oral communicative competence
(Marschark & Spencer, 2006and social development (Most, 2007 pwever few
studieshave evaluated specific interventions to enhance the speech intelligibility of
childrenwith prelingual, profoundleafnessSome intervention approachesget
impaired articulatiorat a phonetic levedk.g., electropalatographlantelemidou,
Herman & Thomas, 2003; ultrasound, Bacsfalvi, 200@herstudies focus on
phonological knowledgthatunderpins the acquisition of both speecklimgibility and
literacy (Thonson & Goswami, 201Q;eybaert2005). Wre vocabulary therap{CVT),
designed for hearing children ma§ inconsistent speech errotarges both
articulatory and phonological aspects of word production (Dodd, Holm, Crésbie,
Mclintosh, 20D). The casstudiesreported here evaluated whether the poor speech
intelligibility of four childrenwith cochlear implants and/or hearing aids would be

enhanced bZVT.

Characteristics otleaf children’s speech productishills

Since the days of early research characterisiagffecs of deafness on spee@h.g.,
Hudgins &Numbers, 1942), technological advances sucloelslear implanthave
lead tosignificantimprovementsn theintelligibility and language of deaf speakers
(Marschark &Spencer, 2006).or exampleBlamey et al (2001) monitoredhe
conversational speech of nine children from when they received their impé&nwisen
2-5 years untiaged6-11 yearsThe final assessment revealed tit&t number of
intelligible words per utterance had increased from 3.6% to 80.8%, daspitzease

in sentence complexityeflecting great accuracy in the productiomainophthongs,



diphthongs and consonants. Although speech acquisition was incomplete six years post-
insertion indicating slow development, there was no evideri@eplateau in
performancdibid). Tobey, Geers, Sundarrajan and Shin (2011) assessed 110
adolescents with cochlear implaats8-9 years and agamt 15-18 years to identify
factors influencing speech intelligibilitfParticipant, family, and performance measures
at the first assessment predicteghrovements irspeech accura@t the second
assessmenthe most important influences on adolescents’ speech intellighviitg

the extent to whiclparticipants'relied on oral communication and their usesbbrter
sentence(Tobey et al 2011). Asimilarfinding emerged from aimvestigation of the
speech intelligibility of 17 children with cblear implants, age#t11 yeargKhwaileh

& Flipsen, 2010). fagle word and sentence level intelligibiliyerelinked to the

extent of cochleamplant useaather than age at implantation.

In contrastDe Raeve (2010) reported thiieintelligibility of connected speech was
related to age of cochlear implantation. Childreceivingimplants after 23 months
had loverintelligibility thanthose implanted before 18 montMarschark and
Spences (2003)reviewconcluded thateceiving a cochlear implant at a younger age
leads to higher levels of communication skills whilata age of implantation is

associated with negative longrm speech andnguage outcomes.

Despitethe benefitof cochlear implant$or profoundly deaf childrerQuellet and
Cohen’s (1999) review emphasised great variability in poptant performance for
speech intelligibility, vocabulary and sentence strucfaaetorsaffecting outcomes
included age of onset, degree of hearing lestent of amplification experience and
type of intervention (Khwaileh & Flipsen, 2G10uellet & Cohen, 1999 The data
reviewed suggests that speech intelligibility remainssuefor some childrerwith

cochlear implantsThe proportion of children having poorer outcomes after cochlear



implantation, however, depends on the population stu@ieddren fitted with hearing
aids alone alsbave a range of speech intelligibility outcoma¢hough thesare
typically less positive than those of children with cochlear implants (Lejeune &

Demanez, 2006).

Interventiors targeting speech

Traditional interventions to establish spoken language focus on the phonetic level, i.e.
thearticulation ofsingle soundsthen on phonology, i.e. use of sounds contrastively in
meaningful wordgLing, 1984). For example, four adolescents with moderate to severe
deafnesseceived 14veekly, 30 minute, individual sessioasing instrumental

feedback. Treated consonant accuracy improvegbbycompared td 5% for
untreatedsounds. Beech intelligibilitywas not measured and no lotegm follow-up

data ommaintenance of gaingas reporteqBernhadt, Gick, Bacsfalvi & Ashdown,

2003). Asingle case studgf an 18 year-old deaf client uselgctropalatographtp

target accuratalveolar plosive production (Martin, Hirson, Herman, Thomas & Pring,
2007).The statisticallysignificant gainsnade measuregberceptually and
instrumentallyfollowing six bi-weekly hourtong intervention sessiongjere

maintinedand generalisetb untaught words. A review of intervention focusing on
phonetic targetsising electropalatography and/or ultrasound, however, fthend

evidence base to tenited (Vuckovich, 2007).

