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ABSTRACT 

Gaye B. Hidholls 

1 CUe4 Speecl) and the Reception of Spoken Languaqe. 

l' 

1 // 
(, M. Sc. Re •• arch 

Scbool of Human Communication Dis,rders 
MdGill university 

• 'lbis stud}i was desiglled to investigate 'the effect of lued 

~ech on profoundly hearfnq-impaired Childrens' speech reception 

abilities under seven conditions of presentation: audition; lipreading; 

. audition and lipreading; eues; audition and cues; lipreadincp and eues; 

end audition, lipreading and eues. The 18 subjects had been taught 

through the use of Cued Speech for at least four years. They were .. 
presented wi~ specially designed speech tests (syllables and key Words 

in sentences) vhich had been recorded on color videotape, and they responded 

in vriting. Speech reception scores 

sentence mate rials and over 80\ vith , , 

of o"O'er 95\ vith the key word in 

~ 
the syllables were obtained vith 

'1-

lipreading plus eues, and audition, lipreading Pl~Cues. Equally hiC]h 

lévels of accuracy in speeéh reception by such dhildren have not pre-

viously been reported. The subjects also demonstrated the ability to 

use audition vith the sentence materials, both in combination with lip, 
reading and vith cue~, though ~her~ vere large individual Differen~es 

. . 
\Dlder these conditions. Speech reception ,abilities in the lipreading-

plus-audition condition ,vere h~9hly correlated with scores for speech 

production; wHe language atl=aipments vere correlated vith reception 
" 

~ugh Cued spee~. 'l'he implications of these findings to the field 

~ of aural rehatiilitation are discussed. J 
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,.. ~:cUed Speech" sur les ~apaci t~s de r~ception du langage des entante 

~:tieients auditifs sous sept conditions de pr'sentation: audition; 

lecture labiale; audition ~t lecture labiale; "eues". audition et 

"eues"; lecture ~abiale et "eues"; et, audition lecture l.abiale et "eues:. 

Les 18 sujets turent entratn's par l'utilisation du "Cued Speecb" Pen":' 

d8nt au mina quatre ans. \ On leur a pr~sent~ des tests de langap 

.~Cia1.llIlint conçus (syllabe~ et œta-clS. dana une phraae) qui • ..font 

,~, enregi8tr~s sur bandes magn~toscopiques ~ couleur. ,Leurs ~ponses ,1 

turent par 'crit. Pour ce qui est de la r~ception du langage, des 

moyennes de plus de 95% turent obtènues pour' les mots-cl', clans les , 

PhraSes. et des moyennes de plUS de 80% furent obtenues pour la lec-
" . 

ture labiale avec 'b,:,eJ' et l'audition, lecture labiale et les "c~". 
~ . 

Ce ni veau ~ pr'cision dans la r'ception du langage ehez les enfants 
. 

profond'ment sourds n'a pas 't~1 rapport~ ant'ri,eurement. Les sujets 
, / 
, ont de plu,s ~JIIOntre l 'habilet6 d'utiliser l' auai tion dans' les phrases , 

tant avec la lecture labiale qu'avec l.es "eues" quoiqu'il y eu de 

grandes ditférences individuelles sous ces conditions. La capaei't' 

de r6ceptiol1 du lansase dans le cas de la lecture labiale aovee 
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~ 'a. tioa col'ft8PQDdirent hautement avec les poirÏts obtenus po~ la . 

~iOD ,b 1& parole cepenc1ant que l 'obtent'ion du langage tut en 
, ( 

, . .. / 

~~tiOD avec· 1.a" ~ception i travers le ~Cued Speech" • . - -, --.~, , If 

c.tiou ,poteutièlle. 4e ce. donn'ea , da.DB le:' domaine de 'la r&.daption 
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Chapter 1 

INTRlDUCTION 

. ' 

, li 
". Pr6found ,d total hearing impab;me~t is an iuunenae Urrier 

\U 
to effectivé verbal communication. TIlh is particularly tl'U~when sudJ. 

impaixment 15 present fmm early.. infancy, the period in whicl:l linguisUc 
t:" ),. 

skills'are normally acquired. The ~ro~oundly hearinq-impalred Child ~ 

have average intelligence and the social needs ~n to his pears, yat 

hé deprived of normal intellectU81, s~al and educational opportunltles 
1 

simply because he can not .adequately recelve the spoken word or USé 

speech. 

Many different a~roaches ta helping hearing-imp~ired chiidren 
1 • 

overcoœ their handicap have been sUC1gesh!d ~and atteltlpted. It is nov 

common for hearing-impaired Childr~n to,be taught principally thDOugh 

stgn language. This app;coach may he successful in some respe.cts but 

has the disadvantage of limitif'!-g the child' s cottmlcinication to others 
Il ) , 

who si9O. :Relatively few People are fluent siqners. Other such 'children . . 
may' be·taught orally, that is, in a system Whi" stresse's the importance 

of speech~ l- the use of, resid~l heari~g and" ·liP?adi~~. This app~ch 19 
'/ ' 

not however, appropriate for those children: who finCl the. auditory signal 

" tao &:9raded and the visual signal toc? attIbiguous to decode. 
1 

Because communication throl;l9h speech :receptiQn and speech /, 

production permits hearin9-impair~d,èhildre~ to fttnction independently 

in society, much effort has been expended in providing them with devices 
, 0 

that cao eitber supplement the !lnpoverished acoustic signal, suc;h. as 

, 
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~ar~9 aid8, or offer-,altematives to it,. e.g. v~sual 'Or taqtile displ~Y~. 
1 ~ ~ 

An, approach suqgested br Comett (1967) f known as CUed.-S~ech .empl?YS a 
• c , 

j set of manual (~d) eues r!l~er than a d1!vice. Eight hand configura-

/ tian. and .four band P<>1'iUÔOs (00 he descdbed in more detall laterl 

-are used to aisa.biguate the patterns of speech tha1; can be ,seen on the ", , . 
lip. of la s~er. This syst:eJll has néi~r J:leên éxtensively emplojed 

nor b!*'sively studied. Its potential importaJ)ce aff a tool in teaching 
1 

be~ri~g-impaJ.te4 cbildren led the writer to design and carry out the. 

present study. 

Eighteen children who had been taught by means of cued Speeéh 

, for four years or 1IIOre in a school in Austral~à served as sÙbjects. 
o , 

• t 

,Theil:' perfo.ce Wider various conditi~:ms of speech stimulus preserita-

tien was measured by means of tests especially constructed for the pur-

pose. 'the scores on tllese testsl, and their relationship to 

c:bara6teristi~S of the subjects ~ro~ "the data WhiCl will 

and discussed in the· fOllowing pages'. 
o 

o 

" 

1 
, ,'-:. 

". '\ 
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\ 
\ 

\ 

( 

the various 

be pre sen te'd 

1 
,ci . 
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REVIEW OF THE LITERATURE 

,0 

, . , 

0" -\ 

ù' (,. 'lbis at\ldy is~ ë::onqemec1 vi th various àspects, of speedt reception 
~ ~ ~ , " ,- ,.. , 1 1 

by, p:rofoundly hearing-ilJIpaiJ:e4 'Cb~ldrel). li vas desi9rll~d tO hlvest1gate 

t lipreadillq abiUtY, the use of xesidual audition" the effects' of célPbininq 
':1 • 1'- - ~ .. , ... , 

audition and l1pread1n9t and the contribution of Cued Speech. Th. lol-
o """ ~. ,," 

lowinq ~view therefore" focùsses upon each ~f ~ these lÛ'eas, particularly 

as it relates to work vith profopndly hearing:"impaired stJl:>jects and their 
, 

abili ty, to ~rocess 'spoken 1anquage. 

LipreacUng 

. 
ILipreadlng is the art of understanding speech tbrough inter-

pretation of the visible articmlatory movemen~§ ~f a speaker (N,it:Chie, 

'1913). Beçause movements of the face" tongue", jaw and throat ,laya 
\ 

part in visuaJ\ speech reception, ~d lan~aqe offers cont.extua1 in:~r-
1 , , 

mation, some writers (e.g.' Berget, 1972), consider the term "spe~clJ):eaJ:ling" 
t," '\ J,.. J " 1 ~ 

~o be a more appropr,iate 1abél ,for the task. The tenn lip~ea~ng 1s vsed 
. 

" . 

throughout this report as it also.rèmains in common ,use (Schaw and Nerbonne,' 
1 

1979) • 

v"'.l:~ " 
'!'hose who have limi~ed Mai~ng qene,rally have to raly upon Iip-

re~ding to compensate as far as possible for their au"itol:y def~cits. 
,l, 

To'tally, or near total1y deaf per~dns may find themselves éomp1ete~y 
, . , . .. , 

dependent upon it. 'CUrrent knowledge relating to the }ipreadin9'of 
l' .. / 

'consonants, ,,?f vowels ~and 'of running speec~~ under various cOnditions,i.s 

b~iefly reviewed. 
1 • 

'. , 

" 
" 

1 r, J 
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" 1 

. Numerous 'studies have investigated the adeqùacy of the 
,.~ . ' 

vi.ual mo'8al.ity for ~e reception of speech (see B.erger, 1972, for a 

detailed rerlew). .Many consonants that are acoustically distinct (e.g • 
..t'\- .. Ir 

.Jpl and Ib/), can not he dift:erentiated visually as they are formed wi th 
.. j,t 

the ~aqMt ~tlculatoX1 movements. 
o , 

Other sounds are produced too far back 

in the oral cavity to be clearly vis1b~ '(e. g. /k/ and /g/). orbe in!Îu-_~_ f 

.. 

enca of different vowel and consonant environments in coarticulatidn 

further reduces the a<:curacy of consonant reception. Blends, or conson-

ant c1usters, are frequently interpreted as single phonemes (Franks and 

Ximble, 1972) and the open-vowel laI, affords higher levels of intelli-

qibili ~Y than ei ther the front or back vowe1s, .Iu/ and /i/' (Erber, 19 71a: 

Pesonen, 1968). '!bese factors result in a filtering of speech so that 

fewer oOn~onants ~e,,.ailab1e in lipreadinq than can normàlly be heard. 
\ 

Woo4ward and Barber' s (1960) classic study first established 

the,phone~s that-cao he c1early differentiated visually in syllables , 
with laI. 'tbey found four groups of homophenous consonants: that is, 

œnsonants that look a1ike. These were: 

1. p, 15', m. 

2. f, v. 

4. t~ d, n, "1; 0,' 'CS, '!l' z,' J, ~, tI, d" j, k, g, h. 
, 

These four groups ~rresponato the articulatory classifications bilabial. 
, -

rounded labial. làbio-qental,and non l~ial. 
~ r ~ ~ 

, , 

\ 
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Soma workers have challenged Wbodwa~ and Barber's original , . 

classification in sUbsequent research. Various studies, pave shawn that 

the number of visually contrastive groups, teXJDed visemes by Fisher (1968), 

may range from lour to twelve (Berger, 1972, pp. 96 ... 91, Binnie, Montgosnery .. 
and Jackson, 1974, Blnnie, "Jackson and Mont90-ry', 1916, Fisher'~ 1968, , 
Walden.., Prosek and Worj:hington, 1974). Most studies conducted \Dlder 

'" 
everyday viewing conditions indicate that relatively lev vis~ 9~ups 

are available to the lipreader. Fisher (1968), who presented- co~~onants 

in bath initial and f!nal position, fOUnd five viseme groups. A fifth 

groq>, one additional to those described by Woodward and Barber (1960),' 

wu formed by either /k/ and /g/ in the initial position, or /s, t, d~, 
f 

Y in the final position. Pive viseme groups with in,itial consonants 

were also found by Binnie et al (1974). These were: 
, ' 

,·1. p, b, DI. 

2. f. v. 

3-. 9, 5. 

4. J, d,. 

5. s, 1:, t, d, n, k, g. 

However, the basic consistencY of Woodward and Barberls original classi-

fi cation was confirmed by Walden et al (1974). Virtually aIl of their 

subjects obtained a high degree of homogeneity of performance in the 

visual reception of consonants, with responses, falling into the original 

four groupings. Only a few could distinguish a qreater n\llli)er. 

Onder exceptional viewirtg conditions, ability to lipread con" 

sonants can be substântially impro'Ved. Binnie et al (1976), conducted 

an experiment wi th pood li9hting arranqed at -an anq1e of 45 degrees, 

~ --... ,. 
' ... ;. ",: :,-,. ~,~ ),'~ ~ 

.. '"';. --

~_.' -
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three feet from the speaker'a. lips. The i1l1proved visibility of tongue 

. 
movements allowed the subjects to differ.entiate 9 viseme groups. The 

groupings yiélded under.~ese conditions ~ere as follows: .. 
1.' p, b, m. 6. l, n. 

2. f, v. 7. f, ,. IJ,. 

3. w. 8. t, d, ,s, z. , 
" 

4. r. 9. k, g. 

s. e, O. 

These researchers considered that testing under optimal lighting condi-

tions ~as a useful means of identifying individuals who experience dif-

ficulty in discriminating place of articulation, and who could benefit 

fram training in th~ visual discrimination of consonants in nonsense 

syliables. In severai researcb studies, live presentation of the stimu-

lU$ mate rials has yielded better results for ~ipreadin9 than those Qb-

tained for the same materials when they bave been vidéo-taped or filmed. 

SuCb differences in lipreading performance have been'attributed mainly 

to the ad~d difficulty caused by presenting a two- rather than a three-

dimensional image of the speaker's face (Berger, 1972, pp. 69-175). 

The effects of training on consonant recognition were studied 

in an experiment by Walden, Prosek, Montgomery, Scherr and Jones (1977). 

'lbeir purpose was to determine whether subjects could 1earn to discrim

inate consonants that fall within each visetne group. They utilised ~ . . 

programmed instruction techniques with immediate feedback to provide 

/ 

know1eclge of correctness. Their stimuli were pairs of "same" or "different" 

syl1ab1es. The training resulted in an overall increi;lse of 24% in lip-

reading performance over a two week training periode On pre-training tests ~ 

t 
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the subjects could distinquish five viseme groups, whereae they could 
• 

differentiate nine following the 14 hours of ins,truction given. There 

is no evidence that analytic training of the type employed in this study 

resul ta in improved lipreading performance wÜ:b sentence or discour8e 

mate rials '. However, the AUthOrs sU9ges ted that higher levels of COIUIon-

ant recognition could he bepe.ficial in r:educlnq ~e amblquities in .en-

tence contexts. 

Among the few studies on the liprea that 

have employed children as subjects, those of 7la, 1!72a), 

Heider and Heider (1940) and ~esonen (1968) are st important. 

Performance in the 

with chronological age over severa! gradesor 

programs in whic:h lipreadinq was emphasised. Erber' s (1971a, 1972~), 

studies indicated that c:hildren's scores w~re opti~1 at a distan~ of 

5 ,feet from the speaker and better in the context of. the, vowel lai than 

in the contexts of either IiI or lu,i: àlso, that both normally hearin9 

and hearlng-impaired chi1dren were 'able reliably to discriminate the 

place, but not the manner of voicing characteristice of consonants through 

vision. In sU1ll1lélry, these studies show that the speechreading of conson-

ants ~g children is sitnilar to that among adults. Scores average 

about 30 percent under everyday liqhtinq conditions and confusions of 
. 

consonants are made principally within the four viseme qroupinqs descf1bed 

by Woodward and Ba~er (1960). 

: .... .. . 
"", , .. il-. 

j' 
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Vowel Visemea 

The visual reception of vowels has received 1ess attention 

than the lipr~~nq of consonants. Nitchie (1950, p. 47) considered 

that moBt vowels are visually d~stinct. However, Heider and Reider 

(1940) and Berger ;1970), amonq others, have shown that this is not the 

case. Vowe1s tend to be oonfused vith their adjacent tense or'1ax 

counterparts, more so in running speech than in isolation (Berger, 1972, 

p. 79). 

r 
Heider and Heider (1940) found that vowel recognition i9 more 

c10se1y re1ated to~ve,ryday 1ipreading performance than is consonant 

recognition. They also found that improvement in vowe1 recognition could 
i 

be achieved throuqh ~raininq. Whereas, with training, finer and finer 

distinctions could be made among vowels, consonant reception tended to 

reJllain cateqorical ~ithin viseme groupings. Berger (1970) reported that 

there vere relatively few visual confusions among back and frônt vowe1s, 

and high and low vewels. He conc1uded that about 9 vowel vi seme' groupings 

can hé differentia~d. 'l'his was not confirmed by Jeffers and Barley 

(1971), whQ tound that their stibjects coul~ distinguish 4 vowel viseme 

qroupin9s under normal viewinq conditions (namely spoken in connected 

speech, at an average rate and with normal artiCUlation), and 7 vowel 
\ - .' 
groupinqs with slow speech rate and accentuated lip movements. 

The mast recent approach to the study of vowel reception has 

been to define the viaual distinctive feat~s underlying the lipreadi,ng 

of vowels and~diphthon9S. To this end, Jackson, Montgomery and Binnie 

(1976), used a multi-dimensional scaling technique. They found that the 

",' 

1 1 _ 
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reau1ting perceptual dimensions correlated closely with physic:al _asures 
• 

of lip shape and position. 'lbe Hp separation and sin of mouth opening 

'tere thé IIIOstsalient characteriatics used for vowel identification •. 'l'he 

vertical movemènt togethèr wi th the size of the lIDuth opening for th, 

second vowe1 nucleus were used to ident!fy the diphthonqs: 

• 
In speech, consonants and vowels are coarticulated. It 18 

not, therefore, surprising that Pesoneri (1968) and ~rber (1971&) found 

that vowel context Affects consonant reception. 111ey noted 1:hat a1veolAr 

and velar consonalltstend to be maslced by the teeth and the lips to a 

qreater ,extent in the context of the vowels /~I and Iii than in the con

text of la!. 'l'his point· is emphasised, sinee it is relevant to the 

design and results of the pre~~nt study. 

Linguistic Context ,. 

-
The reception of phonemes in syllables bears only a limi1;éd 

relationship to their reception in JDeaningful linguistic oontexta. Even 

with an intact auditory system, it' is apparent that we do not recei~ 
1 

complete1y unambiguous cue~ on a11 the phonemes in the spee,eh streaxd 
1 
\ 

(Fo~s and Haltes, 1978, p. 93). Analysis-by-synthesis mode1s of auditory , 

speech perception (e.g_ that of" Stevens and House; 1972) state that the 
/ 

context of the speecl1 utterance serves to clarify the missing or 'aJDbiquoua 

e1ements, 'lbe same could he t,~e of sp~ch reception through lipreading. 

The inforJltiltion stpred in long term memoryon the 'phono10gical, lexical'} 

semantic and syntactic systelllS of language, interacts with the ineominq 

speech s~qna1S in the listener's active search for meaning (Miller, Heiae, 

" , 

1 
1 

/ 

J'rI 
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and Licbten, 19511 Linq, 1978). 'Ibis process enab1es one to .perceive 

speech, not as a series of distinct phonemic units, but~as units of ' 

meaning oonvey!ng information on the speaker's intent. FUrthe~re, 

the listener, while attending to the acoustic signal actua11y tries to 

predict in advance what parts are like1y to be the most informative 

(Poss and Hakes, 1978, pp. 96-97). 

Liberman (1974) has cast doubts on the possibility that the . -
eye, or the skin,cou1d he a completely Adequate substitute for the ear 

a8 a'pathway for the reception of speech. Thus, according to Liberman, 

the speec:h decoding mechanism descrlbed in the previous paragraph is 

primari1y adapted for analysing acoustic signaIs, and the non-auditory 

modalties of vision and touch may not have ac~ss to it. He considered 

lipreading ta ~e an e~ception, as there is at 1east partial phonemic 

info~~ion conveyed in the visible articula'tàry movements. 

Research studies investigating the visua1 reception of speeçh 

'in meaningful oontexts with norma1/1isteners as subje-cts show that the 
A .. 

procesds of speech perception are hampered by the pal;1ci ty of visible 

infoxmation. Performance of subjects with sentence materials from the 

,Utley Test of Lipreading (Ut1ey, 1946) is genera1ly around 30% (Clouser, 

I977, Bode, Nerbonne and Sahlstrom, 1970; H~raick, Oyer and Irion, 1970). 

The reception of disoourse materials is much more impoverished. For 

e~le, Hardick, et al (1970), uslng the Utley (1946) story test, 

found that their normally hearing subjects were able to perceive only 

4.49'-of the material accurate1y. Similarly, Binnie (1974) found that 

6.8\ of discOUise materi~l could he identif~ed by normally hearing sub-

jecta. No studies of dis course reception through lipreading by ski11ed 
l 
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lipreaders have yet bee,n reported. New strategies for measurement of 

dis:course sucb as ,the trackinq technique utilised by sparks, Ardell, 

Bourgeois, wiedmar and lEuhl (1979) may atimulate such research. 

'lbe variables that influence the ayntbesis of i~'ifit.tion in 

visual speech reception have received cons'fâerable attention. '1'he visi-

bility of words and the interaction of higher order langUa~e procas ••• 

was the subject of research by Albright, Hipskind and Schueket;'S (1913). 

They measured the reœption of matched pairs of Enqlish and "Slurvian" 

sentences: for example, "Always be polite" - "Ah waits beep a light". 

The pairs were "phonemically similar, and therefore of'-Jlpproximatèly the same 

visibility value, yet different in linguistic fonu". The Authon COn-

cluded that the superior performance for the Enqlish sentences ""as due 

to linquistic processinq, rather th,an the visibility leyels of the words. 

The lack of linguistic constraints in the Slurvian counterparts neces" 

sitated word level perception, and thus restricted predictability of the 

other units. 

Sucb variables as sentence length, complexity and familiarity 

have also been the subject of investigation. Re sul ts fram one study 

showed that short 3 ward sentences were easier to lipread than longer 

ones of 6 or 9 words, (Clouser, 1977). Sinple keme1 sentences have 

heen found to present less difficulty to the lipreader than sentences 

pontainin~ either sinqle or double-based transformations (Fehr and 

Trotter, 19751 Hannah, 1974), and there is a sign:i,ficant correlation 
" 

between sentence familiarity and relative lipreading ease (Lloyd and 

Priee, 1971). The implications of results trom thes~ and previous1y 

mentioned studies indicate that, for l~preaders with normal language 

-----------.",: 
" . 

.. 
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&bl1itles, linguistic oontext can provide at least some information on -
the missing or ambiguo\ïs elements in running speech. 