An interventiontargetingphonology Massara& Light, 2004) traineckight 610 year
old deafchildren to identify and produce 24 vocabulary items using residual hearing
and lipread cues presented by a computerised ‘talking h8aadlents also read and

wrote the words. The students received 18 twice weekly 30 minute sessions. Children



learned72% of the words receptively and 64% expressiveith learning retained four
weeks after therapy ended. No measures of generalisation to sged#ichuiity were
madeCore vocabulary therapy (CVT) combines both phonological and articulatory
cues to teach the intelligible production of words of high functional importance for
children, their families and school classroo@Bnical intervention trials indicate that
CVT successfully targetsconsistent phonological disordarhearing childrenA

review of the evidence for CVT with hearing children (Dodd, et al., 2010) included
case studies, group comparison of children with different types of speech disorder
(consistehand inconsistent errors) receiving different intervention programmes (CVT
and phonological contrast) and a randomised control trial. The results indicate that an
approachargetng both phonetic and phonological aspects of word produeatbreve
intelligible speechusually after eight hours of intervention (twice weekly, 16, 30-
minute sessions). The logrm goal of therapy is tie@ach children to plan consistent
production of the sequence of phonemes for specific lexical items. Childrengiredau
set of 50-70 target words selected for their functional value to the chiidfaihnly

and school. Clinical research suggests that once a threshold level of words has been
taught, consistency and accuracy of production generalises to untaught @rodige(

Holm & Dodd, 2005). The methods section dstdie components of CVT.

Experimental studies comparing hearing children who make inconsisterstwittor
those who make consistent errors indicated different profiles of speech processing
strengths andreaknesses (Dodd, 2014). Children whose speech is characterised by
non-developmental consistent errors do poorly on cogrlitigexstic tasks (e.g.,
phonological rule derivation, phonological awareness, literacy). In contrastechil
making inconsistent errors appear to have a phonological assembly difficulty, i.e. i

consistently selecting and sequencing the phonemes that make up a word. While the



nature of inconsistency has been well described, both theoreticalliraondlly, little

is yet known abuot the nature of inconsistency in children who are hearing impaired.

The trigger for the current studyas provided by @ech and.anguageéherapiss
(SLTs)working in schools with provision for deaf students. They reported C&8T w
useful when working with children wkespeech intelligibilityhad plateaued following
therapy that adopted traditional approaches in targeting specific phonemesdionsola
and in words (Martin, 2009, personal communication). The theoretical rationale f
usingCVT for this studyis thatprelingualdeafnessnightlead tointernalphonological
representations of wordsathare incomplete or inaccurate. In additithre ability to
implement the phonetiglanfor a wordfrom an intact representation maylbeited by
poorsel-monitoring of speech outpunhconsistent and/or erroneous word production
would arise from both deficits. CVT targets the underlying phonological repatisent
of words, ensung that the client is aware ahd can articulatall speech sounds in a
specific word in the correct sequence, consistently. Once a word’s best odhact
been elicited, it is drilled in single words, carrier phrases and sentencelspiley the
ability to assemble phonology and plan the phonetic program from a word’s intact
mental representatiqe.g.,Dodd et al., 2010)The importance of practice to

automaticity has previously been emphasised by Perigoe and Ling (1986).

Resear ch hypotheses

The research questions concern whether CVT can indfeasecuracyf sounds in
words in order t@nhance the speech intelligibility of fodeaf childrenWhile the
children attendethe same school, they had different hearing histories, language

exposure, communication methods and motivation.



It was hypothesid thatthere would be a significant increase from pre-therapy to post-

therapy measures after CVT

o In Percentage Consonants Correct (PCC) and Percentage Vowels Correct (PVC)
for wordstargeted irCVT therapy and

) For PCC and PVC in notargeted therapyords in the Diagnostic Evaluation

of Articulation and Phonology Inconsistency Subt&AP: Dodd, Hua, Crosbie,

Holm, & Ozanne, 2002);

o In consistency of production efnglewords targeted in theranda set of

control words not targeted in therapy

) In the intelligibility ofthe children’s speech, measured by listeners’

identification of single wordiarges and listeners’ comprehension of spoken sentences.

Method
Participants

Table 1 presents individual participant dathe childrerattended a mainstream
primary school with a resource centre for deaf pupigalflCommunication (gn
Supported Bglishand Bitish Sign Languaggwas used consistently. Each child

received weekly specialist speech and language therapy

InsertTable 1here



Listenes

Tenlistenersratedthe participants’'speechntelligibility . Threeweremale andseven
werefemalewith an average age of 22 years (range 18e293. None of thdisteners

knew the participantsr had anyrainingin phonetics or experieneath deaf speakers

Materials

1. All children were initially assessed on the Diagnostic Evaluation of Articnland
Phonology (Dodd, et al., 2002), administeagd score@ccording the assessment's
manual. Participants completed the diagnostic s¢rekith indicated whether they

should receive the consistency and oro-motor subtests. All children had inconsistency
scores of greater than 40% at that initial assessment. If a child’s irteocgiscore is

40% or more, they are diagnosed with inconsistent speech disorder based on
inconsistency data from typically developing and undifferentiated spesafueied
children. None of the participants performed poorly on the oro-motor assessment,
indicating that no apraxic or dysarthric characteristics werepteSubsequent
assessments included the consistency and phonology subtests from the DEAP to gain
measures of both consistency and accuracy (PCC, PVC and percent phoneroes corre
(PPC). The four assessment points were: 1) six weeks prior to therapy, &jiatety

before therapy, 3) immediately following therapy and 4) six weeks pastpyhe

2. Therapy Resources. Each participaateived a CVT homework book tHeted
currenttargetwords, represented in written words and pictufé® parents and class

teachers were provided witheir child’s best production acfachword, e.g. MA’s best
production of /rules/ wasi{l], therefore the English sliieg ‘roo’ was provided for

ease of interpretatio®\ board game with dice, a counter and letter cards was used

during the drilling sessions to encourage repetition of target vocabulary.
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Parents and teachers complegepost-therapy questionnaireinat their experience of
CVT including the amount of practice they had offered the children and the progress

they observed.

Intervention procedure

Beforethe start of interventigraccording to CVT protocol, approximately 85 words
were collected from eaathild, their parents and teacheFifty were selectetbr

targetng in therapy,ensuring inclusion of educationally and socially important
vocabulary as well asordsthe childrenwantedto say betterenhancing motivation.
Thetaughtvocabularycontaineda variety ofphonemes, syllable shapes (CV, VC,

CCVC, CVCC) andvords of more than one Iigble. Tenuntreatedprobe words were
matchedo target worddor syllable length and complexitp monitor consistency

during intervention. Probeords were elicited three times in separate teakry

second session. Children were presented with pictures of the probe words and had to
name them. Thisccurredthree times within the session, eactasiorseparated by
another activity. Weo recorthgs were made tensure accurate transcriptidrhese

data were only angded for consistency, not accuracy, to detect when generalisation of

consistency occurred,

Participantswere offered 16 twice week$B5 minutetherapysessionsluring the course
of the studyln the first weekly sessigeach child randomly selecté@ target words

for that weekrom abox containing all 50 target§ he child’s best production was
elicited for each of these 10 words by breakimgword downinto separate syllables,
and syllables into separate soundse @hmwas not theaccurate adult pragttion of

each wod but the child’destpossible production. When the correct production could

not be elicited for a sounddevelopmental error used by typically developing children
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was accepted, e.qg. [t] for /k/; [b] for /bl/; [w] for /&ued Articulation (Passy, 1990)
wassometimesusedto elicit participants’best productionsf words as it had been used

in previous therapwith these participant€VT allows the use of any cues (e.g.