-E~er (1976) suggests that, in contrast to adults with normal 
. .,. 

language, ch,i.ldren ln the process of acquiring language do not have 

Msufficient knowledq' of typical language patterns to make use of con-

textual information. Il 'lhey are more depen,Pent upon the reception of the 

acoustic-optica1 signal ltself. To investigate the effects of linguistic 

context on the responses of 15 profoundly hearing-impait:ed children aged 
.., 

13-16 years, Erber (1976) presented both key words in sentences and those 

same ~rds in isolation. The inte11igibility of the words in isolation 
. 

weB higher (80') than the words in sentences (46,,;). Er&r's results sug-

gest bath that lipreading ia an ~neffective means of acquiring .language 

and that relatively high levels of Ünguistic skiE IÎlay he essential 

before ~inguistic contcxt can aid the lipreader. oThe general, question 
,~ 

of how profoundly hearing-impaired children can acquire' language most 

'efficiently through lipreading aided by other sensory input therefore 

remains the crucial issue" (Erber, 1974, p. 107). 

Audition 

~ere are relatively few tota11y deaf children (Boothroyd, 

1970. Elliott', 1967~ Ling, 1964a), the majority have some useful· residual 
.. ~ 

hearing. Technologieal advances in hearing aids ove~the past few -,-
decades have made it possible for profoundly hearing-imp',:lired children 

(those with hearing leveis greater than 90 dB), to receive at 1east 

some aspects ~f speech through audition. Although such children's 

=....,..------'-.. _~., -,.. .. 
- J'- ,.' ~ t 1" 

.. ', l' 
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~ . , 

audition done ls rarely adequate for ~11erydaY cOIIIDunièation, the utili-

sation o~ residual hearinq i8 wide1y reoognised as a vitally important 
, " 

COII,P9nent in their acquisitièm of COJIIlWlication skills (Ross 'and Giolas, 

J_search on profoundly hearinq-iupaired children ' .. auditory 

capabi1ities is lillÙ.ted (see Stark' (1974) for a det.ailed review). Most 

work on auditory speech reception by hearinq-impaired li8teners bu been ,,, 
" , 

ca;ried out with adults who have had moderate or severe hearing 1088 

(for details see Pickett, Martin, Johnson, Smith, Danie.!, Willis and 

Otis, 1972). In general, 8tudies haye, shawn that the configuration of 

subjects' audioqrams CM be used to predict 'the type of errorsthat are 
" 

li1cely to be made in speech reception. The quant:lty of such et:rors, 
, t 

howevèr, tends to be idiosyncratic, although error rates Increase in 

direct proportion to hearinCJ, 1evels (BUger and Wang, 1976). One may, 

therefore, within certain limits, consider hearinq impairment as beinq 

akin to an acoustic filter. For example, if the "fUter" attenuates or 

" excludes higb frequency sounds, then they" will no~ be audible and errors 

on fricatives and unvoiœd stops will be likely to occur. Whether sounds 

passed by the "filter" will be discriminable will depend upon otlier 

factors such as the integri ty of the subjects' residual audi tian and 

central nervous system (Ling, 1978). 

In the absence ot definitive etudies, profoundly deaf chlldrens' 

<1 potential for auditory speech reception remains a speculative matter. 

/some writers, sucb as Boothroyd (1978), Ling (1978), Sanders '(1971) and 

Whetnall and Fry (1971), consider that many profoundly hearing-inlpaired 

children can, \Dlder qood listening conditions and with appropriate 

" 
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training, learn to receivè speeCh much as normally hearing people receive . . 
lt when it i8 low-pas,s filterèd. They consider that, when properly 

fitted vith hearinq aids, profoundly deaf children shoulp be able te . ) 

'detect. disc'riminate, i&n\:~fY and co~~hend speech with~n the range " ./ • 
of their audition, "USinq sOlDe of the acoustic cues that have been speci

fièd as crucia1.'in studies ,of speech synthesis (Stevens and House, 1972), 

',,'. acouse~, phonetics (Ling and Ling, 1978), and auditory speech perception 
i1~ "1, ? y) l " 

-"",.,..--' 
by no~Jy hearinq persons (Studdert-Kennedy, 1970; Foss and Hakes, 

1918). The main acoustic eues for the reception of the Qlfferent aspects 

of speech. are briefly surveyed below. 

The Acoustic Aspects of Speech 

The suprase9!!Dtal aspectS of speech, intonation, stress and 

rhythm, are conveyed by.changes inrrequency and int.ensity of the speech 
, , 

waveform over time. Children with no hearing beyond 500 Hz can hear 

1 

the suprasegmentals as MOst of the information on voicing i5 present 

below 300 Hz (Ling, 1964b). 

Hearing for time/intensity information by profoundlylhearing-
/ 

impaired children has ,been demonstrated by Erber (1972b). In an exper~-
, l' 

ment us~n9 co~ nouns as stimult he modified the speech signal by 

elindnating the spectral infonoation. ~e remaining wave-form envelope 
o Il 

cODlPrised· only time/intensity information. When this signal was provided , . , 

together with the visual pattern, 2Î mean increase of 7\ in speech recep-

tion scores over lipreading alone was achieved~ Similar increases have 

been demonstrated'when lipreading has been combined with tactile stimuli; 

J 

" 
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\hus, ,Boo~royd and Cawkwell (19,70), Erber· (l~74, p. 2~) and Nober (1967) 
1 ~ 

have considered that many profoundly deaf chi1cfren 1 s thresh,?lds Jllight be ' 

of tactile rather than auditory orlqin. Stressinq this likelihood .. 
, ' 

Erber (1974, P.o 48)"suqqested that profouhdly deaf children have 'the ' 
\ r·'" ... - , . 

" 1 
abi1ity to percei~ Ume and intensity cues .in 8pe(!'~ but not to dis-

criminate small d!fferences in frequency or rapid frêqUency" chânqes-,: i.e. 
1 • , 

the spectral' cha{lqes wbich are characteristic of speech. ,Emeris ~sults 

c~ not, however, be interpreted as eVi~nce that aIl profoundly deaf 

" èh,.i\ldren have only tactile thresholds or' are unable to use frequency in-
t' 

formation-. Risberq and Aqe1fors (1978), amt?nq many othel;s (see Stoker 

(1977)~ for a det~y.ed r~view), bave sbawn tliat some profoundly deaf 

cbildren have difference limens for frequency of as muéh as 40t but many 
l , 

for as litt~ as 5-7\. Even a 40 Percent difference limen f<;>r frequenoy 

sbould allow hearinq impaired cbi1dren to perceive broad ~ntonation pat7 

terns, whicb often cover,a-.,r'anqe of ovar hal~ an octave (L~ebermah, i967). 

Furtbermore, hearinq-impaired subjecœ who initially have ~r frequeJ;lcy 

discrimination may substantially improve with traininq (~n-9el, 1969; 

Risberq and Aqélfors, 1978). 
/ 

1 

The vowe1, formants are ,the peaks of ~nerqy that occur tmen the . , 

harmonics of the fundamenta1 frequency· ot the, volce are fil tered and 

resonated in the vocal ,traèt durinq phonation. AU vowels have a :tirst 
.. ' 

formant 'resonance below 1,000 Hz and can therefore be <1etectèd by:children ' 

vith hearinq under that frequen~ (Linq, 1976). Reception of both fi-rst p' 

and second forman'ts, howevex:, is essential for identiti.tation of thé, '.. ' 

vowels by normal 1isteners (Delattre) Liberman, Cooper and Gerstma,n. ' 

1952). OWens, Talbott and Scbubert (1968) have a1so :found- that'h~arillq-
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bspaired pèrsons requin, ~aring extending to 3 kHz, the upper limit of \ . , ' 

F2 -for; the vowels, if these sOWlds are"to:î,e consistently, identlfied cor-

reetIy. 
<~ 

The oonsOhants.are c1~8sified according to their voicing, 
ct' , 

place aDcI manner of articulatiOn. 
-... 

Acoustic eues for both voicing and 

manner 'are spread over a broad spectrum of f:requencies, and are contained 
J 

in the time/intensity patterns of, speech (Boothroyd, 1978). Perceptual 

,confusions among consonantsmade by normally hearing subjects under varying ,. 

,~ignal to noise'ratios were studied by Miller and Nicely (1955). They 

found th~t the features of' nasa1ity, voieing and affrication ,::ould he 
1 

, different1ated on the,basls of 1àw frequency information be10w 1 kHz. ' 

Nasality ~d voicing were partieularly resistant to distortions of the 

si al, and each feature could he 'distinguished on the hasis of eues' • 

\. un r 500 Hz. 

Oontrasting results have been obtained when profoundly héaring: 
) 

(~ 
iœpaired Children were tested for discriudnation of voicing and nasality 

'l 
One experiment used, cOnsonants. from each c1ass of sounds ,in 5y1- -

l 'lable. with laI as stixnu1i (Erber, 1972a). The random nature of tile 

~"l 
. (I! ) 
r 

~ f # • 

responses when ~udition alone was'used ~ndicated that these children 

oou1rd not c1assify the souhds on the basis of low freq~ncy _ eues avail-

able. Resulta frCl1ll other experiments show that children with losses 
C' 

'exceecÙng 90 dB cao detect and discriminate these GUes (Bennett and 

Ling,' 1917; Boothroyd, 1976)_. Ling (i974, p. 52) suggested that Emer's 

.Ubject~ failure to aiscriminate snch distinctions migh~ be due ta their 

\ 
lack of adequate t,aining , sinee .Aston (1972) had found 'that training 

re8u1ted in ~rlted. improvemén't!i in abi~ity te discrimifate nasality and 

',< .,', 
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voicinq teatures. 

-, ; J 

• l ,- , , 1 : , 

'J,.'he importance of, traininq has recently, been demonstra~d in 

ablo studi~s, one bY I4éberi:h' an4 Subtelny (197~), and the other by 
G ~ ... .. ,t 

o ." 
Nove lli-olms te ad (19.79~. Botl1 investiqated Ling's (1976) h~thesi8 

1 {\. D ~ 

tbat train'ing in, sp'eech production would lead to improVelllents in speech' 
(r 

~cePtion. 

by Liberman, 
:/ ' 

. , 

'Ibis hypothesis was based upon the Motor Theo:t)' propo~éd , 

'Cooper, Shankweiler and' Studdert-Kennedy . (1968). Accor~ng 

to this theory, speeàl is in part perceived throuqh ~ference to the 

listener' s knOWledge of tiis Q'4m spè~ch acts. LiE!b~rth and Subtelny 

11978) worked" wlth 58 profoundly hearing-imp~ired young adults. In the 

course of l,earning speech ovèf a 20 week P~Od,. ~ei~ ~ubject:~ made, 

mean gains of 17 pefcen~ .ln audi,to;y p'erceJuon as measured by a test, . 

,/ of phoneme identif~cation, "l'he control .group, whO-were not taught spee~, 

made no suêh gains. It is' posS"ib1e that these resu1ts .weré due t~ their 

use of hearing durinq' tra~ing rather than their learnipg S~Ch as sucb • 

. This possibility was covered in the study ca~~ied out by Novel1i-olmstead 
" . 

(1979). She worked with 7 pairs 'of' children: One member of each pair' 

ecU ve,ly leamed to The other listéned, and was not encouragea 

, ' 
to talk. Training'over a six week period 1ed to significan~ qains in 

auditory discrimination only for the seven subjects taught speeCh. _Tnpse e . , 
studies suggest that speech production !!Iki'lls stJ,ould, if possible, be . 

investiqated when the speech reception skills of hearing-impaire~ Children 

àre belnq studied. 
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Linguistic Context. As in the case of lipreading, the 

number of phonemes avaiIab1e to profounâly hearing-impaired children 

. through audition aione, relative to the total number in the language is 
, ' 

greatly reduced (see above). BYen those phonemes t~at :~e heard by 

suCb children may nct be identified on the basis of the same, or the 

sarna n~er, of acoustie eues avaiIable ta normally hearing listeneI~ 
,/, 

(Boothroyd, 1978). As speech is a highly redundant signal, severai 

"acoustic eues serve to specify the same phoneme (Liberman, 1970). For 

example, a given plosive may be identified through reference ta either 
-. 

the variant energy (vo~el-to-consonant transitions) or the invariant 
~ 

energy (~e burs~following a period of silence~, or bath (Ling, 1976). ) 

(This may nct be the oase in Iipreading, whère,only one visible pattern 

has to define a given phoneme ~r 9l:ouP of phonemes.) Acèording ta Fry 

(1978), the profoundly hearing-1mpaired child searches for those ·auditory 

eues within his range of ~esidual audition that most effectively help 

him ta identify each audible sound- pattern. There are, howèver, sorne 

sounds that have no ener~.within a profoundly hearing-impaired child's 

auditory range, e .g. Is, f and el. '!'he chUd must then learn ta predict 
, , ') 

the -presence, of inaudible sounds from 'his knowledge of morphology .. With-

out sucb knowledge preai~tions of this type can ~ot be made. 

The detection and the categ~rical identificatiôn of many acoustic 

,patterns is then, i~ossibl~ for,profoundly h~~ing ~mpaired .Children~ 
~ As with lipreading, there 18 nat enough informatiop in the- acoustic 8ig-

nal available to such. chi 1 dren ta permit them ta learn,-;,language through ,.' 
audition alone. How far spoklim language c~ be received thraugh hearinq 

, 
will vary accorqing~~o the extent of a child's residual audition. 

.. 
, . 
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Stmilarly, the e»tent of a child's residual audition will largely deter-

miqe Qow weIl he can use hearing to help him disambiguate the lipiead 

form. In normal everyday communication, profoundly hearing-iupaired 

children are rarel~ cal1ed upon te rely solely on residual audition. 

Audition and vision combined are the usual means by which they nceive 

speech in s\lch contexts. 

Audition and Vision 

" Skill in audio-visual speech reception is of paramol1nt impor-
') 
( 

tance to profoundly hearing-impaired children as it permdts communication 

in society at large through the use of spoken language. lt has 10n9' 

been recognised that the ~Omb~d use of the modalities is of benefit 

in speech reception (Clarke, 1957; Ewing, 1940). The auditory-visual 

reception of consonants, words and $entences has consistently yi.lde~ 

bette~ results than reception by either modality used separately (Bionie, 

1974; Erber, 1971b and 1972a; N~ers and Hudgins. 1948; Ross, Kessler, 

Phillips and Lerman, 1972; Risberg and Agelfors, 1978; Wa1den, Prosek 

and WOrthington, 1974). 

In a review of studies concerned with d~termining ~e relative 

contributions of the two modalities in aUditory-vlsual speech reception, . ' 

Erber (1974, p. ~), showed that, among profoundly hearing-impaired 

chi1dren, the increase in scores resulting from the addition of audition 

to lipreading is typically fram l to 15 percent. Erber r cori't:luded that 

such chi1dren's use of audition served mere1y as a supplement to 1ip-

reading. \ a 
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Individual performances of persons with similar hearing levels 

and audiometric configurations however, can vary greatly CRisberg and 

Age1fors, 1978). Such variance is illustratep in an experiment by 
1 

Seewald and Ross, (1978). They tested six profoundly hearing-impaired 

Children's discrimination of words within cloaed sets of four items, 

through audition, vision and audition plus vision. ~~o children, both 

with pure tone averages of 1.00 dB over the frequen(h~s 500 Hz, 1 kHz and 

\ 
2 kHz, scored 12\ and 48\ on auditory reception, 76% and 60% on visual 

reception, and 60% and 80% on audiovisual r7ception respective~y. 

Another chi1d with similar average hearing levels (102 dB), scored 80% 

through ,.~udition~~% through vision and 96\ with audition and vision 

combined. Similar"ly divergent scores ,fior the auditory-visual -réception 

of consonahts in ,~y1lables and pf words have been found with hearing-

i~red adults (Q<..4ens, 1978. Walden et al, 1974). These workers con

Si~~d t~e variances to be due mainly to differences in the subjects' 

use of audition rather than lipreading. 

A ~or i~Cerning the 'use of sense modalities bas per- ~ 
sisted in the field of auraI rehabilitation since hearing aids were first 

commorlly used by children in the 1950's. Although most oral educators 

have considered the use of beth modalities to he essential, there have 

been divergent opinions as te which one should receive primary emphasis 

and when. Whereas residual hearing has been regarded as a supplement 

to lipreading by sorne (Erber, 1972aj Risberg and Agelfors, 1978), lip-

"'reading has been regarded as a supplement to residual hearing by others 
1 

(Pollack, 1970; Whetnall and Fry, 1971). 
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Traditionally, oral teaching methods have emphasised the 

deve10pment of profoundly hearing-impaired chi1dreo's language and 

speech tqrough the use of lipreading, supplemented by written material, 

natural gestures and situational context. Numbers and Hudgins (1948) 

reported, when hearing aids vere first in widespread usEl, that some 

oral educators thou~t auditory training ·m.ight interfere with the devel-

oprnent of lipreading. '!heir own work, however, suggested that lipreading 
~ 

skills were not adversely affected by auditory training and that audition 

and lipreading yielded performances'superior to that obtained by 1ip-

reading a1one. Most modern workers, including Boothroyd, (1978); Ling, 

(1976); Ling and Ling (1978), Pollack, (1970)i Wedenberg (1951) and 

Whetnal1 and Fry (1971), consider that the best results can be obtained 

by focussing upon the child's use of ~udition and allowing lipreading 

skill ta develop spontaneous1y. Al though these workers recognise that 

audition and vision are bath essential for everyday communication, they 

stress audition as the primary avenue for the dev~lopment of basic 

language skills, and maintain that such primacy can be preserved despite 

profound hearing los~." 

The audi tory approach is likely, as is any other single approac:h, 

to be suitable fa~ sorne children, but not for others (Luterman, 1976). 
, 

Several factors must be con~idered in order to select the most appropriate 

avenue for spoken language deve10pment including the age of detection, 

aDlO\Ult and utility of residual hearing, additional handicaps, parent 

participation and motivation, and the skill of,the teacherjc1inician 

in guiding speech and language dcve10pment (Ling, Ling and Pflaster, 

1977; Ling and Ling, 1978). At prese~t, however, ~here are no generallY 

accepted criteria for gauginQ pro~ress. Nor are there tools for evaluating 

.' 
, , . 
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if a child's speech reception abilities are adequate for the reception 

and development of spoken language (Erber, 1977). Erber suggests that 

diagnostic evaluations of speech reception ability should be both at the 

level of~·syllables or words, for accurate measures of phoneme reception, 

and also within the context of running speech using ei ther -sentence or 

discourse materials. In the absence of such diagnostic information. 

many children with Inadequate speech reception abilities are identified 

late in their schooling as having failed to acquire sufficient language 

and reading skills'to progress academically (Ivimey, ~977). Thus, by 
~ 

~e time they are identified they have missed the vitally important years 

of infancy during which spoken language is normally developed through 

parent-child in~raction (Ling and Ling, 1978). 

Two main approaches to presenting additional information as 

a s~plement to speech which can be employed from early infancy. are 

currently being explored. These are the use of tactiÎë "aids and Cued 

Speech. Work with the former is 9:i11 in its infancy. and 50 far has 

't 
yielded disappointing results (Sparks et al, 1979). Cued Speech has 

been adopted in. some programs for heë[lring-impaired children, but the 

effects of its use have not been studied sufficiently. The evaluation 

of Cued Speech as a taol for supplementing spoken language information 

ls the central concern of the present study. 

/1 

/ 

'-

/-



.:.. 
- / 

" 
/ \ . 

1 " .1 .IR_.!U.I _________ -'--,_,,_,, __ ( _____________ :...('~__Ll"-"-.' '..:..;;,,.,..}'_' ~....:.... : 

c 

(: 

-23-

Cued Speech 

The System 

Cued Speech Is an oral method of c:ommunication designed for 

use with the rearinq-iupaired (Cornett, 1967, 1972a). It, em,Ploys a 

set of band ~s that, toqether with tl\e lipread form, resolve the 

ambiquities ëUDOng the phonemes in visual speech reception. The basic 

and unique princ~ple of Cued Speeoh 18 that the band, eues merely supple

ment, and do not replace the information on the lips (Cornett, 1972b, 

p. 227). 

The consonants are cued by 8 hand configurations. Each eon-

figuration represents a group of consonants that c~ be distinguished 

on the lips. For example, [l, w and Il are visually contrastive oon80n-

an,1:8 in iipreading and thus have the same eue. Conversely, the vili!ually 
1 

similar consonants (p, b and ml are identified by different hand eues. 

In this manner, a11 the consonants cao be clearly differentiated by 

reference to bath the lipread form and the accoupanyinq hand eue. 

The vowels are eued in 4 different positions; at the chin, 

the lnOuth, the throat and the side of the faèe. Each position conta!ns 

a lip spread, a Hp rounded and a lip open vowel which can be e4s11y 

differentiated on the lips. For example, the hand position at the chin 

18 the eue for [a, € and ul. 
, ~ i. 

Diphthonqs are cued by gliding ~rom the 

pasi tian of the initial ta the final vowel nucleus. The hand configur

;ltions and positions utilise-d in CUefs~ech are shawn in Figure 2.1. 

,', 
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Cues for Englîsh VQwels 

C~OIIp 1 Croup II C~OU:> III Croup ~V 
(ba •• poaitio:l) (lllQ'nK) (chln) (aoutn) 

op.n (a:) (fi~"er) la) (dllSt) (0: ) (f6r) 
(Clic) (outht ) 

fUtt~- lAI (but) (1) (1.) 'a) (B~t) 11:1 (fut) 
-nbx nl (~) (Qea.'t) 

~ 

lOIIDÙ4 

" 

. . 

o 

[l1&li) (_t" 
~t) 

[ai] (might) 
[a:] plus [il 

1 

"JI .. H 
Gro\Jp· Croup 

t h 

m 1 

f r 

[II) (&lSôcl) lu: J (blue) 
(put) (fc»d) 

, Diphthongs 

[ei] (p:ty) [au] (cow). 
(e) plus [il [a:) plus ['I] 

Cues for Engli$h Coruonants 

D ng L K 
Group Group Croup Croup 

d (ng) k 

p Y (fOU) sh V 

th ch w th (the) 

z 

la: ) (lln\) 
(hê.-) 

roi] (boy) 
[0:1 plus [il 

N -c 
Group Croup 

n g 

b j 

hw·" th' (thin) 

-Note: Th.e T group eue is also used ldth an' isolated \"Owe1-that is. 
an initial "o\\'cl not run in ldth a fioal consonant trom tbe" 
precedhfg srllable. 

Figure 2.1. Hand configurations and hand positions 
used to eue the phonemes o'f English. 
(Reproduced from Comett, 1967). 
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In rmming speech, the consonant-vowe1 hand eues are coarticu-

1ated in a one-to-one relationship with the-syllables of the language. 

A sen der is- able to transmit the eues in real time synch'ronously with 

speech, thus conveying a vieual analoq of the syllabic~phonemic-rhythmic 

patterns of spoken language (Cornett, 1975). 

The PtupOse of Cued Speech -
In designing Cued Speech, Com~tt' s lllain objective was to 

provide an" accurate means of verbal c01l1IIIUnication for facilitating lan-

guaqe deve10pment among hearing-impaired chi1dren (Come.tt, 1972a, p. 

213). He considered that if a child received verbal language pattèrns 

in 'a completely unanbiguous form, trom bis parents in ear1y years, he 

would deve10p language in a manner simi1ar to that of hearing chi1dren 

(Cornett, 1972b, pp. 228). In normal everyday situations, he wou1d 

1earn to associate meaning with the verbal patterns cued by his parents, 

and thus develop concepts in relation to his experience (Henegar and 

COrnett, 1971, p. 20; Lykos, 1971, p. Il). 

A1though the main purpose of Cued Speech i6 to develop language" 

Cornett (1967, 1972a,b) has claimed that it has several additiona1 bene-

fits. They inc1ude the notions that: 

1. Cued Speech should, by focussing a. child's attention on 

the Iips,' help to deve10p his or her lipreading ability 

without specifie training in lipreading. 

\ 2. Olildren who have acquired lanquage through the use of 

Cued Speech shouid be able to utilise 1inguistic/contextual 

, 

1, 
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, 
information to disambiguate- the visual or audio-viaual 

speech signal in the absence of eues. 

3. The use of Cued Speech with a child should lead to the 

development of s~ken lanquage prior ta any introduction 

of the written form. 

4. Cued Speech should he1p the child te generalise speech . .,.. 

production into spoken lanquage as its use defines where 

specifie patterns occur in speech. 

OOrnett (1975, p. 27) emphasizes, however, that ~ued Speech 

canno~ help a profeundly hearing-impaired child ta actually produce 

sounds sinee it in no way reflects articulatery rnovements. He suggests 

that the production of speech sounds be taught in a parai lei program. 

Cornett (p. 45) stresses als~ that, as-Cued Speech is a visual system, 

the use of audition must be develaped synchrenously. 

Since cued Speech was first developed 12 years aga, Cornett 

has expressed the need for researchers to investigate the various claims 

hé has ~for its effectiveness (Cornett, 1972b, p. 229; 1975, p. 29). 

ORly two studies specifically evaluating CUed Speech have been reported 

in that time, the first by Ling and Clarke (1975) and the second by 

Clarke and Ling (1976). In the (irst atudy, 12,~hildren ranging in age 

from 7-11 years, served as sUbjects. AlI the children had been introduced 

to Cued Speec~ because they had failed to make adequate academic or"lin-

guistic progress with traditional oral teaching. Their speech reception 

of phrases and sentences was tested both with and without Cued Speech. 

The results indicated that the children were more proficient at receiving 

sentences with cues (12%), than without (5.8%), but their performance in 

/ J 
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both modes was extremely limited. The second study vas designed as a 

follow-up, one year iater to evaluate progress. In this study, the .. 
aubjects' me an • jicore for the CUed sentence materials vas 62', an increase , , 

of 50' over the previous yel1~' resul.ts. Furthe:r:more their' responsea 

without eues had inereased to 19.4'. '1'he substantial ilprovement in 
1 . /" 

the children' s speech reception ability demonstrated by these resul.ts 

proyided compelling evidence fa%; the effectiveness of ,Cped Speech as a 

tool for clarifying the spoken message. It also support~d Corriett' s 

claim that Cued Speech vould enhance speechreading ability in the 

absence of eues (Cornett, 1975). 

" Concem vas expressed, however, by Clarke and Ling (1,976) 

over the finding that the subjects' scores with and without the use of 

audition were not significantly different. They s~ggested that the use 

of Cued Speech might have focussed attention exclusively on visual input 

and thus pretented the children 's development of auditory skills. , ' 

Further research was con~red necessary ta determine ~ether acoustic 

information could in fact be utilised as a supplement to lipreading by 

profoundly hearing-impaired children who had beÊm taught through the 

used of Cued Speech. 

The vri ter suggests that such researcb would have impÎications 

beyond the used of cued Speech. Any supplementary aid (sucb aS a tactile 

device) might a1so affect a profoundly hearing-impaired child's use of 
r 

residual audition or vision in speech reception. 
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The Present Study 

T.he present study vas designed to compare and contrast the 

performance of profoundly hearing-impaired ch~ldren under 7 conditions 

of speech reception. '!'hese were: 

1. Aud! tion (A). , 
2. Lipreading (L). 

3. APdition and Lipreading (AL) • 

4. CUes (C). 

5. Audition and CUes (AC) • 

6. Lipreading and &es (Le). 

7. Audition, Lipreading and CUès (ALe). 

The specifie questions investigated were ~ follows: 

1. How well can children receive linguistic information by 

means off,,~Cued Speech and what is the effect of the prolonged 

use of this system on their use of audi tion and lipreading 

abilities. 

2. :rf we Hnd that the simultaneous use of two modalitles 

enhances phoneme reception in nonsense syllables or words, 

'. can we assume that similar enhancement will occur in running 

speech? (Ling, 1976). 

3. What correlations exist between speech perception, speech 

production and linguistic skills? 

,4 > r 
In order to earry out this work, an original test of speech 

reception was designed and constructed. It included mate rials for testing 

phoneme reception in syllables and the perception of key words in high 

predictability and low predictability sentence contexts. Thes~ mate rials 
" 1 

vere videotaped and are available for use in furthe~ studies requiring 
. / 

measurements of speech J;'eception skills. 

1 

,1 
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METHOD 

\ Subjeqts 

A g~oup of,18 children, 12 boys, and 6 girls served as subjects. / 
~hey were drawn from St. Gabrie1's School for Hearing Impa!rèd Children,' 

Sydney, Australia, where Cued Speech bas been the principal'~eans of 

communication since 1968. AH children in the age radge 9 ta 16 years, , 
who had been in this program foi: at 1east 4 years', '\o1eJfe included in the 

1 

study. 

The children were profound1y deaf with pure ton~ averages in 

the better ear, over the frequencies 500 Hz, l kHz and 2., kHz ranginq , 

fram 97 dB ta 122 dB (I.S.O.). Data relating to e;ch subject"s l).eari~g 

10S5 i5 specified in ~able 3.1. This table shows tbat of the 18 sUb-

jects, 6 had no measurable hearing beyond 1kHz. 

Table 3.2 provides specifie ~n~ormation ~n family qlstory 
, ! . 1 

and educational baekg~ound. ~hè age when hearing'aids were tirst worn 

varied from 3 months. (Subject 6), 'to,.5 years (Subjects 9 and 'i3). 

,Five child~en, (Subjects l, 9, 11, l2~ and 13), had no pre-school 

trai~ing, but the rest had atte~ded oral pre-school programs which oftered 
\ 

guidance on ~ qne hour,p~ week basis., On reaching 
. , 

dren began at St. G~b~iel!s or other oral program§, 
1 

schoOl aga, '13 'chil-
, , ......... 

ând 5 (Sub~ectr 2" 

5, io, 12 and 17) a~t~nded a SChool'Where'spe~~h, finger-spelling and 
•• 4 ( 

si~s. were used. T.hese, children joined thè Cued' speech~roqram at St. 

" 
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, Table 3.la Heàring levels (ISO) of'ea~ subject inrdB at 

0 the five frequencies 250, 500, 1000, 200'0 a~d 4000' Hz., 
The pure tone average (P.T.A.) for each ear,over th~ 

, frequencies ~oq, lO~O and' 20PO Hz fs shown in the col ilinn 
~t the right., For averaging, t:l0n r'esponse was calculated as. 
125 48. . 

Subject Ear 1 
250 ' 500 ... 1000 2000 4000 P .T.A ... 

'"> J , 

1 L 80 8S ' 100 105 97 
\ 

80 ·85 95 101 t R 

2 L 80 ~O 100 105 llO' 98 
R 75 95 105 llO 103 • . 

3 L 85 85 100 110 100 98 
R 85 85 100 110 110 98 " 

4 L 9Q' 85 105 105 105 98 
R 90, 95 105 115 115 98 

, . 
5 L 7'5 85, 110 110 107 

R 80 85 105 110 100 

6 L 75 85 105 110 100 
R 75 85 105 110 110 100 

7 -L 80 90 105 107 , 
R .80 êS 100 103 

~ L 90 100 110 115 110 10é '" R 95 100 100 110 103 ' \ 

\ ' 
9 L 80 95 100 115 115 103. 

1 \ 

R - 80 100 105 115 115 107 

10 L 85 85 110 ~ 107 
R 85 90 110 115 ll5 105 

11 L 95 100 115 .,. 113 
R 80 90 10Ô 120 105 

12 L 85 95 110 110 110 
'R 70 85 105 95 105 . 

13 L 80 95 110 115 115 107 
R 85 100 110' 115 108 

h . 14 L 10 85 - ---' 112 
41 

r< R 75 100 105 ' 110 
-

15 L 95 110 120 
R' , 90 '105 120' 117 

'16 L 80 105 118 
" ! 80 100 117 

\ 

17 x.. 95 110 120 
I- R , 1 

li" 
n' 0 1& L 90 1l~ 122 

0 , 
R 90 115 122 

J' 

" 

ç. ..... ,;' .'~""rl~"" .. "'-~"'"""""-'" ........ .-,_._, -....'1"-....-1-.. ~ , '" "-r -, ):~-::"-- - , .' , .. . - ,- l, 
! .. 1,'f!. ., -

,,~ ,~ ", l4.~t .. ,!--:,·,\;· ... :~/'..!"; ... ,- 'l_ ~ ... , il ~ >- 1 ~,. " 
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Table '.2 s~ry of CbarActert~tles Re1atlnq to Each Child, ~'a.t.ii.k b4side a .ubjeet tndieat •• ~ 
pZ! .. nC8 of-a le.mi", dlaorder (see tcx~t~~~o~r~fur~the~~~~dœ.~t~a~i=l!~'~.~ ________________________________ ~ ____ _ 

Subject. t'bron. "90 
, at Tostlnq 

P.'l'.A. dB Cau .. GE AlJe whe" hearinq 
hteer br lIearinq LQs. aidS ,Urst vorrl 

Typo of llre- "gll When ND. of f_ily 'feachu' • 
School Proqna nrat beqan ...-ber. utiiftIJ Rata, of 

CUc4 • Speech CuecS Speeeb IDtalli9ence 

1 lOf4 9'1 Viral infection ~ l:U' Nil 4tO J S 
at 15 .,nth. 

2 .121"10 98 Pro-natal lr 3 oral parent! 7.6 2 5 
l\l\e!IOOrrhaqe lnf.nt 

3 ,1313 
~~._--------r,~---

4 13:10 

5 14.6 

98 !tubeUa 

98 Rubella 

112 ~Nil 
Boarded I\t J'yr •• 

__~~ ~ __________ ln o~Àl ~ogra .. 

hlC OrOll parent/ 
infant 

8116 O' 5 

5.3 1 • .5 

100 HUIIiP. at 10 ., •• '- • 2.0 Oral parent! 8.1 2 2 
infant .".. ... 

6 13:1 100 Rubella 0.3 Or.l pal'ent/ S.6 - :2 6 
Infllnt 

7 1l.3 103 Rube1la l,fi Oral parent! 3.10 \1 4· 
infant 

8 15.2 103 Rubena 0,10 Oral par.nt! 51' 2,_ 2 ' 
,--__________________________________________________________ ~in!ant 

• 9 16,!I 103 , lnfluenlla 5.0 N11 6.4 o 7 
_.~-_._.-

10 13.2 105 ~ubolla 115--"-- Oral PfironV, 8.7 :1 3 
o ____ ~~.JrlJ'a_l'\t_~ ____ ~ __ 

11 14.6 las Iferodltary 2.0 Hil • S,l o 3 

---------------------------------------------------------~ ? 12 13.3 

13 14:6 

14 1314 

15 912 

16 15,1 

11 14.2 

lOS 

107 

uo 

117 

117 

120 

Rubc 11 a 

He rec!lt&ry 

Rwella 

lbIbol1a 

MIInlnqitis at 
14 IIICmt/tS 

Meni.rl91Us et 
:u wonths 

• 

3.0 

~5.1 

":0 

2.00. 

1,10 

3.0 

Hil ,8!10 1 S 

Hil' 5.1 o 2' 

Or.1 [ldll:nt! 'J,l1 1 .3 
, ,Infant. 

Or"l + eued Spellctl.210 2 2 

orat pouent/ 
Jnf4llt 

Oral parent! 
infant 

5.0 

9,7 

o 4 

1 :1 

• 

1:8 16.6 122 Ile redl t.ary 1.7 John 'l'racy 7,11 5 3 
•• CorrcsEgn4ence 
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Gabriel's oetweèn 6 and 9 years of Age. 

~e earliest age at which Cued Speech was first used with a 

child was 2 years Cstibject'lS), 'the latest, 9 years (Subject 17).--Table 

3.2 also indicates the number of family members who.communicated with 

eaCb child us1ng Cued Speech • 

As no formaI intelligence scores were available for aIl children, 

teachers rated the SUbjects D~ a 9 point sqale: 1 - 3 below average, 

4 - 6 average and 7 - 9 above" average. ~These ratings shawed that aIl but 

one of the children were of ~verage o~ above avera~ intelligence. Five 

children we:te a1so· judg-ed by the teachers to have learning difficulties 

in addition to hea~in9 impairment. 

Matetials and ~pparatus , 

Syllables 

'l'wenty-eight consonants were drawn from each class of saunds. 

These consonants were p, t, k, b, d, g, m, n, f, v, l, r, w, j, e,~. S, 

z, J, h, tI, d3, p, t, k, b, d, g and included released and unreleased 

stops •. They were cambined with the b~G:k, middle and front vawels ru) 1 [a] 

and [il in CV (consonant-vowel) or VC syllables. These syllables were 
1 

ré~ated, for example [pa/pa], fit/ft)'. to ensure that .the transitions 

between consonants'and ~els'~ere optimally·salient. Three con~onants 

I~), 11)), and (M) wez:e not included as they do not o,ccur in these thr.ee 

vowel co~texts in the ~nglish lan~uage. Bach list contained 84 stimulus 

items, 28 consonants eombinèd with the three vowels. They were randomly 

. ' .. - ,- -
, ~", -., 
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arranged sevan times to proviae a different ~xder for each of th~ seven 

conditions: Audition (A), Lipreading CL}, Audition and Lipreadlng (AL), 

Cued Speech (C), Audition and CUed Speech (AC), Lipreading and Cued 
, ( ,.. 

Speech (Le) and Audition and Lipreadinq and CUed Speech (ALe). An 

e'xample of One of the syllable lists utilised in the eçerimerit 18 pre-

1 sented as ,Appendix 1. 

'\ 

o 

Key Words in Sentences 

Key words in sentences were chosen as ,stimuli to measute 

speech reception in a linguistie contexte As it was essential to 

ensure that unfamiliar vocabulary items and sentence patterns W9ula not 
o 

bias scores (Lloyd and Priee, 1971), aIl sentence materia1s were speeial1y 
, ' 

constructed. 

selection of test words was'aceomplished by drawing over 300 

monosyllabic nouns from the first three levels of the Basic Vocabulary 

and Lanquaqe Thesaurus (Ling and Ling, 1977). Althouqh these leve}.s 

eôntain elementary voeabulary topies such as food, clothing and animaIs, 

knowledge of the words was tested by means of a piqture-association 

vocabulary test, one month prior to the experiment. "l'his test is pre-

sented as Appendix 2. 

FrOJll this initial corpus of vocabulary, 108 items' were selected 
t 

for the experiment. They were divided into six groups, each containing 

18 test words. An equal number of WOrdS, with back, middle land frOnt 

vowels were in each group, and consonants from aIl classes of sounds 

were distrlbuted among them as evenly as possible.- ' 

, ' 
Selection of the sentence pattems used in the study was 

, Il< . 
'" -: : ~ #"1:."'" :-'7'1*'''"".:''"'' ,- • ... 1" _r;- --.;r-.: ........ ,. ":r~~-- ... t .'. .. ~--~>-' - ~r.~'"':_~ n ... ·- 'il _~... .~ $4 4. (, ..... 'Î#. ',.._,... ,,:.. - -~ _.. ~ ... 1 i~ 
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carried out through reference to the children's own expressive language. 

Sentence types were chosen from the language program used at St. Gabriel's 

School; namely, "Oral Engli.sh", (Tate, 1972) and checked for expressive 

use through the analysis of language samples. 

" Test construction involving words in sentences was achieved 

by campiling six sentence lista of 36 items. The 18 test words were 

pres~~ted t~ice within each test. T~ey appeared as the final word in 

both low predictability (LP) and high predictability (HP) sentence 

contexts (Kalikow, Stevens and Elliot, 1977). 

Bach 10w predict~ility sentence consisted of four words. 

The firet three wards, those preceding t~e test ward, provided a pro-

~sodic p~ttern. (question, statement or command contours), and a syntactic 

framework, but no semantic clues to the identity of the test words. 

Typical of the low predictabdlity stimuli were sentences such as: 

"Where is my book?", "1 like your hair.", "Go in that room." 

The high predictability sentences consisted of five 

words~ They prot;ded a prosodie ~d syntactic framework, and 

to nine 

also 

semantic clues to the identity of the final test ward. Èxamples of 

high predictability stimuli were sentences such as: "Mum's money ia 

in her purse.~', "Go to sleep in your bed." and "Is that a mouse or a 

rat?". Within each sentence list, the LP and HP sentences were randomly 

'distribute6. Al~ six lists uti1ised in the experiment are p~esented 

as Appendix 3. 

- .... r - • , .' 
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The ma~erials were videotaped in colour by a professional team 
~ 

An Australian se.rved as the speaket and used the eues that were appropriate 

for the Australian v~ls. Tc provide an auditory condition, only the 

sound track.of the videorecQrdinq had ta be employed. Under the lip-
" 

reading 'bd lipreading plus cues conditions the sound track was turned off. 
1 , 
~. 

1 

r) ./ • 

Tc present cues alone the material was recorded witbout speech or lip 

IOOvement. The same procedure was employed in the audition plus eues 
i 
~ con di tian and the sound was subsequently reco\ded in synchrony vi th the 

i 

hand eues. The visual stimuli were equivalent across all conditions. , 

r , 
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Apparatus 

tapere~der and colour television receiver with 

ta present the speech recepti~ test tapes. The 

auditory signal was fed lnto a custom built, four channel calibrated 

A ,SOny vldeo 

a 25" $crll[!en were used 

audio amplifier, developed at the National Acoustic Laboratory in 

Sydney, Australia. Four headsets with TOH 39 earphones housed in 

MX 41AR cushions were connected ta the output channels. Each channel 

was capable of providing a sound pressure level of 130 dB. Output could 

be regulated for each child to within 1 dB of a selected level. Input 

ta this amplification system could also be calibrated to within l dB. 

Since a l kHz calibration tone had been recorded on each v.ideotape, this 

permitted highly reliable replication of sound levels from one test ses-

sion to another. 

Procedures , 

stibjects were tested in five groups of two ta four 

children. '!bey were seated in an arc four feet from the television 

screen, and positioned 90 that no child had more than 30\ viewing 

angle. Bach sUbject's most comfortable listening levei (MCL) was 

determined in three trials· and checked for reliability before testing 

bagan. 

The syllable tests were presented.fi~st, with aIl groups 

receiving a different arder ~f,presentation to control for Any 

learning effects. As the ta:sk in these t~sts ~as one of consonant 

identification rather than discrt$ination, the children were not 

;:,. .' 1 
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given a list of possible stimulus items. They were informed that 

the consonant sounds would be combined with a closed set of vowels, 

[u], [a] and [iJ .which they were to write in alphab~tic spe1lings, 

Le. 00, ar and ee. AlI consonant phonemes except for HH and [9) 

could a1so he written with alphabetic spellings. For these two 

sounds, the children were requested to write th for [el and TH for 

[CS) '. Five practis~ items were presented live he fore each test. 

Instructions were that the children write aIl thé syllables and to 

guess if they were not sure., Bach syllable list took twelve minutes 
~ 

to complete. 

The key word in s~ntence tests were counterbalanced,so that 

each group of subjects received a different sentence list under every 

'condition. However, th~ sante list was used fC)r both Audition (Al and 

Lipreading (L) conditionb as it was k~~wn that the children wou Id 

barely distinguish the ~entences through audition ~lone. This 
1 

counterbalancing procedure i5 presented in Table 3.3. In addition, 

the conditions were presented in fi random order to each group. Three 

practise items were given before the sentence tests, with instructions 

to write only the last ward, and to guess if they were not sure. The 

36 item lists each took eight minutes to complete. 

Scoring 

The syllable tests were scored by markinq the responses vith 

bath the consonant and vowel in the right order, as correct. The correct 

responses associated with each of the vowels [a]; [u], and- [il ~ere 

tallied separately for each\child and converted into percentaqe scores. 
1 

I-
I 

"'. 
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Conditions 

L AL C AC Le ALe A 
Groups .. --------------------------__ 

1 1 2 

2 2 3 

3 3 1 

4 4 5 

5 5 6 

Table 3.3. 

, -, ' 

3 4 5 6 1 

\ 

4 ' 5 6 1 2 

2 4 5 3 

6 2 1 3 4 

1 3 2 4 5 

The co~terbalanced design used in the 
present\tion of the sentenèe lists. The 
numbers qiven in the celle specify the 
sentence list used for each group under 
each condition. 
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The key words in sentences were marked as correct or in-

correct. The correct résponses for high predictability and low , 

predictability sentences were also tallied $eparately for each child 

and converted into percentage scores. 

Additional Measures 

Additional independent variables relating to the children and 

relevant to this study were the adequacy of the ir hearing aids, their 

speech production abilities and levels of language acquisition. To 

Jleasure these variab.les, the five sound test (Ling and, Ling" 1978), 

and Phonetic and Phonologie Level Speech Evaluatiops (Ling, 1976) were 

administered, and oral language samples were obtained from each chi1d • . 
-

The adequacy of the hearing aids was assessed in order to . 
carry out the speech production tests. These assessments were made in 

accordance with the procedure outlined in Ling and Ling (1978). 'lhey 

revealed that, at the time of testing, aIl aids were functioning, twelve 

of the children were optima1ly fitted. and that six of the aids required 

some minor adjustment to provide ,a more appropriate frequency response. 
, 

These results are vastly superior to those generally reported in the 

literature which shows that on1y a sma1l proportion'of hearing aida in 

schools for the deaf are even in actual working order at any given 

time. (See Ross and Gio~asr 1978, pp. 280-281.) As the ade~cy of 

aids would likely be a highly variable factor throughout a childls 

development (Zink, 1972), results obtained by testing hearing aids on 

this one occasion were not considered further in this research. (It 

was for this reason that an amplifier and headphones were used for the 
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speeêh reoeption tests in order to provide optimal listening conditions 

throughout the experiment (see below) . 