Prompt, finger spelling, written letter sequences, cuecliéation) to elicit a child's

best production, irrespective of whether a child is hearing or hearing impagastd. B
productionsvereidentified andranscribedthenpractsedin games to establish
consisteny. This is acrucialcomponent o€CVT. When the best production is not used,
listeners (clinician, parent, teachers) say “That is not the way we say ienkter?” If

it is still not produced, then cues are given about the phonological structure of the word
(e.g. number of syllables, the sounds in the first syllable, and other syllables. When a
child uses their best production, they should receive positive feedback, specific
about the word's sicture, e.g., “You said that word just right. It had a 's’ at the
beginning and a 'n' at the end. People would understand you when you Jaudr.

was an emphasis on the child actively remembering the production patternthrather

imitating words.

In the second weekly sessj@elected words were drilled in gamé&hildren
consistently produced their ‘best productioneakch target wordt least 20 times
Oncethey could produca particulamword consistentlytestedat different points
throughout the session), the word vadlscated to a “Words | can say well” pile on a
visual chart. Words pratted inconsistently were alloeatto a “Words | need to
practise” pile Words that had beatrilled were revisited the following week teview
their consistency: any words that children struggled to say consistendyplaeed
back into the ‘wordox’ to betargeted another weekt the start of therapyhildren
were asked what they wanted to receive as a rewardemedreminded of this during

therapy. Childremeceived their rewardnce therapy was completed.
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The implementation of CVT witheaf participantpresented a number of challenges.
The studentherapis$ carrying out the intervention uskedsic SSEo support the

children’s understanding of the presented activitieaddition,visual explanations

using pictureslemonstrated what was expectBde to limitations in staff availability

it wasnat possible to have an experienced signer or Teacher of the Deaf (TOD) attend

therapysessios.
Homework carried out by parents and teachers

Homeworksheetsand classvork sheetswere used to liaise with families and teachers.

It was essential fochildren to practise their words outsithe therapysessions to

develop consistency of word productiarsdpromote generalisation. TraditiomaVT
hasincludedthe parent/carer being present at every seskiowever,n the current

study, this was not possible for parents. The homework sheets provided a detailed
breakdown about hovo carry outCVT homework practicevith their child Parents

were advsedto help children practesfor at least 10 minutes every day. The sheets also
provided a checklist for parents to mark off when they had finished pngctisch
weekandtheywere encouraged to provide feedback or make comments on their child’s
production of the target words. Where parents were unable to support their child,

another family member was enlisted.

Teachersvere familiar with the use @ued Articulation and had received training
from theSLT in its implementationThe class sheets contained information on the
specific wes used in the session and advised teaching staff to encourage tbg child
usingcues that helped to elicit their best proglon of the target words. Children
pradised their wordst leasthreetimes a week during literacy lessons with support

staff.
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Listener ratings

For the purposes of listentelligibility ratings, a 30 minute audio recording was
presentedndividually to 10unfamiliar listenerslt compised80 sentences, 10 spoken
by each of thdour participantsontwo occasions, before andt@fCVT. The last word
of each carrier sentence was a wiandjeted irtherapy(see Table). The order of
sentences amaf the children producing émwasrandomised. The listeners could only
hear the children speaking; no visual clues (signs or lip patterns) were préMided.
recordings were made in a quiet room using identical recording condEacis.
sentence was presented twice hstgénerscould request a third presentatidime
listenerswere asked to a) idefgiand write down the last word in each sentence (1 =
correct identification of whole word, O = incorrect), and b) rate the overalligidity

of each sentenaen a four point scale of understandidg (othing;2= part 3= most;

4= entiresentence

Insert Table 2 here

Reliability

Reliability of coding was assessedtlp raters independentjyhonemically
transcribing the 50 words from video of the DEAP pHogyp assessment for each
participant If the phonetic variation was within the phonemic category of the target
phoneme, the realisation was counted as correct. The transcriptions were ddmpare
number of correct consonants and vowels present in relation to the target word.
Transcriptions were highly correlated (0.939, p<0.001) indicating highriater-

reliability.
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Results

Thequantitative and qualitativéata collectedvere used tevaluate the effectiveness
of CVT for the children’s speech intelligibility, consistency and generalisafion

therapy. Below we present the study findiagggach of théour assessment points.
Baseline comparisons