Phonetic Level Speeêh'Evaluations were administered in a 

quiet, distraction-free room by a skilled examiner. The child' s teacher 

was present throughout the assessments, and in each case verified that 

the results obtained represented the child's best performance. Phoneme 

targets consistently (J) produced correctly liere tallied to arrive at a 

score for these evaluations. 

Phenologie Level Evaluations were carri~d out to assess speech 
'\ ~ 

production abilities ~ithin the context of spoken language. Oral language 

samples vere obtained from each child in five different linquistic 

situations: 

. 
1. A conversation vith parent or teacher focused upon a 

topie of interest to the child. 

2. A description of the child 1 S bedroom. The purpose here 

was to sample language used to describe spatial relajton-

1 
ships. 1 

3. A narrative abo~t a sequence of pictures. 

4. The sequeneing of an aeti vi ty • 

5. Question respon'Ses to Open-ended statements. 

The se samples were recorê1ed on tape and the teachers transcribed 

what each child said. No predetermined figure was set for the nUllber of 

utterances in a sample. AlI the children were 9i ven the same linquistic 

situations and could re~pond individually. Subject l7's sample contained 

60 utteranoeslwhich is the lower linût, whereas many sample~ contained 

() 
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over 100 utterances. 

Two skilled examinera made judgments from,the tape recordings 

as to whether phonemes were consistently (.,/) or inconsistently (+) 

present, or absent (-). Only those phonema. consistently present wer6 

tallied for the purposes of this research. 'lhe phonoloqic speech sauples 

were then ranked by the two examiners for intelligibility. 

The Language Me as ures were derived from the oral language 

samples • A èorpus of 60 consecutive utterances drawn from each of, the 

linguistic situations was used for these measures. Only those utterances 

that were both syntactically and semanticaliy ~ceptable were analysed .. 

The score for ci chifd's language sample was determined by bath 

\ 

the lenqth and complexity of each acceptable utterance. First; the 
). . 

number of words in each sucb utterance was counted. Next, its coD);)lexity 

was calculated by rating its content and clause structure fram l ( a 

single word utterance) to 7 (àiscourse style), according to the develop,

mental stages dutlined by Crystal,' Fletcher and Garman (1976). The 

length and oomplexity ratings Obtained were then combined into a single 

score by multiplication. Thus, for example, an utterance of four verds 

rated at compl.exity levei 5 resulted in a score of 20, and another utter-

ance of five woms with the SaDIe complexity rating resuited in a score of 

25. Finally, the mean 1ength x ~lexity score for each child was de ter

mined by adding these scores and di viding the total by 60, the nUJlber of 

utterances in the corpus. An advantage of this procedure was that it 

penalised sUbjects for produci~g syntactically or semantically unaccept-

able utteranees sinee suèh utterances were not seored, but were ·included 

.,~ • ....-.}"",:~-;,,,,,-\\~ ~_.f}~' 

~ i: l " ... '. ~ 
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in calculating the mean length x complexity rating. Four of the language 1 

samples are inCluded as Appendix 4. They represent the range of linguis-

tic abiliti~s of the subject population and also illustra te the language 

scoring procedurès. 

Treatment of Results 

Scores for each of the dependent variables, i.e. syllables in 

3 vowel ~ontexts and Key words in high and'low predictability sentence 

contexts were treated by means of separate analyses of var~ance. Signi-

ficant main effebts among results were then further analysed using the 

Newman'-Keuls procedure {Keppel, 1973),", Significant interactions were .. . - .. ~- . 

also analysed using a Test of Simple Effects (Keppe1, 1973). Con,fusion' 

matrices were constructed ta depict the patterns of subjects' responses 

to the syllables presented under aIl conditions. Correlation coefficients 

between each independent and depenôent variable were also calcu1ated, as 

were rank order correlations between intelligibility and aIl other vari-

ables. Only those results which reached a .01 leve! of significance will 

be reported and discussed. 

. \ 
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Olapter 4. 1 

l' 
RESULTS 

Condi tians of Presentation ' 

" 

c," 

" 1) 
, Il 

'Scores obtai!led by the individual subjects for,~ SYlt~~8 
and the key words in sentences are presented in Tables~~l and 4.2. In 

titis study, the primary interest was the" relat:ive efficien~ with 1ihich . '- (' 

the subjects were able to receivl! I speecll un9,er the s~ven condit,lons of 

presentation. The differences thaf were Obtained are illustrated in 

Figure 4 .. 1,. This. FiCJUre déplcts the subjects' .~ scores for, the 
<1 , 

syllables and key words in senténces. separate analyses of variance 

were carried out on the two types of materials.' Sùmm&ries of these 

analyses of variance and the Newman-Ke\1ls tests relating ta each, are 

presented in Tables 4.3 and 4.4. 

Syllables 

Fiqure 4.1 shows tbat lar9è differences ,wel;'e obtained amonCJI 
\ ' , ~., 

, , 

the conditions fOl;' the sy11able materials. '!'he res'ÙtS of the ANOVA 

indicate that these differences were siqnificant beyond the .01 levei. 

Under audition alone (A) the subjects' scores~ were neqligible, wh.raa. 

with l1preading and eues (~), and audition, liprea4ing and cuts (ALe) 

mean scores of over 80 'percent were obtained. The Newman-Keuls teàt ~ 

revealed that scores for audition alone '(A) vere sicjnificantly poorer 
\ 

1 r 

than for a11 other conditions, and that scores for lipreadinq and- 'cues {Le) 
, ' 
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Subj~cts 

1 

2 

3 

\ ' 

'( 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
'0 

15 

16 

17 

, 18 

. . 

Table 4.1 

Subjects' percentage scores correct fo~ syllables 
under each conqition of prss~ntation' 

A 

1.1 \ 

1.1 

13.0 

, ,0 

.11.9 
-' 

0' 

5.0 

4.0 

1.1 

2.4 

o 

o 

o 

1.1 

1.1 

.1 

o 

L 

36.9 

33.3 

28.6 

23.8 

40.5 

27.4 
• 

20.2 

29.8 

27.4 

29.8 

21r.;-
32.1 

28.6' 

36.9 

27.'4 

41.7 

AL 

52.4 

34.5 

40.5 

22.6 

57.1 

46.4 
. ... 

22.6. 

42.9 

38.0 

31.0 

38.0 

" 21.4 

33.3 

23.8 

29'.8 

33.3 

35.7' 

c 

42.9 

34.5 

33.3\ 

33.3 

~5 ... 7 

42.9 

35.7 

42.9 

• 31.0 

34.5 

41. 7 

44~0 

32.1 

41.7 

125.0 

40.5 

42 .. 9 

/ 

1 

ç. 

AC 

31.0 

41. 7 

44.0 

33.;3 

46., 

47.6 

37.0 

:33.3 

45.2 

33.3 

34.5 

)9-,3 

35.7 

31.0 

44.Q 

45.2 

./ " 

Le 

83.3 

77.3 

81.0 

69.0 

98.8 

78.6 

69.0 

',95.2 

89.3 

70.2 

.86.9 . 

67.9 

86.9' 

85.7 

81.0 

95.2 

91.7 

, 95.2 

63.0 

81.0 

16'.1 

65.5 

96.4 

77.4 

73.8 

91.7 
, \. 

71,.4 

92.9. 

59.5 

72.6 

78.6 

95.2 

89.3 
1 

95.~ 

p 

'. 

1 

-.. r ,'J 
: 1 
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Table 4.2 
\ 

• 1 ... 

. Subj$ct~' percentage scores correct for ~ey words in sentences 
. 1 lUlder each condition ètf presentation 

" 

SubjectS 

. , 
2 

3 

4 

5 

6 

7 

8 

9' 

10 
. 11 '. , 

12 

'1 13 

.-, 14 

15"\ 
16 " 

. 
18 

A 

2.8 . 

~.8 

5.6 

o 

8.3 

2 •. 8 

o 

2.8 

o 

2.8' 

o 

·0 

o 

a 

o 

o 

o 

L 

25.0 

38.9 

19.4 

30.6 

61.1 

33.3 

22.2 

47.2 

19.4 

22.2 

'30.6 

6.6, 

"-2s.0 
30.6 

39.6 

30.6 

36.1 

AL c AC Lê ALe 

~ 
72.2 33.3 66.7 100 100 

38.9 52.8 61.1 77 • ., 97.2 

52.8 41. 7 77.8 100 91.2 

22 .. 2 75.0 52.8 100 ' 91.7 

72.2 63.9. 61.1 100 '100 

66.7 100 91.7 , 

41.7 {;9.4 97.~,.~ 97.2 

58.3 38.9 52.8 100 100 
, \ 

.27·i 38.9 63.9 '86.1 88.9 

44.4 41.7 '94.4 97.2 

72.2 80.6 . 100 91.2 

1 16.7 52.8 69.4 91. 7 100 

50.0 50.0 91. 7 

i4.4 30.6 55.6 91.7 

13.9 50.0 63, .. 9 100 97.2 

47.2 25.2 52. El 100 

50.0 55.6 69.4 91.7 

19.4 52.8 66.7 100 94.4 
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70 

-(,) 60 
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o 
(J 50 -~ 40 
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. Q.. 30 

20 

" 

,JA 

El HP sentences 

I~~~~~I LP sentences 

Il SyJlables 

• 

t = 7.57 
t- 7.57' ' 

t=4.95 

. ' 

t ... 42.52 

0' et r;; 

Fiqure 4.1~ 

<. Conditions 
Mean scores for syllables relative te mean scores for 
key words in hiqh predictability and low prediétability 
sentences. 
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Table 4.3 
" .4 ' 

Summary of ~he lA) Ana1ysis of Variance and 
, (Il Results of the Newman-JCeu1s Test 
of SubJects' ·Scores for Syllab1e Jeception 

'(A) 

'Source of Variance 
Degrees of 

Freedom 

Conditions (C) 
Error: SC 

Vowe1s (V) 
Error:., SV 

CxV 
Error: SCV 

(B) 

A 

... 

.. 
17.06* 

45362.95 
138.59 

991.38 
~ 68.50 

165.'51 
45.33 

.' 

< 

Conditions of presen,tation " 
AL C AC 

19.66* 

2.60 

21.13* 

4.07 

1.47 

23.25* 

6.19* 

3.59 

2.18 

/- -

* Significant beyond the .01 leve1 

~ 

• 
-~. 

----, 

.. -- -

' . 

6 
90 

2 
30 

12 
180 

ALe 

48.85* 

31.79* 

29.13 

27. 7~* 

·25.60* 

./ 

/ 

Il .. ' 

l' 

327.31* 

14.47* 

3.65* 

..-/ 

Le 

50. 79~ A 

33.73* L 

31.13* AL 

29.66* C 

27.54* AC 

1.94 ALe 

LC 

. , 
r 
1 

: 
1 \ r , 
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Table 4.4 

sU1lllllaiy of the on JUta1ysis of Variance and 
OU Result~ Qf the Newman-Keuls Test of Subjects 1 

Scores for Key Wc)rds in Sentences 

(A) 
Source of Variance 

Conditions (C) 
Error: SC 

Predictability Cf) 
Error: SP 

exp 
Error (SPCl 

L 

11.18* 

Degrees of 
Mean Square Freedom 

l,. 

42509.42 6 
226.81 90 

1203.45 1 
92.24 15 

104.43 6 
57.69 90 

. Candi tions of Presentation 
AL~ C AC ALe 

11.21'" 17.93* 24.84* 37.49* 

6.02* 6.65* 13.65* 26.31* 

0.62 7.62* 20.2B* 

7.00* 19.65* 

12.65* 

!l' 

r 

F 

187.42* 

13.04* 

1.81 NS 

LC 

37.62* A 

26.43* L 

20.41* AL 

19.18* C 

12.78* AC 

0.12 ALC 

LC 

(====================================~=============================== * Significant beyond the .01 levei 
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, 
and audition, lipreading ana eues (ALe) wex:e significantly better than 

for a11 other conditions. The~ were no significaht differences among 

the results for lipreading CL). audition and Iipreading (AL), cues (C) 

and audition 'and eues (AC). Mean scores for the se conditions ranged 

between 30 and 40 percent correct. The significant diffe~nces for the 

vowei context and vowel context x conditions shown in ~able 4.3 will be 

treated later. 

Key Words in Sentences 

Significant differences (p < .01) vere aiso found amonq tlle 
~ 

conditions of pre~entatio~ for the key words in $entenees (see Table 4.4). 

Figure 4.1 shows A the subject~' mean scores for the perception of these 

materia1s under the lipreading and. eues (~) and audition, lipreading 

and eues (ALe) conditions vere 96 and 95 perc~nt respectively. The 

Newman-Keuls test indicated that, in contrast to the results for the 

syllable materials, significant differenee~ (p <.01) were obtained 

among a11 conditions except audition and lipreading (AL) and eues alone 

(C); and lipreading and cues (Le) and audition, lipreading and cues (ALe). 

There vere significant increases in mean scores for audition and lip-

reading (AL) over lipreading alone (L), and audi tian and eues (AC) over 

cœs alone (C). ~e E!,ubjetts' performance for the 'audition and lipreading 

(AL), and cues CC) conditions vas not significantly differeat. As in 

the case of syllabl~s, the mean score for aUdi~ion a10ne (A) was ne911-

gible. ~e significant difference relatLg to' tbe pJ:edictability , 
)\ 

• J 
variable shown in Table 4.4 will be tr~ated later. 
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The Effect of Vowel Context on Syllable Reception 

The subjects' reception of consonant phonemes in the three 

vowel environments (a), [iJ and lu], varied significantIy. Mean scores 

for [a] and li] were higher than for lu]. The siqnificant interaction, 

plotted in Figure 4.2, shows how consonant reception was influenced by 

the vowel context ta varyinq deqrees under the seven conditions of pre-

sentation. A Test of Sillqlle Effect~ indicated that the variances were 

'significantIy different only under five of the presentation conditions 

(L, AL, C, LC, ALC). The si91'1ificant t scores obtained from this test 

are aiso shawn in Figure 4.2. Mean scores for consonants were si91'1i-

ficantly poorer with the vowel [u1 than with the, vQWels [a] and [il, 

under the L, AL, Le and ALe conditions. Under the C condition the 

poorest" scores were associated with the vowei [a). 

Confusion matrices of the subjects' responses for the consonant 

s111ables with eaCh vowel under each condition are presented as Appendix 

5. These illustrate both the nUllber of correct responses for the syll-

ables and aiso the patterns of errars. 

'llle Effect of Linquistic Context 

n 
The individual scores for perception of key w~rds in hi9h 

JI)~dictability an-d low predictability ~entence conteXts are presented 

in Table 4. S. The differences that were obtained relative to syllable 
1 

reception and the predictability of 'the key words in sentences under -. . 

the various con~tions of presentation are illustrated in Figure 4.1. 
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Table 4.5 

The Percentaqe of Key words Correctly Identified by Each subject in Higb 
and Law Predictabi1ity Contexts onder ea~ Çondition of Presentation 

L C AC 
Subject LP HP LP HP 

AL 
LP HP LP HP LP HP' 

LC 
LP HP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

r 13 

14 

15 

16 

.. 17 
~18 

o 
o 

5.6 

5.6 

5.6 5.6 

o o 
5.6 11.1 

o 0 

5.6· 0 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 

a 
5.6 

o 
5.6 

5.6 

o 
o 
o 
o 
o 
o 

22.2 27.8 

38.9 38.9 

Il.1 27.8 

27.8 33.3 

61.1 61.'1 

50.0 16.7 

16.7 27.8 

50.0 44.4 

22.2 16.7 

11.1 33.3 

22.2 33.3 

22.2 38.9 

5.6 5 .. 6 

27.8 22.2 

22.2 38.9 

27.8 33.3 

27:8 33.3 

27.8 44.4 

61.1 83.3 

33.3 44.4 

33.3 72.2 

5.6 38.9 

66.7.77.8 

38.9 61.1 

83.3 61.1 

55.6 61.1 
~P,< 

27.8 27.8 

33.3 55.5' 

72.2 72.2 

27.8 5.6 

27.8 38.9 

50.0 3B.9 

16_7 11.1 

38.9 55.5 

55.6 44.4 

~.8 11.1 

22.2 44.4 

44.4 61.1 

38.9 44.4 

66.7 83.3 

55.6 77.8 

55.6 66.7 

72.2 83.3 

50.0 55.6 

61.1 56.7~ 55.5 66.7 
38.9 44.4 

38.9 44.4 

44.4 33.3 

50.0 27.8 

38.9 44.4 

55.6 55.6 

50.0 55.6 

50.0 50.0 

33.3 27.8 

33.3 66.7 

27.8 22.2 

55.6 55.6 

22.2 83.3 

(1 

66.7 66.7 

61.1 77.8 

50.0 55.6 

55.6 72.2 

61.1 83.3 

72.2 88.9 

66. i 72.2 

44.4 55.6 

50.0 61.1 

61.1 66.7 

55.6 50.0 

72.2 66.7 

61.1 72.2 

100 100 

61",1 94.4 

100: 1.00 

100 100 

100 100 

100 100 

100 94.4 

. 100 100 

94.4 77.8 

94.4 94.4 

100 100 

88.9 94.4 

100 83.3 

88.9 94.4 

100 100 

100 100 

100 100 

100 100 

~ ..... '~:- --""I~ ~ -"'" .. - l 

o 

l\LC 
LP HP 

100 100 

94.4 lqo 

94.4 100 

88.9 94.4 

100 100 

88.9 94.4 

94.4,100 

100 100 
~ 

100' 77.8 

94.4 100 

94.4 100 

100 100 

83.3 94.4 

94.4 94.4 

100 94.4 

100 100 

88.9 94.4 

94.4 94.4 

;;-

1 
\JI. .... 
1 
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An analysis of .. varianoe comparinq the results for syllables, and high 

and low predictability sentences was carried out. A s~ry of this 

analysis of variance is presented in Table 4.6. The perception of key 
\\ 

words in sentences was 'si~icantly better in high than\lD low.pred1ct-

ability sentence oontexts' (see Table 4.4) and there~was a slgrificant 

interaction between levels of predictability ~d Conditions of pre-
> , 

sentation. ~sts of Simple Effects revealed differences beyond the .01 

level of siqnificance among scores for the different types of materials 
- . 

under the L, AL, C, AC, Le and ALe conditions. As shawn' in Fiqure 4.1 

no suCh differences were found under the auditory CA) condition of 

presentat~on • 

Correlations Amon9 the Additional and 
Dependant Variables 

The results of the measures of lanquage, speech inte 11 igibilit y 

and phone tic and phonologie speech skills are presented in Table 4. ~ , 

Coefficients of correlation were calculated between these variables, 

age, avérage pure tone hearing levels, age when hearing aids were first 

wom, age when Cued Speech was first used, 'intelligence ratings and the 
1 

scores f~ the syllables and key words in sentences under each 

condition of presentation. Only those that reached or exceeded a .01 

level of siCJrificanee are reported below. 

Phonetic Level Speech $kills corfelated with: 
1 

Phonologie leve~ speech ski~lS Cr = .71) and 
\ 

Syllables under the'LC condition (r - .54). 

, 
, ., 

,- ,\ 

• 1 
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, ~ ,\~ 
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Table 4.6 

SU1lllllarY of the Ana1ysis of Variance for Subjects' Scores 
for syllables and key words in high predictabi1ity 

and low predictabili ty sentence contexts 

il 
Source of Vu-iance Mean Square 

Conditions (C) 56504.08 
Error: SC 185.85 

...,p 

Materials CM) 5140.63 
Errer: SM 128.03 

CxM 533.54 
Error: 

ç 
SMe 73.04 

• Significant beyond the .01 levei 

\ 

/ 

Degrees of 
Freedom 

\ 

6 
102 

2 
34 

12 
204 

F 

304.02* 

40.15* 

7.30* 
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Subjects 

5 

1 

3 

16 

8 

6 

11 

17 

12 

18 

9 

13 

10 

7 

14 

4 

2 

15 
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'l'able 4.1 

Average Hearing Leveis, Intelligibi1ity Ranking, Scores on 
the Phone tic an~ Phonologie Level Speech Evaluations 'Q, Langu .... Score. for: each of the 18 Subjectl1 

; 

Intelliqibili ty Headnq 
Rating LOss Phonetlc Phonoloqlç 

. 18 100 32 39 

"17 97 36 39 
-------

16 98 23 29 

15 117 42 29 

14 103 36 23 

13 100 29 27 

12 105 27 2S 

11 120 30 17 

10 105 28 14 

9 122 2l 15 

8 105 32 18 

7 107 29 16 

6 105 22 10 

5 • 103 ~O 9 

4 110 23 7 

3 98 18 5 

2 98 27 12 

1 117 14 5 

1 

, . 

: 

tanquaqe 
Score 

34 

21 

24 

35 

69 

16' 

36 

36 

11 

33 

12 

33 

23 

16 

19 

40 

6 

47 

~_: j- - ~~ 'jl'~~~~;~i~'~i:~~;r ~ .f:;y,~~~~;:.r<~~i·~;1!_~~""j;~~:t-I,"V "~~ -:-:f .. :T ~~;.r~~'(~~ 1'~~:-r: -, --'": ~ , : ~,-~ 
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Phonologie Level Speech Skills correlated with: 

Syllables under the L condition Cr :: .56) 

'Syllables under the 4rndition. Cr = .86) 

Sentences under the / condition Cr = .57) and 

Sentences under the AL condition Cr .... 63). 

Lanquage seo;". "'1related vith, 

SentenceS undelr the Le condition Cr = .60). 

Syllable scores under the L condition correl)ted with: 

Syllables under the/iAL condition èr = .64) 

Syllables under the Le condition (r = .74) 

Syllables under thè ALe condition (r = .58) and 

Sentences under the A alone condition (r = .59). 

Syl1able scores under the AL condition correlated with: 
i 

Sentences under the A alone condition (r :: .59). 

Syllable scores under the Le con~tion correlated with: 

Syllables under the ALe condition (r = .84). 

Key wo~ds in high predictability sentences under the LC condition 

correlated with: 

Key words in HP sentences· Wlder the L con di tian (r'" • 58) and 

Key wdrds in HP sentences under the ALC condition Cr .... 66). 

The intelliglbility rankings of the subjects speech were COUI-

pared with aU other variables. Rank order correlations reaching the 

.01 level of significancè emerged between ~nte~li9ibility and only four 

Il 
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l 

/ 
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other variables: 
" . 
Phone tic Level Speech Ski1ls (Rho •• 71), 

1 

Phonologie Leve1 Speech Skills (Abo = 
- 1 • 

.95) 
1 

Syllables uhder the AL condition· (abo • .69) and 

Sentences under the 'AL condition (abo • .63). 

/ 
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Olapter S 

DISCUSSION 

/ 

'l'be differences among the childrens t speech reception perfpr

mances under the varlou~ conditions of stimulus presentation were of 

primary interest in this study. In the following'discussion"each con

dition of presentati~ will ~ treated sequ~ntial1y. Re'sults for both 

the syllables and the key ~ords in sentences will be examined in each 

se'c~ion. 
" 

Auditio~ 

Results obta!ned for the identification of syllables and,key , 
words in sentences thr?ugh audition atone, were extremely low. Correct 

and incorredt responses made by the subjects are illustrated in the 

c:onfusion matrices (Appen(lices Sa, Sb and Sc). The se matrices ~how both, ' 

the stimuli and responses for consonant phonemes in each of the three 
1 

vowel contexts [a, u and il. Except for' biases towards the phonemes 

[b, m, f and tl responses were qufte rélJ'ldom in nature. '!'bere were no 

1 

observable qrouping:s of phonemes by the subjects on the basis of low 

~requeney acoqstic information~ Although acoustic eues for the'dis

erimination of soma manner groups (e.g. nasals, semi-vowels and, plosives) 
o 

and voiced/voiceless distinctions are available undex: 500 Hz, sncb eues , , . 
vere not generally identified by the children in t~is study. Thaoreti-

cally some patteming of respo~ses 1Idl]ht have been eXpected as 'several 

of these ~ildren had seme low frequency audition (see Table 3.1), and 

o 
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certiin aQOUSttc eues for urmer and' voiéing distinctions .fell. within 
\~. ," l ' 

------thej,r aud~tory range. 

~ 
In pœvious research stucliea;, sillilar findinCls for speech 

8O~d identif,icatiolll by profoundly hèarin9-1~red çhil4ren through 

1l1l~t1œ ~,/ihava' "been rePorte~.' E~i, ('1J){2a):, ~ng (1968) and, 

" t 
Humbers and Hudgins (1948)la18O foun~ tha~ chlldren vith profound 

, " ' 
, . 
. headng i.q;>aj.rent ven uneb1e ta icSentit'y open sets of syllables and 

J WOMs on the-1\TaQi( of acouetic iniormatio~ alone. 'l'o be sure, sOma of 

, ' 

,. -> " the ohildr-en in this st;.udy had extremely 10w hear1ng levels (i.e. 

, 
D 

averaging froll 110 dB to 122 dB acmss the freqpencies !:lOO Hz 1 1000 Hz 
fl .. ..,. 1 

an~ 200Çl Hz), and none' of them had re~lved training emphasising 'the use 

. of audition iJil the early, developmental period l,from 0 to 6 yeus. One 

~9ht .8p'sèulate that èhildrenwith suf.ficient residual hearing' who have 
" . 
reoel~ suCh traininq migbt demonstrate different performances. 

'w/ - , Il " 

Such 
, , 

\. res~a.r.ch ~owe~r, bas no~ yet beéll undettake~. 

Training etudies have generally eJIIP.loyed dtsoriJllination tub 
\ , 

.. ~' fi ' 
(e.g. same/di~ferèDt judCJlll8dt'S' and c10sed sets of stimulus matërials) 

rather thari ident,ification tasks as pre- and po.st--test measurés of ,im

proWlJIeDt in the uti1is~tio!l of residual hearing (~ton, 1972; Bennett 

'and Ling, 1977; ,I4.eberth and Sul>telny,,1978; HoVe1U-olmstead, 1979, 

Nolden' et 01. 1977). . In this' nqa<d. i~I.....ilii:- iopor:tmot ta deb.udnf) 

whether ,trainin~ ~r( .scriiAinatfOll tasks would lead ~,cclrry-owr into 0 

.. ' , ... 

identification tasks. Further, lt, vou14 he valuable etlucationally to 

ascertain whether trainipg' audition alone would result in improvem.mt 

in JllUltimodal speech reœption~ ·1\uch 8J11é~iorati~ ~~ht ,be e~ctéd, 
1 

but ft bas' Dot ye~ been ·dèmonstrated. 
4 

. 

1 . 
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Lipreading 

.. 
As 1ipreading is an essential component of /profoundly hearing 

~, illpaire4 childrens' intexpersonal conm.mication, their performances 

t' Qnder this ooncition of presentation were of considerable interest. , 

!the N8u1ts obtained for the lipreading of the syl~able materials sup-
, 7 

port the findings of previous"'research by Erber (}~71a) and Pesonen 

(1968) • '!'he cbildren in this study alsa' demonst~ated superior perfor-
• 1 

manoes for lip~eading consonant phon~s in the context of the vowels 

(a] and li] than the vowei [u]. 'ltle confusion matrices for this condi':" 
, ' 

tion (Appendices Sd, sé and Sf) show thâ.t sever~ consonants [w, r, 1 
_ " __ i •• 

- and tll "ere mask~d by the liprounl-inq associatkd wi th the vowel [ul. 
l 't. 

Asthis maskinq effect w~ aiso ob~eX'1fed under jt:he AL, te -and ALe con-

.. 

ditions, it is evident that when lipreading waJ involved with vi suaI 
• 1 

, 
or auditory support, it pIayed the dominant role in speech reception 

1 

1 

for IIIOSt of thèse subj ects. 

" 
Almost two-thirds of the childrens' responses for consonant 

'4 

re,CéPtiOV in the context of [a] (Appenclix Sd) fell into the fOllowing 

nine v18~ groups: 

1. p" b, Dl . 
2. w 

3. r 

'" 4. 1 
~, 

5. 9', & 

6. f, v" 

7. tf, d" f ;, 
-' 

8. k, g, Jç~ 91 

9. s, z, t, d, . 
') 

t, d, h 

. 
• 

The above groupings are noteworlhy in that the children had 
, , L 1 , 

j .. 

IlOt receivad spécifie' 1ipreadinq train~q in pho~eme identification ras 

\\, 
, 
1-

o 1 

'. 
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8uœ .• Even so, their viseme groupiùgs were mre simi1ar to those of 1> 

the subjects trained by Wa1den et al (1977) than the four specified by 

Woodward and Barber (1960). One JnilY speculate that thel-r lipreading 

ability was due to ~ei.r e«périence vith Cued Speech as this system 18 

interdependant vith 'the lipread patterns. This tinding tentatively 

supports Comett' s (1970) view that Cued Speech helps chlldren to Clav-
e 

1 1 

elop lipreading ski1l spontaneous1y. 

Al though the childrens' speech reception performances vere 

enhanced by'linguistic contextua1 information~der ~11 other conditions 

of presentation, except audition alone (A), no' such benefit\ ,vas eVident, 

for lipreaëiing. Lipreading yielded a mean score of 30 percent for the 

syl1ab1es and exact1y the same mean for the key words in sentences. A 

similar score for p~rception of k~ words in the final position vith in 

sentences vas reported by Erber (1974). Such findings are the rule 
, 1 

rather than the exception (see Chapter 2). 
- 1 

\ 
One May conclude that lip-

reading alone i8 an impoverished spe~ch signal. These subjects, who 

vere used'· t;Q- more efficient means of receiving speech (Cued Speech or 

aU9ition and vision) MaY have 1acked confidence in lipreading alone and 

not have done their utmos~ to interpret sudh inadequate patterns. 
) 

There vas less variation in the subjects' ahility to lipreàd 

syllables than to lipread sentences. 
[ 

Scores for sy11ab1es, as shawn 

in Table 4.1 and Figure 5.1, differed by only 25 percent, whereas the 
, 

range of scores for sentences vas 55 perce~t (see T@ble 4.2 and Figure 
' . 

,5.2). Although JOOst of the children cQuld attain the usual lev~ls of 

performance for lipreading syllables, some of the subjects had marked 

di~ficulty when longer sequences, were.involved. 

.. 

l, 

, . 

l, 
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, 
On the basis of previous worJc on the effect of sentence lenqth 

(e.ç. Clouser, 1977) and linguistic context (e.g. Hipskind and 'Nerbol1ne, 

1973), one mi9ht have expected superior results for sentences as ~ 

pared vith syllables, and for scores on by words in high, as colII,Pared 

- 1 
vith low pxedictability sentence contexte. The findinç that liprea4inq 

scores obtained in this study neither re1ated to sucb factors, nor ta 

levels of linguistic attainment suggests, that visual sequential pxo-

cessing &bili ty may have been an overriding variable. one may speculate 
1 

that, if the benefits of. contextual clues are tg be made available to 

a11 subjects, those vith weake~ lipreacling scores should receive specifie 

training in the visual processinç of increasingly longer units. Sucb 

a procedure has indeed been sugçested by Emer (1977); who propÔsëà 
_ f _ _ ' '" 

that systematic instruction should proceed from syllables ta words, 

b phrases and sëntences. It would he of considerable interest to know 

whether sucb lipreading training aJ.~e would improve the subjects' 

'abitity both to lipread and to process mate rials in the àuditory-

visual mode. 

The correlation between phonologie speech production and 

" b 

lipreading of syllables suggests that training in speech production 

might also he used as a JIléans to improve lipreading abil~. As pre

viously mentioned, improvements in the auditory xecepti~ of syllables 

have been obtained followinq a period of traininq in phonetic level 
, 

speech product~on 8k~l1s (Novelli-Olmstead, 1979; Lieberth and Subtelny, 

1978). Although lipre~dinq and audio-visual speech reception abilities 
, , 

vere not evaluated in these studies, improvements in these modes, in 

addition to t)lose obtained for audito;;Y speech reception, might aleo 

f!.ave occurred. 
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Figure 5.2. Peroentaqe increase (dotted lines) or decrease (solid lines) 
for ~ach subject when auditi~n was combined with the ---------
lipreading of key wo;ds in s,entences'O Hearing levels 
are shawn above each.subject's score. 
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Audition and Lipreading ., 

~, 

The results obtained fram this\oondition of presentation are of 

pal';'ticular importance since tbey relate" ta the concem expres,sed by 
'\ 

Clarke and Ling (1976). In brief, this concem was ,that the use of 

Cued Speech might prevent the development of auditory and auditol:Y/ 

visual skills. In many everyday communication situations children have 

to rely upon their audio-visuai speech reception abilities whether they 

àre taught throUgh the US!! of Cued Speech or note Speech reception 

without eues is their normal mode of communication with society at 
1 

" ' It opens the doors of opportun~ ty for social, integration, and 

educational and professional deyelopment throughout life. 

The results obtained for the syllable materia~ ind'icated 

tbat, as a group, the children did not make significant gains when the 

auditory signal was added over their performance for lipreadlnq alone. , 

In view of the subjects' 1evels of hearinq and their low scores ,through 

" " 

audition, alone, this result was not surprising, 'Simiiar perfonnanoes 

by profoundly hearing-impai:red children with syllable mate rials have 

been reported in th~ literature (sée Erber, 1972a). Erber proposed 

that the identification of spectral infoxmation in' the acoustic signal 

i8 beyond the limits of profoundly hearing-impaired c:hildren' s auditory 

capabilities. This view ls, however, somewhat tenuous. rnspection of 

individua1 sub~ects' responses in the pres~nt study indicates that it 

would be wrong ta generalise fram the qrqup mean perfo~ce op syllable 
, 1 

rec.eption reported above. Figure' 5.1 shows the variability in the in-
t , ' 

dividual subjects' use of auditory inf6rmation. Six children (Subjects 

\ 

l, 3, 5, 6, 8 and 9) showed gains of 15', 12', 17', 19', 13' and 10\ 

/ 
l " 

/ 
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\ 
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: 

'I 
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respecti valy. :ri.ve subjects scored less when audition was added. 'lbe 

soores of the remainder did not vary ·significantly from those obtained 

through lipreading alone. 

Exber (l972b) has suggested that the limited gains obtained 

from adding an acoustic signal to lipreading result from the subjects· 

utilization of tüne-intensity eues alone. '!'he scores of ,the sb best 

subjects reported here, however, are greater than one cou1d expect from 

tactual reoeption or auditory processing of the time-intensity envelope. 

spectra~ information has to have been perceived by some of these sub-

jects in order to make gains of 10 ta 19 percent over lipreading alone. 

This nQtion receives sorne s~pport from a sÙbsequent study which utilized 

the materials prepared for the present experiment (Leckie, 1979, in 

preparation) • In Leckie 1 s study, six hearing-impaired children who hadt 

average hea~ing levels of 90 to 100.dB, and who had received auditory 

training from early in fan cy , achieved scores on auditory-visual syllab~e 

reception that were 6 to 57 percent (mean = 23%) better than through 

lipreading alone. 

Ling and Ling (1978) have emphasised that individual childrens' 

use of audition is re1ated not only to the level, but more importantly 

to the range of their residual heari~g across the speech frequencies. 

Each of the chqdren who made marked gains in the AL as ~ompared wi th 

the L condition in fact had residual hearing that extended to 4000 Hz. 

Those-with hearing extending to 500 Hz or 1000 ~z achieved considerably 

poorer scores. This is not to say that aU children with a wide range 

--of hearing can be e~ected to achieve high speech reception scores. 

Subjects 2 and 4, who had hearing that extended to 4QOO Hz were among 
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1 those whose auditory-visual speech reception skills \\J9re the weakest. 

Such impoverished perfo~ces may have been related to these sub~ects' 

lack of early auditory traininq or variables intrinsic to the children 
1 

that can not he defined by current ~tests. 
, -\ 

In practice, i t would ba 

advisable for teachers to evaluate each child as; an individual in the 

course of ongoing training. 

ln contrast to the identification task under the auditory , 

condition of presentation, the task for audio-visual reception of syl-

lables could he considered to be more nearly one of discrimin~tion. '!he 

c16sed sets provided by the viseme groups (e.g. (p, b, m] and [f, tI, 
~ 

d?]) vould allow dhildren vith the ability to perceive manner eues to 

differentiate among some of .the consonants in these groups (OWens, 1978). 

As only six of the subjects 101ere àble to utilise aco~stic information, 

in this way, the remainder may either not have received sufficient 

auditory training, or had such profound losses that identification of the 

acoustic features vas inpossible for thém. Reference. to the AL confu-

sion matrices presented as Appendices 5g, 5h an~ 5i, shows that there 

are few differences hetween the AL and L conditions. Differences that 
1 

do exist are attributable to.on1y a few subjects. 

Toc few children scored better under the AL as compared with 

the L condition for group means for syllables to be si9I1ificantly dif-

ferent. This was not the case for tlle sentence materia1s. There was 

a mean increase of 15\ for the AL reception of the se materi.als over the 

results 'for iipreading alone: 'l'his Increase ls equal to the upper 

limit of the range (1-15') previo~s1y reported by Erber (1972a) as the 

amount of sUPP1ementary'benef~ro~audition avai1able to ~rofoundly ; 

1 
:; 1 l,,' _: ,~ ._ - \\ ,.. .... 

.. Ijl 1 1'\ • 
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1 

hearinq-impaired children for the reception of iSolatea words. Of mo,J:e 

interest than the group mean data are the scores of individual subjects. 

Their performances are iIIustrated in Figure 6.2. This Figure shows that 

4 child,ren, Subjects 1, 3, 7 and Il, with hearing leveis ranging from 
\ 

97 dB to 105 dB, made gains of 4~, 331, 511 8J1d 50\ respectlvely from 
, 

the addition of audi~ory information. However, two children CSubjects 

2 and 4) did not gain any appreciable bene fit from such information. 
1 

Subjects 3, 10, 13 and '17 made gains of over 20\ and the remainder, 

someWhat less. Such findings iIIustrate the need for the apprais~l 

,. of indi viduai differences for the purposes of teaching. 

Figure 5.2 ~hows-that 4 childrens' scores (Subjects 4, 12, 
1 

1!1 and 18) decreased when the auditory signal was combined with lip-

rt!adinq. Although decreased AL performances have been mentioned by 

Erber (1974), no research is available to indicate the extent of this 

phenomenon among the profoundly hearing-impaired population. Such 

research would hèl.ve important 'implicatlons since the current trend 18 

ta fit aIl profoundly hearing-impaired children with binaural hearing 

aids whether or not they can bene fi t from tbem. The poorer AL than L 

performance of sOrne subjects in this study May not be a repltcable and 

significant result, but it certainly suggests tbat one should oonsider 
1 

providing some cbildren with one hearing aid or none if repeated tests 
, 

1 

confirm impoverished responses when audition is added to speechreadinq. 

One cao merely speculate from this study as to the manner in 

which the acoustic signal wa!f recel ved by tbese profoundly hearing-

impaire'd children. To some lt May have been through tactile sensationi 
1 

ta O,thers through audition. Tactile stimuli have ceen ~ to account 

J 
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J 
for mean increases ranqinq only up to 18\ (Gault, 1928: Erber, 1972b) 

1 
over scores for lipreading alone. 'Ibis implies that larqer inéreases 

~ 
\ 

have to he due to the éhildre'ns' sensitivity to auditory infonnation. 
\ 

'lbose subjects who appeared ~ perceive $egmental eues in l,the syllable 

mater!als (Subjeets l, 3, S, 6, 8 and 11), a1so obtained large inenues 

Cup to 50\) in the sentence oontexts. '!bey were evidently able to pro

cess segmental as weIl as ~rasegmental auditory info~tion in rœming 

speech. For most of the children, however, supraseqmental information 

alone must have accounted for the improved performances when the auditory 

signal was aMed. This suggestion accords w.\,.th that of Risbetq and 

Age 1 fors (1978) who have shawn that the prosodtlc elements of speech 

(intensity, duration and pitch) can play an .important roIe as supporting 

information during lipreading. 

The large variability in profoundly hearing-impaired subjects' 

audito'ry-visual speech reception abilities in this and other research 

studies illustrates the need for diagnostic evaluations to be undertaken 

in the course of on-going training. J\S linguistic development Is clepen-

dant on the quality of input received, those Children with limited 1 

ability shouid he identified early as requiring supplementary support. 

Hearing levels alone can not beCil\t~lised for such purposes. The lack 

of Any correlation between hearing levels and speech reception perfor-

t 
mances indicates that factors such as age of detection, the adequacy of 

hearing aid!f, f~ctional hearing aid-use, the type and effectivenéss of 

tra!ning', and the presence pr absence of additional 1earning pxoblems 

must have played an important ro1e. ~ta from repres~tative groups 
, ' 

of the hearinq-impaired population, including those from auditory-oral,-' 

visual-Qral, Cued Speech and Total Communication p.rograms, however, 

1 

1· • ! 

,~~ r < , , 
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would he needed to deterudne the effects of such variables on profoundly 

hearing-impaired childrens' auditory capabilities. 

A'further aspect to be highlighted relative to the AL condition 

concerne the utilisation of linquistic contextual information by the 

ctiildren with ~e sèntence materials. Their superior ~erformance9 in 

percelving the final Key words in high predlctability ntexts indicates 

" that sufficient benefit was gained from the additional a ditory in for-

mation oombineQ with lipreading for linguistic processing 0 occur. 

This result i8 in cont~ast to that obtaine& for lipreading 10ne where 

the contextual information was of no additiOn~1 benefit. EV1 wh en the 

children ~ere more reliant on acoustic-phonetic information in\the low 

predictability sentence context8, their performance was superio\r~ to that 

"for the AL reception of the syllable materials. Such factors as meaning, 

suprasegmental information, the varying vowel contexts of the final key 

words and the fact that the sentence is the most cOllllOOn unit 'of connnuni- • 

cation in conversation, must underlie the improved AL performances with 

bath types of running speech as compared with syllable identification. 

The numerous correlations Obtained between variables~der the . 
\ 

AL condition testify to the importance of this mode of communication. 

Subjects who performed most adequate1y when audition and lipreading 
-") 

were combined aiso had the hest phonologie level speech scores, vere the 

best able to lipread syllables and had the highest ranking for speech 

intelligibllity. These correlations reflect the close ties between 

sp~ech perception and speech production which workers at the Haskin 

Laboratories frequent~ emphasize (see Liberman et al, 1967T. 

;F .... ~ ~;,;~" , 
, , 

.." 
1 

.. 

'.' 



1 V· 

, 

, 
" 
l 

-----___________________ ~_e .. ". 

-70-

On the basis of the data obtained in this research, the vlew 

1 

that \cued Speech leads to seriaus deficits in the use of audition is 

clearly untenable. ImproveDMmts in scores for key words in sentences 

in this combined condition over those yielded thtOugh 1~readin9 &lona 
\ 

are c:oaparable to tho.e reported for programs that 8peci~ise- in the 

de-empha,is of vision. 'l'o be sure, ~more effective training might yield 
\ \ 1 

higher sco:,:es ~an those obtained in thl's study. Research a1med at 

defining the type of training tliat could lead to such improvement i. 

oertainly necessary. 

Cues 

Under this condition, the materials were presented solely with 

'"' the hand eues in the absence of the associated Hp movements ~ The 
\ , 

group of phonemes f8presented by 'ea~ han,d configuration or hand posi

tion can on1y be disambiguated by reference tQ the 1ipread pattern. 
1 

'!bus, when they recei ved the eues a10ne the children were forced to 

guess the speaker' s inœnt. Their mean perfonnance with the syllable 

materials, shown in Figure 4.1 reflects the ambiguity of the ljIi~,al 

they received and approximates the level of chance performance. One 

haJ\d configuration represents either three or four phonemes and an 
1 

1 

average-of 36' vas yielded, with aIl but one of the children scoring in 

the range 25 to 4~ percent correct. 

The confusion matrices for this coQdi tion (Appendices Sj.. St 

and 51) show that only isolated errors occurred O?tside of the expected 

Confusions ,withtn the groups o~ phonemes for each hand configuration •. -' 
1 _, ' 

The homoqeneity of the childrens' performance indicates their precise 

\ ,-. 
: ' 

\ 
ï. 1.;:.; ~"1': f 1.l' )c--;'-= .,,:---\ • .- "r~ ~r.,.,t,~:t_prwrifti?~~...,.f':_tR"l["'-~~ r: 
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knowledqe of the phoneme groups associated wi th each eue. 

The data obtained for the perception of key words in sen~ences 

were not anticipated. Fiqure 4.1 shows that results were similar to 

• 
tbose achieved for the same materials through aud~tion and lipreading. 