Table3 presents the scores obtained for the two DEAP assessments carried out at the
two pretherapyassessment pointall children hadmore accuratgowel than

consonant production and exhibited inconsisteat@level indicative of inconsistent
speech disorder. Sl and DBRdthe highest levels of inconsistenshile S| and MA

made moreorsonant and vowedrrors DK achieved thdéighestPCC and PVC scores

and also had the lagtlevel ofinconsistencyAll children showed small positive
changest the second assessment point, Withmeardifference scores for consonants
being +6% for vowels 8.5%; and for inconsistency -15%hesechangs probably

reflectincreased familiarity with assessors, procedure and stimulus items.

Insert Table 3 here

Comparing pre and post-theraggores

To investigate whether or not therapy was effective, the mean of tHeEAB pre-
therapy scorefr each ofPCC, PVC and inconsistency were compared to the
immediate postherapyscoreqsee Tablel). All children showed positive changes
post-therapy, with the mean difference scores for consonants being +10.3%; vowels

+10.8%; and inconsistency 40
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Insert Table 4 here

Individual differences were appare8l.increased consistency of word production by
28% but accuracy changed little. MA improved his vowel accuracy by 20% and
consistency by 24%K’s consistency increased by%out a&curacy gain was

limited. DB gained only 14% in consistency ladcuracyimproved for both consonants
(17.5%) and vowels (17%iven that ore vocabulary primarily targetonsistency of
production, it is not surprising that all four children showed gainsthesapythat

exceeded their prierapy change.

Maintenance of therapy

To explore whether benefits from therapy were maintained after therapy had eeased
comparison was made of the immediate ftbstapy DEAP scores and those obtained

6 weeks later (see Tal. By the maintenance assessment point, the mean positive
difference score for consonants was +4.2% and for vowelsiffli8ating that speech
accuracy wasnaintained Change in inconsistency varied: one child bex & less
consistent, one made no change, one improved consistency by 12% and one by 32%.
Two of the children had consistency below the diagnostic criterion of 40% of the
DEAP (Dodd, et al., 2002). For the group the mean decrease in inconsistency between
the combined préherapy assessments ahd final followrup assessment was 30.5%
(range 2046%). Although statistical analyses should be treated with caution for such a

small clinical sample, a paireddst was significant (t (2) = 7.1813, p < 0.02).
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Insert Table 5 here

Generalisation to untaught words during therapy

Every second week, children named ten untaught words matched for phonological
complexity to ten of their target words. There was a 30% decrease in inqursiste
between sessions three a®len for two of the children: SI from 80% to 50%; MA
from 70%to 40%. Consistency data for the other two children waevailable as one
studentmislaidher data PCCaccuracyimprovedbetween sessiarthree and seven for
three of the four children: MA 259K 31%; DB 15%, buttherewasno change fo&l

with a3% gain

Listener ratings

Results of listener ratings of sentence intelligibility and listener identificatiter gét
words are presented in TalflePaired t tests showed that seneeimtelligibility ratings
(t(9)= 8.44, p=<0.001) ad word identification (t(9)=5.10, p=0.00djere significantly

higher posttherapy.

Insert Table 6 here

Parent and teacher questionnaires

All four class eaches reported that thehad practised three times per week with each
child. They not¢dthatchildrenshowed beefits by becomingnore intelligibein class

and more confidenwvhenspeakingor reading aloudt school. One teacher mentioned
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that shenow felt more confident in her ability to correct children’s speech errors

appropriately following the intervention.

Parental feedback questionnaires were returned by two of the four childrearisspar
One mother reported that she had practised three times per week with her child. The
other parent had only practised at weekends. Both repsatesfaction with the therapy
their child had received and felt that there were noticeable improvements in their
children’s speech. One parent requested that further CVT therapy should be. offere
Foranother child (DB), it was evident from speaking to him that although he had

practised his target words regularly at school, practice at hachbeersporadic.

Discussion

Clinical trials indicate thaCVT is an effective interventiofor hearing children who
makeinconsistent speech errors (Dodd et al., 20L¢.evidence base includes case
and group studies, as well as a randomised control trial. This paper presents the first
evaluation of CVT with a small group of deaf children, the first step of the devefdpm
of an evidence base for a particular apgioto intervention (Robey & Shultz, 1998).

All children made significant improvements in their speech intelligilplitsttherapy

In addition, change was evident when measured by listener ratings ofibiiéhi and

word identification and more informally from parent and teacher report.

Importantly, there was evidence of generalisation to untaught words and gains made
were maintained six weeks after therapy had entleel CVT described in this study
specifically targeted single word speech accuracy. Nevertheless, the higitsr ot
sentence intelligibilityposttherapyusing listeners who were unfamiliar with deaf

speech aredicative of gains extending beyond the single word level.
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Speech characteristics prior to therapy

Initial DEAP assessment results indicated that all childrade inconsistent speech
errors Theyhad been referred specifically because they had reaghiattau in their
speeclhdevelopment with traditional therapy, suggesting their spe@sihesistant to
changeThe fourchildren’s inconsistencgcores were surprisihghigh (range 40-

80%) for a group of children with hearing impairment who had received intervention
over many yearsAlthough the second pitberapy assessment shovgeinedecrease

in inconsistency, all four children’s scoma®t criteria fora diagnosis of inconsistent

speech disorder (Dodd et al., 2002).

It is surprising that inconsistegpeeclproduction of the same lexical item has not
previously been reported in the literature for deaf children (e.g., Tebal;, 2011).
Indeed, descriptive studies usually report deaf children’s speech errorsygidiaatic
(Parker & Rose, 1990) and to respond best to phonological rather than phonetic
intervention approaches when these have been compared (Paatsch, 8Banagt
2001).Thecurrent results indicate that even at the single word level, many lexical
itemswere pronounced differently on repeated production, affecting listeners’ ability t
learn how a child says a particular word. It may be that the inconsistenhsjabee
children is atypical of primary schodéafchildrenfitted with cochlear implants
Alternatively, given that most speech assessments only require childegretch test
item once, consistency of word productismotoftentested and may have been
overlooked due to the use of assessment measures that focus on phonetice®pertoi

andseverity measurelly counting errors.

Vowels were less prone to error theonsonants, reflecting previoressearcton

phonological acquisitionf deafchildren(e.g.Hudgins & Numbers, 1942). The
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percentage of consonant errors made by the four children studied varied: two were
the severe rangeith fewer than 50%orrectconsonants, one moderatsevere (50

64%), and one moderate (65%paccording to Bowen’s (2013) criterihe wide
variationshown in only four children probably reflects variation in factors such as age,
language learning background (two were bilingual), age at implantation, means of
communication at home and school, and support in the UsEadhg aids and cochlear

implants(Marschark& Spencer2006).

Response to CVT

The results indicated reduction in inconsistenayith threechildren attaining scores

or below the threshold of 40% criterion for diagnosis of inconsistent speech disorder.
One child, who continued to show 56% inconsistency, may benefit from further therapy
focusing on consistency of production given that he was absahtéasessionsCVT

not only reduced inconsistency in the participating deaf children's word production, but
also led to improvement in consonant accuracy although the mean improvement
between the combined ptieerapy assessments andfihal follow-up assessmemtas
limited (15%) omparedo that of three hearing children (33%) (Mcintosh & Dodd,
2009).Nevertheless, by the final assesamene child could belassed as mildnd

one as moderatnd even the two wiseaccuracy remaineit theseverecategory

showed improvements of 14% an®4t PCC. Vowel accuracy remained relatively

constant across assessmewtt) severity of impairment in the mild to moderadmge.

The improvedntelligibility ratings and identification of target words in sentences
suggest that the impact of CVT on communication was greater than migledieted
by consistency and accuracy scores. Pertigpacceptance and reinforcement of

developmental speech errors aided listener comprehension despite words not being
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accurate. Tis intervention strategy mighnave contributed tmaintenance and a trend

for continuing improvements at the final follewp assessment.