Cnes clearly provided more',information than lipreading alone. Although 

the tqean scores for the band cues and the' lipread patterns were equiva-
, 

lent in the non-meaningfut contexts of syllables, higher mean scores 

were yiel,ded from the eues alone than fram lipreading' in meanin<1ful lin-

," 

guistic contexts. T\fo of the factors' likely ta have contrlbuted to the se 

differences will be discussed below. 

o 

1. Differences in the Cued, and Lipread Patterns.· , 
, . 'lbe eues' 

. 
in runninq speech provide a continuous signal in contrast to the t chunked' . 

information in lip:readinq. 
\ 

For e~le, in lipreadinq the sentence, 
• l " ) 

"Wear a raincoat in the rain, Il only parts of the pattern are visible. 
"' 

'l'bé Unstressed function words, ~uch as "a", "in", and "the" III.lY not be ' 

visible at aIl. In contras't to the lipread in,formation, 'the cu~'s~ alone ... 

provi,de a continuous stream of information. SoJpe information is' present 
, 'IV " 

.. 

throughout tbè entire message. 

2. Prpcess of Elimination. 111e number of al1:ernativas 

provided by ~e possible combinations of cues alone are fewer than in 

lipread1ng. "l'he word "ball" will s~rve as an example. 'ftlen 'are at 

", 
least 22 feasible homophenoÙs responses throagh' l,Jipreading (ball" balls, 

bôard, boards, bog, baga" box, morse, ~ss, Maude, malI, pore, pores, 
1 •• 

j 

port, ports, paw, paws, park, sport,' spbrts, spore, spores and spot) • 
\ l 

For the Sallie iord presented by CUes'-alone, there' ne ont y two COIIIIII'On 

é ? 

;;/- - .. . - ~,,~ . 
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, , 
noun6 that cu he deri ved (ball and bel!). <t Such cUfferenc;:es stem fxaa 

.... -
J , 

, 
'{ 11 11 

l 
\. , 

: the faQt that most eue CJroupings'8rep~sept three i (in 'one pase four) 
, J" " 
pbonemes~ whereas in 'liprea4ing a11 alveolar ànd sOIlle'flelar phonemes, 

B , 

Ili\Y bc! \omoPh~O~. ' '. ,,' 
- , l , 

, The ~e', of eue. b.l~e is not met in )'.'eal ,lite ,)ituatio.,.~. '!'he 

'inclusion ' ~f' the condi ti~tf ~ this stw:1y vAl!, 801e1y for 'the purposé. of 
, 1 ... . ' 

COIIpa'rison, ~ith other conditions in·,which eues ~ré involved as ft Sl1p-

" ' 
port system .. Sucp,oonditions win he discussed in the fOllowUig pages • 

. ' . ~ 

\' 

': 

~ 
~~tion and eues , 

~' (" 

\ ' -..... , , 
The cflildrens' ability to use"audition 'in conjunction, with' 

~ ,,1 t ~ '" 

c~s, fi cotditio~ not met in real' li~e' situati~ns, '~leartY ShOW~ that 
4' • -.1' / - , 

" \f 

f~ '" , 
r , 
1 
( , . 

'~ 

/-< ) 
the han~o euee t not detract, fralt the uie -~'f ~s~ h~a'i:inCJt . For key '; 

~tds ~' senten,~s Si9IlifiC~~lY bettfr scores Îhan for either ~e~ or~ .f' 

audition a10\.e, vere achieved by' the ~uP as a whole wb.en the two ~s 
( 

~r 

'. 
~ ) 

, ,':-

r 
'. " , 

1 >i' 

Il ~ 

1 , 
J 

" 
·1 

\- 0 

~ 
, • 

Ct 

. , 

< 
. ..!..l' .~. 

. ' , 
. , 'o~ pr~s~rtpltio~ (~e combined. 

realized for syllable materia1s. 

There was, however, no' sup'h advart'tage 
Q • 

t 

As
u can he seen ftOm Figpre 5:3, few' 

't ') ) ~ 

subjedts made subs~tial 9'ain~ and s~, even a~eved poorer -scores •• 
, . 

ResulQl for audition and 'Cnes parallel those for audition and I1preading. 
l ~ \ ~ t 

'1hls "ls illuslr~~'J:nr ,the ~fUSion IDiltriceS tpn.tru~ fbr ~e two 
~ .... , r L 

con<;1itions (Appenâi~s Sq, St., and Si, a,pd Sm, 5n and 50). ~ \ b~, ' "'. ( .. 
'\ ... \)' . 
1'he poorer scbres for 'sYllables as caapared vith sentences 

J 
~ " ~ . 

again reflect the subjects' liIdted abilitY te perceive the segmentall
" 

,. "l ~ , 01 

info~tio~. -\n the S~~?~~, 't11~ a~t~onal subrase~tal irlfO~tion 
~ . --T \ 

ap,parently cantributed to,the comparatively better scores~ Even thosa 
'6, 

, \. 
/' 

1 
1" ,. ~ ,.,.." , •••• ~ • ___ _ 

,J 
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c:bUdren with the least hearing made gains of 13\ to 25\ vhen audition 

vas added ta eues (see Figure 5.4). On1y two sUbjects, (4 and 5) failed 

to utilise the suppl~ntary information provided by audition. 

~ It i5 traditional to train discrimination prior to identi!ica-

• 

" 

tièn. Since eues provide a c10sed set of syllahles this condition could 
1 

weli be exploited' to trai'n hearing-impaired childrens' aUditory discrim-
, , 

i~tion in a Cued Speech program. 

• 

Lip~din9 and Cues 
1 • 

'lbe subjeG.ts' responses under this condition were outstandirigly 
'\ 

and uniformly good (see Tables 4.1 and 4.2). They merit considerable 

attention. They strongly support the e1aims for Cueq Speech made by 

Comett (1967), in that the system elearlyenabl~d totally and pro--i. 
, .,. 1 \ 

foundly hearing-impair~d~ildren to receive reiatively precise phonemie 
~\' ~ 

1 

and linguistic information both at a syllabic level and in running speech~ 

Speech reeeption at an equally high levei of accuracy by sueh chi1dren 

has ~ot previously been reported. The ehi1drens' average scores of 

over 80 percent for the reception of syllables is within the range of 

, nOJ:'mally hearing îisteners reception of similar materials through audition 

(FLetcher, 1953). 
III 1 

.shawn in 

The few confusions that occurred under this condition are 

~ matrices ,presente-d as Appendices 5~~ 5q and ~r. In the 
! 

1 

context of the vowel [a) the on1y major confusion vas between [d;] 'and 
. 1 lj 

[gl. In the [il context, more err<?rs vere made. Aqain (d,] and [g) 

or-
l''''were UIOst frequently confused. Other major miatakes in the [il con'text 

-1 
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° (dotted lines) Figure s. 4. Pe~ntaqe increase or decrease (solid lines) 

for eaëh subject when audition was combined with oues in the \ 

perception of key words in sentences. Hearinq levels are 
shown above each subject's scores. 
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were between [z) and U(l, [j) ~d (tI] and [pl and [n). 'l'here were 

significant1y more errors in the cohtext of [u]. The most outstandinq 

were (tJ] and (j 1, (d,] and {q], [J] and ll}, [dl and (pl, and (k) anel 

- \ 
Jz). The qreater nWrber of errora in the v~el lu] context could he 

expected on the basis of Pesonen' s (196B) findinqs that the Hp roundinq 

associated with [u) obscures tongue positions' and movements. '!'his 

expectadon, of course, içlies that the errors were due more to Iip-

reading problems than to the intexpretation of the hand eues. The type 

of confusions made support ~s view. Further, they illustrate that the 
,Ji' \, " 

use of Cued'speech demanda attention to both thé lips and the hands as 

interrelated features of speech reception. 

CUed Speech was designed-by Oornett (1967) on the basis of 

data provided by Woodward and Barberls (1960) study, in which consonant 

reception was tested only in the [a] context. Bad data also been avail-
. , 

" able on consonant reception in tne contexts of li] and l1,1), Cued S~ech 
4 

migh, haye been designed to avoid such confusions as occurred in this 
..". 

study. Wbile results demonstrate that the system is not perfect, they • 
/a180 . show that its weaknasses are of.neq~ imp~rtanee, partlcularly 

in the .re~ption \f speech in sentences. 

~e mean score of over 95 percent for the peFception of kéy 
1 , 

words in se~tences hiqhliqhts the effectiveness of the supplementary eues 

in the context of running speech. '!'bese near perfeet results were 00-

tained wilth both high and low p~dictability sentences. Such Ievels of 

performance illustrate the child~ns' easein perceivinq Iinguistic 1n-, ;,. 

formation through CUed ~eech whether they are more re11~t on segmental 

information, as in the case of LP sentences, or whether they are prov!ded . ',:... 

vith lingu,istic contextua~ clues to meaninq_ 

. . 
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, l 
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'l1lé results for Lipreading and Cnes are in contrast ta", those 
( . 

obtained under aIl other condition~reviously discussed. The childrens' 

.r ~ , 
scores under' those conditions were poorer for the LP than for the HP 

1 

s~tencea. Such differences due to linguistic context present a r.<basic il 
, 

dilemma ta teacher/therapists in the field of ~ural rehabilitation. On 

ane hand, hi9hly developed linguistie skills are required to help chil-.. 
, dren inte~ret the Inadequate signal provided by lipreading, audition or 

bath. On the other, many children have difficulty in developing effec-

tive linguistlc, skills from.o:such impovedshed input. The use of CUed 

Speech appears ,to resolve 'this diletmna ~~ tj1 it pr~v+ees both the 

Jlleans to develop lipreading ab!l! ty and" :,1& the same time, an unambiguous 
, ' '~ 

.' 
a~nue fo~ linguistic growth. That the linguistic abilities of the sub-

l , 

jects permits them to dis~iguate speech as it is received under most 

conditions in the absence of CQes is evidenced by their generally super-
'<f 

ior scores for key words in HP sentences. Since the' subje,cts acquired 

their current~linguistic akills relatively recently, more adequate per

formance under such co'bditions might be expected with further experienee. 

!here is need for longitbdinal atudy of sub)eqts taught by means of CUed 

'Speech in order to determine what levels of speech recepti6n without , 
cues be acbleved after adequately long and intensive training. 

hence the 

on WO\d normally us~ voiee ~n qombination with Cued Speech; 

r might assume that this condition in whieh no sound was· 

/presented ia artificial. T.his is not SO. ·Tbtal dependenee on'visual 

information la, common. Totally hearing-impaired children have to rely . 
JIo .' ~ • 

entirely upon ·viaual informatio~ At a distance of more than a few . , . .-......-..., 
,fe~~, in noise, or when hearing aids are out of order or inadequate, 

, J 
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• 

profoundly and even severely hearing-~aired ohildren can tikewise 

derive no benefit from the acoustic signal. 
1 

The subjects' ability to pr?cess the visual input conveyed by'-
p 

lipreadinq and coes is relevant to corrent views' on speech and language 

.:. 
processinq. The Xiesul ts obtained indicate that Libex:man' s (1974) 

~ 

opinion, that the speech deoodinq mechanism may only be .reached and 

activate'd by an auditory signal, ls untenable. The children in this 
1 

study demonstratéd the ability ho reoeive highly accurate information on 

the speech signai entirely through vis~on. 
,) 

The inplicationsof these findings to thé field of aural rehab

ilitation a:r:e far-reaching. ,They indiC?atb '1l1at Cued Speec~ can provide 

profo~dlY and totally hearing-impaired children with ~ccess to p~ecise~ 

phonemic ;information as a basis for verbal learning. The correlation 
-l: j 1 • 

, * between scores in this condition on bath phonetic level sp~h p~c:-

61 

J 

--- ~ .. " ,) 

tion and language scores 'strongly support Ling's (1976) contention dt 

residual hearing, while advantageous, is not essential ta the deve,lop-

ment of ~~ language skills. : 
~. 

~ 
The children in this study had acquired language well after 

the nomal developmental period from 0 to 6 years, when language, 009-
, ~ 

1 -, 

nition and speech develop in synchrony. For this reason they must be 

considered as having received remedial xather th.an develOpmer,ralteaehing : 

" 
Neverthele~s, their language abili ties were exceptionally biqh (see 

Appendix 4). Only one ehUd 1- (Subject 7) acquired language approximately , 

within the normal stages. \ 

-
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Normally hearing babies, in the first few months oe life are 

capable Qf ~ing many fine auditory discrïminations in speech, such as 

the ~ice/voiceless contrast (Morse, 1974). With access to the complete 

speech stream they learn to select and identify those elements that are 

Wl!quely meaningful to them. Re se arch i8 Qeeded to investigate whether 

stmi1arly early linguistic development i5 possible for hear~9+impaired 

infants through visual information provided by CUed Speech. It would 

be of partioular interest to determine the age at which Cued Speech can 
~-

begin to be prpcessed by hearing-impaired infants. 

) '. 

Audition, Lipreading and Cues 

'lbe findings from this condition are of both basic and applied 

interest in the fiela of ,aurâl (re)habilitation. Under optimal con di- . 
\ 

tians, th~ three signaIs (audition, lipreading and ~es) are received 

III together. 
1 

r 
The results for the syllable materials are not sigmficantly 

. diffenb~ fjm those obtained under th~ _ ~ condition. Indeed, in no 

mode did the addition of the auditory signal siqnl:ficantly increase 

scor __ for syllables (see. Fi~ 4.1).\ The stmilarity ~f re~s.s 

unœr the Le ""CI the ALe conôl. tions .~al80 be seen by comparing the 

confusion llatri~es prtylented as Appendices Sp, Sq/ Sr and Ss, St and Su. 
. , 

Although results for sentences' in previouslY discussed condi

tlons ... have shown :t;hat- subjects do, in fact use hearit\9. the present 

studY' does not permit infereilc~ to be dr~ relative to"'the lise of 

audition in repeivin9 syllables. Further study is required to deteJ:1idne 

" -. 
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1 
if and how subjects' use residual hearinq in perceivillg syllab1es when 

, . 
they are presented with Cued Speech.' Researbh modelled on that undertaken 

-
by McGurk (1976) could be employed to investigate this question. McGurk 

J ' 

presented syllable materials to no~ly hearing 1isteners vith the 

auditory antl visual dgnals mismatched. Thus, the_ subjects. Jllay have 
• 1 

seen the syll~le /bal and heard Ida!. "l'he results obtained by the .lIb-

Jects, both cqildren and adults, showed differences in the reliance 

---ple.ced on the two modalities of audition and vision When they were 

forced to chose between them. YO\mg children were more <!ependant on . ' 

audition Whereas the older subjects relied more on the v!sual modality. 

~earch by the writer (Nicholls, in preparation), utilisinq 

, mate rials similar to 0 those employed by McGurk, was carried out on the 
, 

aubjects used in the present study. Preliminary findings showed that 

several children who could perceive some manner diafinctions and the .. 
voièe/vois::eless contrast, in fact used audition to discem the minatched . ' 
syllables: Purther fesearch includihg children with varying levela ç.f 

hearinq loss ranging from moderate to total deafness is required. Such 

research may lead to the development of dia~ostic proc~dures for aS-
0, \ 

0" " sessing hearing-impaired dhi1drens' au~tory and visual speeçh recept10n 
... c 

• t; 
capabilities. Used in conjWlction with other tests, such. proced~. 

f 

could help ,specify more appropriate training strategies for individual 
~ '1 " '.-t 

children. ' 

" - 0 

Scores for the pe~cepti~ of k.ey 'lOrds in sentences' under this .. ". 

~ndition (see Figure 4.1) were approaching the possibl:e' maximum. Thua, 

ceilinq effects limit.t1the interpre~tion of differences in. scores due to 
• • 0 

the addition of the Juditdry signal over' th~se obtained for lipr.a~n 
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and eues. Several children obtained 100 percent for these mate rials 

with the lowest sco~e being 89 percent (see Table 4.2). Hearing may or 

may not have been, used by sorne children in the achievement of relmlts ,"' 

under this condition. ' Further research is required to' dete:rmine the 

!:Ole of aud1-tion when CUed Speeçh 18 employed. Presumably, if subjects 

were presented with1more difficult materials than those used in ~e pres

ent study, chil~n with useful residuàl hearing would score,better th~ 

those without. Ta show such differences, the materials wo~ld have to 

he sa demanding th~t few if any of the subjects could achieve maximum 

possible scores. An alternative strateClY for studying the use of resi-

dual hearinq in this condition would b~ ta me as ure reaction Urnes wi th 

and without the acoustic signal. One would expect the acoustic signal /.l' .. 

,"to aid tbose who have useful~udition and hence permit them to respond 

more rapidly than those who have li ttle or none. 

~ 
The oeiling scores obtained under this condition and the pre-

vious one, a1so prevent the emergence of any possible effects due ta 

linguistic context. High levels of perceptual accuracy ware achieved 

vith bath LP and HP sentences. It wo~ld he usefu1 to determine, tbrough 
1 

further research, whether aIl elemante of sucb sentences could be per-' 

ceived with equal accuracy. As the structural elements such as deter
/ 

. ). miners , 'connectives, modale and tense markers tend to he upstressesI 
• l , 

ac:oustically, as well as being difficult ta Ilfread, the se elementa are 

qenerally not perceived by profoundly hearing-impairèd children. The 

1 , 

'mo»e complete phone~c information co~veyed by CUed Speech, llowever, 

" , appeara to 'li va them JOOre prominence. It would he of interest to 
. , 

investi~ate whether CUed Speech permits profoundly hearinq-impaited 
1:' " ~ 

l' 

, , 
"'1""?'\1:~\,....- ,~-.,-.w __ j __ ~. 

, 
! 

( 



,f. , 
, -

'., 
,', 

, ,-

,Ir 

-82-

./ 
children to develop comprehension of linguistic elements in similar ways 

to those in which norma11y hearing children deve10p t?em. Examples of 

the children 1,'3 language samples (see Appendix 4) show that the st:ructural 
, 

elements are genera11y present and co~rectly used i~ these childrens' 

expressive language. The six children 1ith the hiqhest l~guage scores 

consistently produced highly accurate and complex sentences. It can 
t') 

only be assumed that Cued Speech contrtbuted ta such unusually high 

levels of linquistic attainment. 

,'. 

The results obtained for the perception of runninq speech in 

this e~eriment are much superior to those reported by Ling and Clarke 
J J 

(1975) and Clarke an~Ling (1976). Their sûbjects however, had only 
.\ 

", 

been exposed to CUed Speech xor two years. Even sa, their s.I?eech recep-

tion skills were sufficient for clear communication of the spoken langu-

age t the sentence 1evel (Beadlès and Brown, 1979). The subj~cts ~n 

nt study had longer exposure to Cued Speech than those pre-

viously investigated. However, they were still in the process of acqui-

,ring communication skills. The scores obtained and discussed above do 

not, therefore, represent performance at their 1imits of 1earning_ 

Longitudinal study is re;uired ta ~termine how scores for materials 

under each of the seven conditions of presentation will change with 

time.' The large differences betweèn the last two ,conditions discussed_ 

and othe:t:: conditions may not be a persistent pattern. ~ith further 

training imp~vement in the reception of bath oued and uncued mate rials 

might 1:Ie expected. 
r ,-

1 • 
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1/ 

Conclusions 

~atisfactory ans~rs to the three questions investigated 
1 ___ ~ 

vere yielded in this stuày. One may conclude that performance of the 
'1 

cbildren who served as subjects showed that: 

~. 

., 
.r .' 

·1. Linquistic information c~ be received with exceptionally 
~ 

high levels of accuracy throuqh Cued Speech and that thé 

prolonged use of this system does not adversely affect 

the subjects' abilities ta process information in the 

absence of Cued Speech. If anything, lipreadin9' and 
1 

audition were used as weIl by these subjects as by 

~oœparable cbildren tauqht in more traditional oral 

programs. 

2·. S'imui taneous use of two lPOdali ties enhances speech 

reeeptio" for both syllables and sentenœs. 
\ 

However, 

sinee there are several additional variables involved, 

scores on syllable materials can not be used'to predict 

how weIl a child will reoeive_key vorda in sentences. 

3. Stronq correlations exist) betveen speech perception, 

" 

speèch p~duction and linguistic '6killa. Speech reception 
\ .... 

involving audition and/or lipreading relates closeiY to 
, 1 

.jeech pr~duction skills and intelligib:ftlity, whereas 

language attainmènts are more c10sely associated vith 
" 

, reception tbroU9h Cued Speech. ) 

.t 
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~ncUx 1. 
1 

i '\ , 
f~ (-,. 1. li/li /2.9. ka/ka S7." bu/bu j 

! 
: .. !!' 2. 9i/9i 30: 5a~.: \ 

58. lIu,ltru 

3. &a/lla 31. ak/ak .. 
59. vi/vi 

4. uP/uP 32~ fu/lu 60. j~/j. 
'\ ' 

\7 

\ " 5. it/it 33. pi/pi 61. . ta/ta . . . . ., 
6. 8a-1t9a, 34. ku,/ku 1 62. lalla, 

~ 
7. _ilbi 35. zi/zi 63. 8i/B! 

g. at/at 36. hi/hi 64. ai/ai 
-' .' , 

, 

fa/Je 9. 4:st/d~ 37. -65. .u/.~ 

10. ru/ru 3B. tU/tu 66. fi/fi 

Il. adtad 39. 6i/~i· 67. ik/ik 

12. ut/ut 40. pà/pa 68,. ana/ma 

13. za/za 4l. tJa/tJa 69. 
1 

lU/lu 
~ 
1', 14 •. ap/ap 42. eu/eu 70. balba -' 

, 15. di/di 43 •. 19/iq -no ud/ud 
~ . 

• . 16. nU/nu 44, • du/du 72. ju/ju 

17. zu/zu 45. sa/sa 73. fa/fa 

18. na/na 46. Ii/ri 74. uqVuq 

19. 6u/6u 47. ,i/ji 75. !d/id 

'" 1 

20. mu/mu " 48. ru/lu 76., tilti 

21. 9a/9a -49 .. uk/uk 71.. llu/hu 

22 • . / tIi/tIi 50. ab/ab 78. d~U/d~u 

23. va/va 5!. d~/d~ 19. pu/pu . , • ":lA 

. \ 24 • ri/ri 52. wl1/wa 80~ , ub/ub 

f 25. wi/wi 53. ib/ib 8l. 'ip/ip 
, \ 

1 
\ 

26. ra/ra . 54. ki/k! 82. . mi/mi () o~ 

j, 21. gu/qu 55. ni/n! 83. da/da 
~ CI , 
l 
! 28. vu/Vu 56: ag/ag 84. wu!wu .. 
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chair 

floor 

,jet 

ship 

truck 
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1tey to Picture ltea 
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teeth ' teet foot. 
... ; 

heut neck hair 

toes eye. 

shin linger ankle 
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, ' zoots rose bue! tee4 

. flover plant ,,~ nurse \ boy 

king witcb girl Mn .. 
lady cowboy pilot woodc::utter J 
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surfboar<1 faDler queen giant 

.. 
1 ~adie~ Pather Christmas baby delive~ 

" '1 paper book word name ' 
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map race 
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show bomb .. 
card letter mike- note 
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1098 011 ao&p 
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~eat rice aoup ia~ 

wool corn tea ha 
~" 

.hi~ fite U rockbill 
... 

fur . 
, 1 

1 wiré. iuJ.pe, ; dirt sane! 
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ti-

r 
1 

t 
Page -107 • 

f 
nut " cake l~ 

f sauce j/ bone pear / 
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pie 

paach 

.: 
" / ~ grapas potatoe e991f apple 
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~, . ctaip sandwich potâtoe 1: 
. 

rice bubbl •• -" ", 
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( min Apple pie meat pie ".~tlmle. ' 
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spi~r lIOuse winq polar !Mar 

bear cuh Ùon euh tigeJ.' 
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lie! pan 
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cup .. 
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saucer jar pl_te 

ball . toy kite 
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, \ tennis ball raoster 
'\ , caterplllar rat 
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poe! 
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bubb1èqum meat 
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List 1 

1. l got some oi1. 