CVT is inherently motivating because children, their parents and teathg@npactive
role in selecting theargetvocabulary and in practising outside of therapy sessions. All
children practised their target words regularly in school aja/ed the therapy
sessions, particularly when they became aware of the improvements in teeir apd
when others commented on their progress. However, outside school, regular practice
was only confirmed for 1 child, was occasional for 2 children and information was
missing forthe fourth child, whose parents spoke little Englisévertheless

observable progress was made by all participants. By drilling a subktantiber of
words intensively to achieve each child’s best production, children’s prgpoallo
representations were stabilised and their intelligibility improvée progress made,
then, might be considered clinically significant. Even in the absence of largargains
consonant accuracy, consistency of word production allows listeners to learn how

children say particular words, enhancing communication (Bernstein-Ratner, 2006).

Implications

In hearing children, inconsistent speech errors in the absence of childhood apraxia
speech are attributed to an impaired ability to assemi@@ological planthe

sequence of phonemes to be uttered) from an intact mental phonological repogsentati
of a word (Dodd et al., 2011). The cause of inconsistent errdiesifithildrenmay

differ. Should future research indicate that inconsistentymtozh of the same lexical

item is prevalent in this population, it would need to be explained. One plausible
account would be that children learning to use information provided by a cochlear

implant take time to build complete and accuratderlying phoaological
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representationfr words. These representaticanr® thought to underpin both speech
intelligibility and literacy (eybaert2005). An incomplete representation (e.g. /m-ge-
plosive/ for mat) would result in a variety of differergpokernrealisationg[mad];
[maep]; [maek]{maes]; [maed] etc) as well as an impaired ability to map between

written words, phonology and meaning, affectiteyacy.

The identificationof inconsistent speedarrorsamong a small group of deaf
participants with persistently poor intelligibility suggestat clinicians need to

consider the impact of inconsistencyspeech and litera@and the implications for
intervention.CVT was successful in achieving significapeechmprovement.
Nevertheless, there is a weer the intervention to be better adapted for this
population.Future researchight establish the prevalence and nature of inconsistency
in the speech aleafchildren to better inform the development of CVT for deaf

children.

Research has noted theiaility in outcomes following cochlear implantation
(Marschark & SpenceR006). Of the four children referred, three used cochlear
implants either alone or in addition to a digital hearing aid. In view of their poorrspeec
intelligibility, they may be cnsidered to be relatively unsuccessful implant users. One
explanation for this may be the timing of implantation. In all cases, implantation or
activation of the implant occurred between the ages of 3 and 5 years, which is
considered late by current standa(Marschark& Spencer, 2006 Interestingly it was

the participant who used only digital hearing aids (DK) who presented withghe be
speech. A further participant (Sl) presented with additional difficultiesngdeen
diagnosed with autism and a spklanguage disorder. Nonetheless, he made
significant improvementurther research is needed to evaluate the usefulness of CVT

therapy for children with impaired hearing whose speech is charactbyised
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inconsistent errors. Case studies would benldience concerning which children
respond positively to CVT. Experimental studies exploring the intactness of
phonological representations and phonological assembly skills would allow better
understanding of how CVT affects the speech processing skill@ohgempaired

children.

Conclusion

This study has identified a small group of deaf children who made inconsisterit speec
errors. For these children, CVT was an effective intervention approach, erghancin
consistency, accuracy and intelligibility of spbeClearly caution is needed in drawing
conclusions from four individuals. Nevertheless, despite widely differing pscdihel
differences in initial speech abilitthe results indicated the usefulness of GdfTall
children. Rurther research is needed larger numbers of participanéd,different ages
andfrom different language learning contexihat research might explore ways in
which CVT can be better adapted for deaf children, to determine the potential of CVT

to enhanceeal world communicatian
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Table 1. Participant information
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Name Age | Diagnoses | Amplification | Background Speech production / Sessions
gender infor mation discrimination attended
S111;3 PBSNHL | Unilateral ClI | Only deaf Low speech 13/16

Boy ASD (at5 agg\rlsted at 3 g;Tber of intelligibility Technical
years) y y Highly inconsistenbn | fault with
Contralateral | Parentsk Si unfamiliar vocabulary| Cl affected
SLD - : )
digital HA communicate . 2 sessions,
: Not stimulablefor .
: using SSE ; away ill for
Consistent use . produdion of velar :
basic BSL 1 session
at school and consonantsgg, k, 1]
home. Imitateda range of
syllable structures an
vowels a&curately
MA 9;0 PBSBHL | Unilateral ClI | Only deaf Severely reduced 16/16
Boy activated ab | member of speech intelligibility.
years family. Highly inconsistent
Contralateral | English and productionsaffecting
digital HA Senegalese vowels & consonants
Consistent use ﬁpOken at Consonants /v, n, 5/
ome. .
at school and were not stimulable
home. Parents & MA Poor discrimination of]
commnicate consonant contrasts
usingSSE+
basic BSL
DK (9;6) | BSNHL Bilateral Hearing family | Discriminatel syllable 16/16
Girl (profound | digital HA except for one | structures, vowel
on left/ . of her three contrasts and many
Consistent use _. .
severe siblings consonargby
profound at school and listening alone
. home Parents & DK '
on right) ) Unable to
communicate L
: discriminag: /t, k/, /d,
usingSSE+
o/, If, tf/and /z, d/
Pendred some BSL
Svndrome Often omittedWFC
y reducing speech
intelligibility
DB (10;9) | PBSNHL | Unilateral CI | Hearing family | Discriminatel syllable 16/16
Bo activated at 4 | except for DB’s| structuresandvowel
y years only sibling contrasts by listening
Consistent use English and alone.
at school but | Viethamese Difficulty
inconsistent atl spoken at home discriminating most
home Parents & DB consonant contrasts
communicate | Severely reduced
usingbasic speech intelligibility
English

PBSNHL: profound bilateral sensareural hearing loss; ASD: autistic spectrum disorder; SLD: speech

and language disorder; Cl: cochlear implant; HA: heaaidgWFC: word final consonants.

Table 2 Treated wordéncluded inpre- and postherapy sentencdsr listener ratings
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Sl MA DK DB
World Beautiful Phone Z0o
Cinema Love Shy Music
Mosque Mirror Multiply Sunny
Lion January Picture Bright
Sun Noodles Watch Upstairs
Socks Pasta Calculator Happy
English Homework Sad September
Chocolate Rules Cake Homework
Chair Assembly Saturday Play
Calculator Dress Gloves Shopping
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Table 3 DEAP assessment scores at-firerapy assessment points 1 and 2: PCC and
PVC and percentage inconsistency scores

Child PCC1 PCC2 PVC1 PVC2 Inconsistency 1 Inconsistency 2

Si 26% 35% 55% 57% 80% 64%
MA 24% 26% 37% 43% 72% 56%
DK 75% 85% 90% 92% 56% 40%

DB 59% 62% 67/% 71% 80% 68%
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Table 4 DEAP pre and pogstierapy assessment scoe€Cand PVCand percentage
inconsistency scores.
Child (age) PCC1/2 PCC3 PVC1/2 PVC3 Inconsistency 1/2 Inconsistency 3

SI1(11;3) 30.5% 37% 56% 58% 72% 44%
MA (9;0) 25% 34% 40% 60% 64% 40%
DK (9;6) 80% 88% 91% 97% 48% 28%

DB (10.9) 60.5% 78% 69% 86% 74% 60%
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Table 5 DEAP assessment scores at two {tlestapy assessment points: PCC and

PVC and percentage inconsistency scores.

Child PCC3 PCC4 PVC3 PVC4 Inconsistency 3 Inconsistency 4
Sl 37% 44% 58% 58% 44% 52%
MA 34%  40% 60% 72% 40% 40%
DK 88% 90% 97% 99% 28% 16%

DB 78% 80% 86% 94% 60% 28%
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Table 6.Mean listener sentence irltgibility ratings (N=10) and word identifications

pre- and postherapy

Pretherapy Posttherapy Pretherapy Posttherapy
rating rating identification identification
Minimum 59 91 7 12
Maximum 102 121 15 23
Mean 78.5 98.8 9.4 14.9

Std. Deviation 13.4 11.2 2.37 3.03