2. What is your name? 

3. He is the king. 

~. She is a nurse. 

S. l want some gum. 

6. Who wants some cake? 

7. Dad "got some petrel and oil. 

S. Watch T.V. in the living room. 

9. Put the picture on the wall. 

la. The JQOnkey ate a nut. 

Il. The farmer shot the fO:l(. 

12. l like your hair. 

13. Water the grass with the hose. 

14 ~ l will read a book. 

15. Go in that room. , 

16. 

17. 

18. 

19. 

20. 

2l. 

22. 

23. 

24. 

Draw a shee~, cow and pig. 

-Who ~ts a out? 

Show ::--, his name. 
:J 

Is -that a hill? 

They locked the lion in the cage. 

Is that a fox? 

l ate sorne che~~g g~ 
Therets a doc~ and nurse. 

Dad drave our car. 

25. Who saw the rat? 

26. Where is my book? 

27. 1 ate sorne birthday cake. 

28. Brush and comb your hair. 

29. We heard the church bell. 

30. Look at the wall .• 

31. That iB a pig. 

32. Thatts the queen and king. 

33. 18 that a mouse or rat? 

34. That is our car. 

35. Get me the hose. 

36. It'~ in the cagp. 

Appendix 3. 

List 2 

1. Give him the baIl. 

2. The pilot flew the jumbo jet. 

3. Play tennis with a tennis baIl. 

4. This is my top lip. 

S. Get me the mop. 

6. Look at the sun. 

7. These are my teeth. 

8. He smokes,~arettes and a pipe. 

9. He has a pipe. 

10. Look at my tooth. 

Il. Wear -a raincoat in the rain. 

12. Draw the moon and sun. 

13. l brushed my teeth. 

14. We have a ki te • 

15. Look at the lion. 

16. 

17. 

18. 

19. 

20. 

l want toast and jarn. 

Turn on the light. 

15 that a jet? 

The dentist pulled out rny tooth. 

That bird is an ow1. 

21. Would you like potatoes or rice? 

22. Clean the floor with a mop. 

23. 15 it dark or 1ight? 

24. Do you 1ike rice? 

25. Talk to aIl the ladies and men. 

26. Wear ycwr other rain boot. 

27. Show me your lip. 

28. Where are the men? 

29. Look at the rain. 

30. We saw a tiger and lion. 

31. We 5aw the owl. 

32. Get a knife and fork. 

33. Where is my boot? 

34. I5 this your fork? 

35. PaS5 me the ja~. 

36. Let me fly the kite. 



( 

. :, 

c· 

-

~1l7-

, 
List 3 List 4 

1. It' s in the tin. 1. Get a cup, pla te and dish. 

2. 

3. 

4. 

Stand on one foot:. 2. That i8 a log. 

Put the rubbish in the rubbish bin. 3. Rere la the jug. 

Do you like ham? 4. That' a a worm. 

5. ~is is my towel. . 5. Do you like cheese? 

6. 

7. 

8. 

9. 

Who wants eggB and ham? 6. The muse .ate sorne çheese. 
'li) 

Fish swim in the sea. 7. That i5 an earthworm. 

The spider made a web. 8. The chimney is on the roof. 

A giraffe has a long neck. 9. The sheep has soft wool. 

10. It's near the web. 

11. l hurt my foot. 

12. l've a sore neck. 

13. Skip with a skipping rope. 

14. It's in the sea. 

10. ' Look at the dirt. 

Il. I have nO meat. 

12. Is this the day? 

13. ,:t'eU me the month, week and day. 

14. Go to the farm. 

15. The children were scared of the witch.15. ls that the moon? 

16. Where is your house? 

17. A bear a1eeps in a cave. 

18. Ru~olph i8 a red nosed reindeer. 

19. That is a rope. 

20. Play with the boy and girl. 

21. l have a watch. 

22. The bride got marr~ed in church. 

23. We live in a big house. P 

24. See the time on your watch. 

25. 

26. 

27. 

28. 

There is the girl. 

What's in the cave? 

Get some water from the tap. 

'l'urn on the tap. 

29. What' s in its mouth? 

JO. Dry yourself with a towel. 

1 
16. Who broke the dish? 

17. The biggest fish is the whal~., 

18. Turn over the other side. 

19. Show me the fire. 

20. A watch tells the time. 

21. The firemen hosed the fire. 

22. Don' t walk in the mud and dirt. 

23. Show me the wool. 

24. Farm animaIs live on the farm. ./ , , 

Look at the, stars and the moon. 

That is a doll. 1 

Eat your veg9tables and +eat. 

Show me the time. J 

The girl played wi~,her doll. 

l 'like the pool. 1 

) 31. :tn your mouth i5 your ton gue • 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

It" a on the l;'oof. \ 
• 

32. A hippo has a big mouth. 

33. Is that the church? 

34. We saw a deer. 

35.' Show me your tongue. 

36. She drew a ~itch. 

,_f' ", 

This ia my Sid~,j 
33. Who saw the whale? 

34. The woodcutter sawed" the loq. 

35. The milk is in the xp,.lk jug. 

36. We swim in thè swimming pool. 

,r ._ 

l' .1< .... . " 
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2. 

·3. 

4. 
5. 

6. 

7. 

8. 

9. 

la. 
11. 

12. 

13. 

14,. ' 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

3I. 

32. 

33. 

34. 

35. 

36. 

List 5 

Thi~ ia my chin. 

Look at the hill. 

• ... 1 d 

Wear your shoes on your feet. 

-118-

1 have four fingers and a thumb. 

Dad shaves the hair off his chin. 

la that a hen? 

Look at the rock. 

Thè plant has leaves and a root. 

There's a rooster and hen. 

Wash your hands and face. 

Mum bought some food. 

Jack and Jill fell down the hill. 

Do you like corn? 
, 

Cornflakes are made from corn. 

We have some food. 

1 hurt my toe on a rock. 

1 hurt my head. 

Wash your'hands with the soap. 

What's in the jar? 

Is that the root? 

The jam is in the jam jar. 

ls it on the bottom or top? 

Bread is made from wheat. 

Put your hat on your head. 

Where, is my mug? 

la that ~ bull? 

Put on your shirt. 

These are my feet. 

It's on the top. 

is my thumb. 

your panta and ~hirt. 

at the wheat. 

has sorne sqap? 

o drew that face~ 

bullfighter fought the bull. 

cup 6r mug? 

, 
, f 

List 6 

~. 1 like tomato SOUpe 

2. The door has a key and rock. 

3. Where i5 your bed? 

4. It has a tail. 

5. Where is my sock? 

6. The cake i8 in the cake tin. 

7. r found my purse. 

8. Muro's money i5 in her purse. 

9. Here is a chair. 

10. r saw a fish. 

Il. Have you a cat or dog? 

12. That is her ring. 

13. l wênt fishing and caught a fish. 

14. Go to sleep i~ your bed. 

15. The cowboy rides his horse. 

16.' The ducklings swam with the duck. 

17. It's in the tin. 

18. Open your book. at this page. 

19. Look at the duck. 

20. Cut the bread with a knife. 

2I. 

22. 

23. 

24. 

25,. 

26. 

27. 

28. 

29. 

30. 

3I. 

32. 

l don't 1ike SOUpe 

He has a gun. 

This is Illy 1eg. 

Look at the horse. 

r saw a mouse. 

Mum has a diamond ring. 

l have no knife., 
cY 

This is my arm and 1eg. 

Show me the page. 

Sit down on the chair. 

Where is my shoe and sock? 

l 1ike that doge 

:13. Where i5 the lock,? 

34. The dog is wagqing its tail. 

35. The cat chased a mouse. 

\ 

36. The farmer shot the fox with a gun.' 
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APPENDIX 4 

Four Examples of Language 

Produced b~ the Subjects 

,1 

• 1 1 \~ 
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Subject 8 Age' ,15 years 

Mean Length x Cont>hxity Score • 69-

Picture sèquence CS.R.A. Card 9/51) 

/' 

1. 1 think at the beginning the dog was trying 

to cross the road, but he wasn f t quick enough 
. 

when the car came up and hi t him. 

2. 'l'he car didn t.t bother to pick up but a kind 

man in another car Btopped and picked tUm up. 

3. 'l'he man la thinking that the dog wouldn't live 

so he'll take h:Lm to the veto 

Hearirtg LOss 103 dB 

Length Ccmplex. 

26 7 

.' 

16 7 

ï 

4. 'l'he dog is now better, but the doctor is checking 15 7 

to make sure he's a1right. 

, 5. 'l'he vet i8 8aying to the dog, "1 thlnk l' 11 call 

you a name." 

6. It' s no good cal1ing you "it" or "a dog". 

7. l thlnk l'Il calI you Spotty. .. 
8. l think you are fine at the moment, but l think 

1'11 keep you in quarantine." 

9. 111e shopkeeper at the caqe 18 saying ta the 

animaIs, "The people will a11 soon CODle up to 

sée you, and to take some of you, away to keep. Il 

10. The man is aayin9 to the bot, "Would you like 

tho.t dog?" 

11.' 'l'he boy says, ~ t w~uld, but do you think 

i~Ould be dear 'to feed -11:?" 
~. 

14 7 

9 7 

6 6 

16 7 

29 7 

12 7 

17 7 
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1 

Subject 8 Age,lS,years 8 103 dB <> 

Picture Sequence (cont'd) 

12. "No 1 can afford ta keep a dog." 

13. "O.K., weill take this one." 1 " . 
14. The boy says, "Oh', thatls riqht, wa'd have to 

buy soma things to make the dog comfortable." 

15. The man says, "Weill buy these for the dog." .' 

, 1 

8 ., . 

5 7 

17 7 

16. There's SOIIIe dishes and SOlDe ,l,euhes .with Il collar to chOO8'e tram. 

17. The boy says, MI vauld like the yellow leash and a beautiful collar 

to put on the OOg." 

18. The man says, MAnything e1se?" 
, 

19. The boy says, "Ob. we nearly forgot to buy the le4sh tOo." 

20. 'lbe man Elaid, "'What about putting the things together so that we 

cm buy them properly and not steal them." 

/ 

J 

~ . 
; ~ :- '; l y;~:~:;:- :,:;:,~:,," ~ .-~ ~_:::-, {"lr~l~,'" 1,~1! j.,;,-;:_ ..... :,J~:i .. "":~- .... -:-'~~~~m~tgqà~i~~fr}' .. ~~Afî / .. ~~' 

, 

- . ' 
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o SUbjéct B Age 15 years AAearing Loss 103 dB 

Manipulation Of,space 

. ' Length Comp1ex . 

1. My bed is on the left side near the door. 10 4 

2. My desk iB also on the 1eft side but in the 12 7 

corner. 

3. My hanging clothes are on the riqht side of 11 4 

the door. 

4. Between the bed and the clothes stand Is a door. 10 7 

'1 
5. There i9 a drawer in the corner on the right 15 4 

side near the clothes stand. 

6. On that 9 ide, near the drawer, there 's a 12 7 

window in the middle. 

7. In the corner, on the side near the window is 13 7 

a book9tand. 
/ 

8. Between the desk and the bookstand ia a press 20 7 

~or clothes, and in the midd1e there 18 a-1ight . .. 
9. There's another light for my reading in bed. 5 

10. MX bedroom is upstairs, facipg north. 6 5 

" 

, '. 
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Subject S Age lS years Hearin Loss 103 dB 

Conversation with Teacher 

. Brother "Good afternoon Paul, hQW are you?" \ . 
Lenqth Comp1ex. 

Il 

1. Fine thanlts, Brother. . 3 3 

2. 1 think 1'11 talk about Olristmas. 6 6 

3. 1 think l'm 9Oin9 away but 1 don 't koow where 12 6 

to ~o. 

4. My mother and father has been tryinq to find 
1 

, a place where we caR qo, not too far from , 
" Sydney. 

5. We will prObably <]O,"8y âfter Christmas. 7 4 .' 
" 6. We may be qQinq wi th some friends of mine,. 9 

7. 1 was 90in~ to qet a watch for Christmas, 7 

but-my father's friend can't,qet it till 

after Christmas so l'm qoinq to qet a new 

wetsuit instead. 

8. 1 may 94» away w~th Joshuâ to some p:J.aces, lB 5 

but 1 haven't got much money at the ~ent. 

9. 1 may be working at Christmas holidays. 

10. 1 need the money bad1y, because 1 hâ~e made 23 7 

a lot of friands and they keep hauntinq me 
.. 

to go to some places. 

Il. In the past few days, we have been havinq 16 7 

a lot of free work at Oakhill. 

( 
12. l'~ 90ing to finish school in two days' time. 9 4 

", 

f -
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'1 

Subject 8 Age 1S years 

Manipulation of Time 

1. 'irst, 1 will qet soma thinqs'ready .for a 

cup of Milo. 

2. ' 1 will qet a pint, of milk, and some Milo 

and sorne sugar, and of course, the l!IO~t 

i1lq>Ortant thing, a cup. 
, 
3. Secondly, you pour in milk and the,n you put 

in two teaspoonsful of Milo. 

\ 

4. Then you really mix them up if you want to 

make it Sl'IIOoth. 

5. Then ~u add some sU9ar, if you lUte suq~r. 

6. And then if you want sorne lee, you 'let some 

iee a.nd Pllt i t in the cup. 

7. That makes it an iced Milo drink. 

8. Firstly, 1 qot sorne things for the Milo. 

9. 1 had a pint of milk, and Milo and some suqar. 

10. ThEm I poured some m~the cup. 

11. Then 1 put in t~o teaspoon?of Milo. 

12. Then II really made ft smooth. 

13. TRen 1 put in sorne 10e. 

14. Then 1 had instant Milo drink. 

15. Then 1 drank it all up, inc1uding the 1ee. 

J \ 

, . 

Hearfn2 Loss 103 dB 

Length Complexe 

12 7 

22 7 

14 7 

13 7 

9 7 

17 7 

, 
7 7 

8 7 

11 4 

8 1 

à 7 
'\ 

6 7 

.' , , 
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Subjec:t 8 Searin51 Loss.I03 dB 
, 

Question Forms 

Brother "Last Saturday l went ~ Cronulla." 

1 Lenqth Compiex. 

\ 
1. WhÀt. were you doing At. Cronulla? 

\ 

2. l'as your father pleased t.o see· you? 

3. Was he expecting you? 

4. Why didyou wartt tà see your father? 

" 5. What were you doing last. week? 

6 

7 

4 

8 / 

6 

6. 1 mean when you last saw him a week or so ago? (12 

7. 

8. 

How did you get t.here with the petro1 shortage? 9 

But 1 tbought Crom\ùla 'and other suburbs hadn 1 t 10 

much petrole 

9. Wu there a lot of trouble getting petrel 9 
", , ' 

there? 

f , 
10. What time did it open then? 6, 

, ., ' 

11. In the afternoon? 3 

12. 50 that means bat' you probably 1eft here 10 

about two. 

13. Why then were you so long? ( 
14. Who did you go to the be~ch vith? 

1 

15. Did the Hastings fami1y go vith you to see your father? 
1 

16. How did they get home, by themselve~? 

. / 

4 

5 

4 

5 

" 1 

( 
7 

4 

4 

3 

J 

." 

" / 
/ 

.. 

r 
.. ,.. ," , 

~! 1 

~, 1 
, , . . 

.,.;; •. \. 'f" 
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Subject 17 ears Hearing Loss 120 dB 
,., 

J~ Length x Complex~ty Soor = 37 

Pic~ure Sequence (S.R.A. Card 6/34) 
Length ~ 1 ..( • l • Comp~ex. 

" 
,------------------------------------------------------------------------------------

1. 'l't\e boys' father said, "WOuld you like. to qo 

, 1:o<lshop and buy something for me?", " 

2. 'the boy said, "'1'hank-you.'" 

3. Thèy went to the shop and they asked the 

shopkeeper. 

4. They wanted cornfl~es and sOmethii).~ else. 

,5. He said, "Is that a11?" 

6. "Give me two dollars." 

7. Th~y were playing on the bars and the boy with 

.. 
the b1ue shirt ''$~id, "It ia fun to playon the 

bars. If 

8. 'l1le DWJney has fallen down 't«i the ground but they 
, l 

didn't know. 

'g. "The father said, "Give me somel change and put 

the things away - Il 

10. '!he. boy said, liNo, l Ihaven 't any. Il 

III . The boy ls 100klng for the roney but he can't 

,1 find it. 

12. '.the boys wer; afraid of him because he was very > 

&n2ry with them. 

13. Th'e fâther said~ "Where's the tnOney?" 

14 •• But hlle boy aa~ci, "1 think it fell over when ~e 
r.. \ 

tleré' p1aying with the bars. Il 

16 7 o 
'\ 

5 7 

10 5 

6 4 

5 7 

4 7 

22 7 

12 5 

7 

7 7 

12 5 
" 1 

) 
(; 

13 5..--' 

(, 

c 

, , , 

., 

, 

> ' 
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Subjeèt 17 Age 14 yeal'~ 

Manipulation of Space 
o 

\' 

1. 'Wil~ l talk about the wa11paper? 
~ -

2. 1t looks HIœ ,flowers and p!Dk lines. 

3-•• There is only one window. 
.!' 

4. It 'si about there. 

s . .' The curtàin i5' pintc., 

6. 'lbere ~e-' two beds ~or me and Jenny. • 
- , I, 

7. They are near the w indow. 

8. The small drawez:: is between the beds. 

9: 'There are three drawers. 

,', 

10.0 'l'Wo drawers are for socks, the other one ia ' 

for shorts. 

11. 1 ha~ two 'big cupboards on the: 1aft side. 

12. 1 have the dressinq table on the front wall. 

13. 
1 

Thë carpet, ls dar~ brown an~ liqht brQWn, 

-, 14. }J.l_ the rooms have the sam~ carpet; 

lS~ The kitcHen and laundry have no carpet. 

Hearing Losa 120 da 

'Length Co~lex. 

6 4 
.. 

1 7 

5 4 

-, 3 

4, 

8 4 

5 7 

7 

4 4 

11 7 

9 4 

9 4 

16. If}'bU spi11 the water the carpet'will qet dirty. 

o 
, ":" 

~, , 

17. 'The book$~elf is betw~_~~ the, cup~ard and the 

"dressinqtable. 
./ 

o '18. 'l'tiere are three she1ves. 
/ 

19 • Tt1E~re are about thirty books. 

J. 

• 

"<; 

f 

/ 

" 

" 

/ 

,'! 
~~ 
,1 

, ~ . -~~ 

,., ~J~ 

,'1 
.~ 

, '1 
:~ , . 
, ' 

" 
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Subj~ct 11 'Age 14 years Hearing Loss 120 dB /" 

Con~rsation with parent. 

l. My name i$ Dianne Jardine~ 

/ 
2. There are five people in my family. 

3. 'l'tlf~y are Mio~ael, Jenny, Mum, Dad and myself. 

4. 1 li va in North Rocks. 

5. Yes 1 do. 

6. Because 1 have a lot of friends here anc:f' I like 

my sOOool this year .• 

1. 1 want a sohool port .. a hair dryer, some peneils, 

a pump for 'J1I'j air mattress 'and some skis. 

8. Well, welle 

9. I aJ\\ 901n9 to Victoria 

,10. Yes 1 am. 

Il. 1 will see IllY Grandmother and Grandfather 

12. 1 will learn how ta ski in the lake. 
. 

13. Alright. 

14. Yes, but she doesn't like éome teachers. 

15. No. 

16. Cf course, 1 love aIl sport. 

17. My favourlte sports are tennis, netball, football, 

18. 

soccer, softball and shotput. 

v 
1 am going to Luna Pa~~ for free. 

.... 

we are 9qing the~e because women's.weekly gave 'us 

some free tickets. 

,-
."-- , 

Length Complexe 

5' 4 

7 4 

8 7 

5 4 

3 3 

f:I 15 5 

19 4 

5 4 

3 3 

7 4 

8 5 

• 
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Subject\ 17 
'f:} 1 
Manipulation of Time 

Age 14 years .., Hearinq Loss 120 dB 

Leng-th Comp1ex. 

1 

1.. l 'm going ta take one teaspoonful of mi 10 • 

2. Now l'm going ta put 'it into the bowl. 

3. l will take the lid off. 

4. l'm taking one teaspoonful of guqar and putting 

it into the bowl. 

5. l'm shutting the jar. 

6. 1 ~ m pouring the milk into the bow1. 

7. 1 • m mixinq the milk. 

8. l'm pouring the mix into the 91ass. 

~. l've tried some before but-! don't like it. 

10. One teaspoonful of milo was taken. 

Il. 'l'hen it was put into the bowl. 

12. Next the jar was opened. 

13. One teaspoonful of sugar was taken and put iuto 

the bowl. 

14. Then the mix was mixed. 

" 

15. The mix was poured into the glass, but it wasn't drunk. 

16. First l took one teaspoonful of milo. 

17. '!'hen l dropped i tinta the bowl. 

18. Then l opened the tin. 

8 

9 

6 

12 

4 

7 

4 

7 

9 

6 

7 

5 

19. l took one teas.poonful of sugar a~d put that into the bowl. 

20. Next l mixed the mixe 

21. Then l poured it into the glass but l d'idn't drink it. 

4 

7 

4 

5 

4 

4 

4 

4 

7 

6 

7 

7 

o 

! 
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Subjèct 17 Hearing Loss 12~ dB 
l ' o Question Work 

Brother nI went to Townsville la st Thursday." 
, '-

Length Complex. 

1. What time did you go the~e? 4 

1 2. How many minutes did the plane take to Townsville? 9 4 

3. Was the weather hot? 4 4 

4. Did your friend wait for you? 6 4 

5. Who waited for you to come? 6 5 

6. Who's he? 2 3 -

7. What did you do first at the airport? 8 4 

" 
8. Has he Any children? 4 4 

9. How many children does he have? 6 4 

10. Ar~ they his daughters or sons? 6 4 

li. Is one person deaf? 4 4 

12. Which one? 2 2 

13. What's his name? 

14. How olj is he? / 

15. Did you have Any (ea with.them? 

16. Did you go somewhere? 

17.' Where did y~)U go? 
" ... 

19. Did you have Any meeting? 

19. Was it boring or interesting? 

20. 

~l. 
~id you go to the school to see the deaf children? \ 
Could you understand them? 

22. Did-you know sorne children? 

o 23. Yes, she has red hair. 
" 
, ! 
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Subject 17 Age 14 years 

Question Work (cont'd) 

24. What dia you' do on the wee~end? 

25. Did you lIee James and Peter? 

-------------26. Why didn' t you see Peter? 

27. Did you want to see Peter? 

l 

,'. , 

, ,.-

Hearing Loss 120 dB 

\ 
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S\lbject 3 Aqe 13 years 

Mean Lenqth x Complexity Score = 24 

Picture sequence (S.R.A. Card 9/49) 

1. He took a bott~e pills. 

2. He ate them. 

3. He said, "Don't eat them." 

4. "The pills will make you more sick." 

5. He said, "A1riqht. n 

6. "1 won 't eat any more." 

7. He told his mother. 

8. He said his brother took a ~ttle of pills. 

She said, nReallyl Where i8 he?" l 

Hearinq Loss 98 dB 

Lenqth Complexe 

4 

3 7 

5 7 

7 

3 7 

5 7 

4 4 

9 7 

6 7 9. 

'10. The boy said, "He' s on the table on the bathroom." 10 7 

11. The boy said, "You are a silly boy." 8 7 

12. You ate them too much. \, 4 

13. The mother said, "My~bn qot pain in tummy." 

14. , He had the pills too much. 

15. The sound carries the noise of the siren. 

16. The doctor says, "1 hope you won't die." 

17. The mother said, "1 hope not." 

lS. The mother is pattinq her son's haire 

19. He ls lyinq on the bed and still better. 

20. The mother said, "Are, you better?" 

21. "You will come hOl'l\~ very soon." 

22. "I hope:you won't eat the pills Any more." 

.. 

.' 
.' . 
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Subject 3 Age l~' years Hearing Losa ~8 dB 
• 

Manipulation ,of Space o 

Length Complex. 

1. Draw a square. 

2. The door's at the bottolU. 

3. A dressing table ls at the ~ide back of the wall. 

4. Draw a mirror stand at the ~all. 

5. The small cupboard ia a side front of the wall • . . 
6. The big cupboard is behind the small cupboard. 

7. Thatts wrong. 

8. The two beds are at the corner of the wall. 

9. The big cupboard and two beds are between the chair. , 

10. The mat ls in the carpet on the floor. 

11. The mat ia nearly the middle. 

12. 1 have a smaii bedroom. 

13. 1 will change my bedroom~ 
1 

14. Because, so 1 will qet more drawers and bookshelves. 

15. Yes, sometimes. 

16. The windows are at the wall. 

17. The windows are at the back o~ the wall. 

18, The windows are near my bed. 

19. 1 tbought you were talking about my bedroom. 

20. Therets a 1ight switch on the door. 

21. Therets the standing up 1ight can't maye. 

,22. 'l'here ls one light s,tandinq in wall. 

23. In my bedroom. 

3 3 

5 4 

7 14 

8 4 

2' 

10 4 

5 4 

1 
1 

1 

t 

'.' , , . .,,' 
, ..... .j 
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SUb1ect 3 Hearing Loss 98 dB 

COnversation vith parent. 
Length Complexe 

1. We will go to Dubbo to pick my cousin. 

2. Then we will go te Canberra. 6 7 

3. We ~ill see my Aunty' and fdends. 7 4 

4. We might go camping in Bateman's Bay. 7 5 

5. Yes ve vent. 3 3 

6. We had a swim on the beach with my aunty and uncle. 12 4 

7. My aunty and uncle slept in the caravan. 8 4 

8. we went to the snow for three days. 8 

9. There were fort y two children. \ 5 1 

... 
10. The snow vas beautlful. 4 4 

11. We played "in the snow. 5 4 

12. It was cold. 3, 7 

13. l would like to 'go t~ America. 

14. l would like Disneyland. 

15. r would like to ride. 

16. r would like to ride some fair. • 

17. Yes it's called. 
1 

18. The building, the large building ls called a skyscraper._ 

1 19: Dad vent there before a plane • 

. 1.,,20. l would 1 ike to go and' se~. 

21. l ~ver go in ~e skyscraper. f 

22.' l nevér go in the large buildings in New York. 

23. Yes Imight go to North ••• 

24. We will go to Hollywood to see what do they play. 

~I, • 
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Subject 3 

Manipulation of Time 

1. l am taking il spoonful of, Milo. 

2. l am goinq to put th*!! Milo /in the bowl. 

f\) ,taking the spoonful of Milo again. 

4. l am going to put the Milo in the bowl; 

5. 1 am taking the lid off the jar. 

6. watt. 

7. 1 am taking a spoonful of sugar. 

8. 1 am putting the sugar in the bowl. ' 

9. l ~ going to put it on the t9~ iar. 

10'. 1 am pour:J.ng more milk in the bowl. 
, 

Il. What's it ca11ed? 

12. 1 am gains to put the mixer in the bowl. 

13. l am turning the mixer. 

14. WOuld yeu like to drink that? 

15. l am pouring the m~lk out of the bowl. 

16. It's too sweet. 

.... , , 

Length ~lex. Î· 
7 4 

10 7 

... 

10 4, 

8 4 

1 1 / 

7 4 

8 ., 
/ 

1 
/ 

8 4 

3 ~/~ 

10 ( 

/ 4 

G 
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Subject 3 Age 13 years 

Question Fo~ 

1 

Teacher "1 saw an accident. Il 
1 

1. What happened? 

2. Did the people kil! themselves by the car? 

3. What did they do in the car? 

4. Did they break their am or leg or toe? 

5. What did they break? 

6. Did the other people die? 
'f 

7. Was there someone got blood all over their body? 

8. Where did they crash at? 

9. You said Queensland. 

10. -How many cars did they crash? . ( 

Il. How did you feIt? 
1 

12. Why? 

13. Who rang the phone about crash? 

14. What did' you talk about? 

15. What about ambulance? 

1 

. 
Hearing Loss 98 dB 

Length Complexe 

2 2 

7 4 

9 4 

4 4 

5 4 

5 4 

3 3 

4 

1 l 
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Subject 12 Age 13 years Hearing Loss lOS dB 

Mean Lenqth x 'Complexity Score = 11 
, 

Picture Sequence (S.R.A. Card 6/34) 

Length Complexa 

1. 1 think they tlant sane 1l\Ore money to buy some... 11 7 

2. 1 think they want to go to the shop. 0 

3. They want sell him. 

/ 
4. They want sorne bOoks fÇ>r school" 

5. 1 think he' s very happy forgave you. 

6. Some money. 

7. That' saIl. 

8. They are playing,around. 

9 • Beca use t~ey other- school or home. 

10. Sorne dog will take the baga 

11. The dog will take some food. 
) 

12. 'The man, "Where' s m)" JOOney?" 

13. They h<lven' t got any JOOney. 

14. 1 think they give him sorne more money. 

15. He want his mo~ey--his change. 

16. The man very angry with them. 

17. The boy very worried about the money. 
\ 

18. 1 think he will tell the ma~out over there. 

, 1 

9 7 

6 4 

2 2 

3 

4 .4 

6 4 
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subjeat 12 Age 13 ;(ear~ 

Manipulation of'Space 

1 
1. 1 have a oJery big my bedroom. 

2. My bed 18 very big behind the window. 

3. The window i8 back. 

4. The window 19 behind. 

5. lt short. 

6. 'It small. 

7. Thase are blinds. behind my window. 

8. Cupboard in my bedroom. 

90- The wall paper purple, pink and white. 

10. All there, all bedroom. 

11. ~e cupboard taller. 

12. The door on the top. 

13. No, not the top. No over - there. 

14 • Th~ êupboard corner. 
\ 

15. My bedroom near the window. 

16. On the top, yeso 

17. Pillow, the pillow i5 corner the window. 

18. A mir,ror, the mirror near my bedroom. 

19. On the top. 

20. No tao big. 

21. 1 nave only one picture. 

22. OVer there. 

23. No, ne,ar cupboard. 

2~. l have only one tàble--the corner. 

25. 1 have one rug on the floor in the middle. 

\ \ 

Hearing Loss 105 dB 
\ 

Length Complex. 

..,. 

4 4 

", 
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SUbject 12 !Me 13 years 

Conversation with.parent. 

1. Next week k faJÜly they went away on boUdays ~ 
1 

2. They want to see fIl'J Nanna and Pop. 

3. We family sleep in the c:aravan park. 

4. Next week Kim and Kassey CODle to IllY place, havé 

a. .holiday because they haven' t be seè my place. 

5. They waot to sleep, play with me. 

6. Next Sunday a11 go to my friends Lwater skiinq,. 

,. My fr~ends went to on the boat. 

8. l ride down. 

9. l can't water-ski. 

10. My brother can water-ski. 

11. IIt's tao cold for a,swim. 

12. What yeu say? 

13. l ùnderstand you. 
1 

\ 

14. Next week we be able to r*im. 

15. l woul~ like ••• my family. 

16. That's al!. 
1 

, , 

/' , . . 
1 

Hearing Loss 105 dB 

,Length Complex. 

8 4 

I- r,;,. 
\ 

.-........ 

-.-.. 

- 0 

'-
3 .3 .,.,. 

c 
4 ,4 
fi 

5 " 4 

6 4 

\ -
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Age 13 y!ars Headnq "LoBS 105 dB 

~ Length Comp1ex; 

\~. You will take a gl&8S. 

2. '!'hen yeu will open the till. 
," « 

3. Then you will put.. the milo in the glass. 
co \ :" l' 

4 • And the,' spoon there. 

5. Take the sugar in the glass. 

6. What's it for? , . 
1. 1 .. \~' 

7. . You will, take the spoon, ~ut in the mUk ~ 
.~ .ç 

"l'b~ the milo and you take •.. 8 • . " 
"l'ben the mix spoon. ",.,./) 

"-:. ~ 

~ , 10. 'Shake in 'the bowl for two minu~s. 

~ 

11. Then you: will eat. 

" Ji 
• 12'. You put the spoon in the bow1. 

" 0 , . / 
'!'hen vnu nut SOIIIe milo in ,the bowl. 

,~~ ç ~ 

. (' 

i4. 
1 

Only half sugar, in the bow1 . 

. 15., Then you will shake about 4 minutes ... 

;1.6. 'rhen p~ some' dri~ ,Put.~i:~,~e 91~SS. 
\ . 

18. 

.... 

':l'h~OU wiJI drink the milk:,in" the glass. 

"l'ben ~u "a:ld, tilt beautiful.'tI 
, ' 

" 

II'" .. ,r 

) 

" , t' 

, ~ . 
• 

.' . . ' 

. , 

5 4 

6 ~7 

7 

6 4 

3 4 

7 

o 
1 ·4 

- c 

" 7 4 

'. 

, r 
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' . , 

.,. 

o. 
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.. 

" , ~ 
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/ 

APPENDiX 5 

Confusion Matrices for Consonants under each condition 
ot presentation and in each vowe1 context. The figures 
in brackets represent the, number of correct consonant-
vowel responses. NU1d:>ers adjacent to bracke\ed figures 
indicate correct cons~t but incorrect vowe1 identifications • 
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Appendix Sa: Confusions under Auditory (A) condition 
in the [a] vowel context 
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C~fUSions under Auditory (A) condition 
11'\-the [il vowel context 
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Appendix Sc: Confusions under Auditory CA) condition 
in the [u) vowel context 
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Appendix Se: Confusions under Lipreadinq' CL) condition 
in the ri) vowel context 

!Pl ~l 1-1 iiI iiI Ivl Ir] If) IYi U)l I~I, III Inl tlIl l''~l Ih U1 la) te' It) 14) It) 14) \lI1 191 [il IiI (hl 

2(6) ~ 3 2 5 

9 cel 9 2 2 

2 (6) - 2 

Cl3) " 
1 - 121 

-. 

0; 

(141 1 

(lS) 1 

1 - Cal 

s 
l 

, 

~ 

m 
1 

1 

;. 
t 

1 

1 

-r 
" ... 

J 1 

1 1 1 

llleU 1 

311:1)- ,~, - - 1 

:- 1(2) 1 1 1 1 1 1 
'. ) (3) 2 1 1 Jo 2 1 1 1 :1 

(li t 1 
.: - \ [d~J 2 m -"" 

II] 10 7 1'" - 1 1 

tH ClI 1 1 

(IJ ~ '" C7) a .. l .. 2 :2 

[IJ' 

ItJ 

:. 
1 2 J. 1 1 

2 Cl' 1 , 2 1 1 1 

1 3 , l nt 5 2 5 Jo 4 :t .. :1 

[41 4 Jo :2 :2 .. 14' l l 

lt) 1 :1 1 , Cl) 3 :2 2 1 

tdJ "- (0' 1 1 

lit! .. 1 '1 S ... 1 2'''' 1 • 1 5 

19) 1 li 5 1 .: 
~ 

l 5 :1 (2' 

(il 4 1 1 1 1 1 1 l (2) l :1 
li, ;; 1 - ' 1 (0) 

lhl ... ___ . __ '"-_-_. ___ .~""----'"-.~ _____ -_____ - - _ .. - _ • ___ ~_ _ _ -~_-~_~.I' .!".--.in 

l1li ~- 1" 1 1 J l '1 i 1:1 :1 1 1 5 :1 

. Il 18 18 18 tl la 18 la' l8 16 t8 la -le la .a 18 111 18 18 18 18 la 18 II l! 18 16 II Il' 

fi' 

~ 

..... 

1 
~ 
~ 

" 1 

.. 

? 

." 
" " 

("',. 

" l''). 

:';" 
"'-lt 

?, 

r· '~<-
' " 

t~~~~ . , 
:;";.- ~~ 

f 

~~~~~--~~~--~~----------------------------........ --------------------------~----~----~ t· 
' .. ~ ~ ~, ~ ~~~:: _"''':-;' ~L ~ 

" T _~ _~ ... -["-,.. ~ l'. 
\ 



, - \~ 
~ 1- ~ ~ 



"-~~, ____ ~~~.tW~~-;~ ......... .-

~ L,/ ... 

, l' 
,', 
, ~ 

'",-

• 

, ~i 
l 

~~ .... -::-

;.j 

";~J 
,,,1 
,;..t -pou. 

i"1 · ,. , ~ 
.:-;fj (pI 
:~i 

·lb) " ; 
'; (:al 
,! tP) 
'" 

'~'l lbl 
Ivl 

'~ (1'1 

':i ' (f) 

~ll Iv] 
={! (Gl '1, 
::!~ r"51 , 

(11 . , 
:nl · ' , . 

· ' ,d) 
~ ~: I~) 
: -r_~ III ~ ~,l 

11I 

1 
ts) 

lat 

ltl 
141, 
l't, 

.'t.tj 

~ (al 
~-:-... . tM ~ ~, 

~J:} • '9. 
ti)' 
lil 

f. 1"1 
!lIt 

li 

~ 
- ,-~~- .. ,""'~-

"lt 

Appendix 59: Confusions under Auditory and Lipreading (AL) 
conditions.in the [al vowel conte'xt 

:> 

Cpl lb;] rai (pl (SI M (1'1 (fI (.1 ('1 (61 (11 (III (th (d~1 dl tH 'el Id ttl (41 ,il tll (k) kt lEI (il Dtl 

(lO) 5 2 

a CUIS .. 
1 '(1'1 6 ':: 

(16) 7 1 

l 1 CS, - 1 
~ l 

- ,U16, -

1 lU4, - ;. -, J- I 

- 5(91 12 

.. C41 - l 

- Ul()- ~ 1 
,- - 'ClSJ- 1 

- 1112)2 .. l 1 1 2 1 

1 C2' - 1. 1. 1 1. . (5' 3 .... 1 

- ,. ) HI 3 -J ., 
5 7 J(~) 

.. 1 . - (l' 1 1 1 1 

J 2 (4) 3 1 .. 3 7 1 1 CJl 2 ) 

1 .. 2 • , 2(5, 6 1 2 2 1 ~,. 
1 1 5 • , (lJ - , 

- ,a) ,10 l .. l .. 
" - '. -: 2 (l) - 2 .. 

1 2 1 1 3 1 l 1(tl 1 1 -. 1 

2 1 " t .. 1 Cl) 

.:. 1 2 1 - l7l 6 10 

. CO, . 
-... - 1'0' 

1: 1 1 l l 2 l l 1 1 2 ! 1 l 1 

II 18 18 18 18 11 18 II 18 l~ II l' la 1B,l~ lei 18 111 la_, 1.8 16 18 18 la la 18 la 11 

.L "'_r. - \,. ' YI • 
- .. ' ;:, 

~" r <-:.1';' ,',", ,.- ",', ~', 

~ 

1 ... .. 
1Q 
1 

l ,'. 

.z, 

'. 

7 r, 



;!, 

(J <\ --1 

\ 
r ~ 1 , 

/ 
Appendix §h~ COnfusions under Auditory and Lipreading (AL) 

.candi tion in the [il vowe1 eontext 

".poIlA [pl lb! r., (pl Ibl (vI trI Ifl Iv] te] r&1 111 [nI [tJI [d~1 Ih [\, III rll It] [Cl ft! ,ib p-LW- &kt IiI PlI 

lil (101 3 4 l 

lb! • 2(12)4 
, 

( .. 1 . (10) 1 l -#1 
(pl l - 1(14) 13 • l 1 -

lb! 1 (2) 

[", • 4(14' 2 

Irl ., (12) 5 2 ., 
(fI . 5ca, 1 

tv] . (a) 

(el . 21151· 

161 
/ 

lU) • 1 ,1 c· 
. 

'~ [l) 1 (21 1 2 3 4 l 1 1 , 1-' 
ln) 5 3 1I'n • 1 l 2 2 l 1 VI 

ldl 
-0 

1 CU 1 1 , 
t4~J 1 .(2\ 2 

IfI . '1 - 10 9 (12) 

U} 1 - (1) 1 1 1 [., . PI 6 3 4 3 1 1 

(&\ 4 tl) 3 :1 1 

ftl 1 3 1 4 6 4 C81 fi Z 4 fi 1 2 3 
,." 

( 
[dl 1 1 1 J l (Z) - 1 1 
[t) - (a) 4 3 3 1 
14] 1 CC) 

Iltl 5 2 4 1 3 (61 3 fi 1 fi 

191 1 fi 1 1 (01 1 1 
li) :1 J 2 . [fi} " t;J '.< . (01 

lbS - (01 

(11 1 1 

.1!L-
iiI' 2 1 2 2 J 2 2 J " J 

!f , .. la 18 le 18 18 18 18 II la 18 18 ,8 HI 18 18 le 16 16 18 16 18 18 18 II li 18 18 18 

/ ... 
J 

-". 
1 { 



, .. 

" 
:' 

~~ 

~~ 
;1. 
-~ 
:( 
',~ 

", 
l,1 

i 
,1 

,:1 

~ 
~,~ 

.. ~ 

.~ , 

1 
~ 

-
..... ;""r'"~"l "-- ... 

Q 

( 

IInpCIII .. 

(Pl 
lbl 
fIIl 

!Pl 
Iii) 

Iv) 

Irl ~ 

li) 

'''1 
,- [91 

(8) 

ru 
ln} 

'''fI 
l~~) 

III 
ln 
1-) 
lai 
rtl 

[d) 

ri) 
td] 
(k. 
19} 

((1 

"'J o.J 

~ 

• c"., .... - ;7~~l."_> ';,~~< " •• ,,,".,,~ ~. '-k----:, .' ,.' .~""J;-''' __ ''''''''_ .. _\:.'".",,"'i!",""è·'9B'~~~~ \ '" •• .rr.-~tf' "'.><"r-J"'<~ \-'- "'-- ,~';!o;. ~'~~ • ~~ '" ~~~:;.'I> 

Appendix Si: Conf~sions under AUditory and Lipreadinq (AL) 
condition in the Cu] vowel context 

\ 
II'J lb] '-1 Ipl rh) (w) Ir) tfl Ivl '81 161 l11 Inl ItII I~SI 111 '" '.1 'tl I~I Idl Itl (dl tkl 191 IiI ,,1 III 1 

(121. 3 

4 (1).7 

1 3 (II 

1 

1 

- .-

1 

1 1 

fl'1) U 

(1) 

(10) 1 

2 

1 (5)" - '-

., -
2 

1 

1 

1 :1 

1 191 U 

1 nl 

1 2 - 1(16)- 1 

1 

1 

L 

1 

1 

1. 

i 

1 

1 

118' - 1 

(5) :1 .1 

2 

~ 

Ul 

I:U 

1 9 

l 

1, 

~ 

- / 1 S 3 

.-
$ 

1 

1 

(0) 

$ 

2 

;) 

:1 
3, 

• :u 
.. 

1 1 

1 ;\ 

. -
1 

1 4 2 -. ;2 1 

'-
1 1 1 

2 

2 2 1 

1 

7- • 

.. 2 

2 1 ~ 

(U)" ~ 1 

1 (5' - 2 
':1) ~ 

1 

.. .. 
1 1 

1 

2 2 :1 

\ 

• :1 

) l:a):I l 
:1 1 

1 

5 3 12' 6 3 4 1 2 2 

:1 3 2 1.2) 1 1 

(1) 1 l 2 

1 (U 

-1 

1 

5 

1 , 1:1 l ,., • 3 :r 2 

1 - ClU 

,1 2 - Ut 1 

(D' 
1 

r\ 

--
/ 

'-

1 
~ 
VI .... 
1 

~ 

'.J 1 "2 __ -. 1 

:1 

C 1 

1 CU 
1 

•• 1 1.1 1 1 1 l' 1 2 J. 2 1 2 

• 1. 18 18 18 li 18 II 18 18 1. J8 li II 18 18 18. 18 18 li 18 18 18 18 1__ 18U 18 li 

~ l t " .... 

'- ) 3 d , 

": ... j:J ... ':.- -=. ~~~~), ~-::-::..~,...~, _<..r ~~ 
't> 



~C 
- ~ 

"1 .. 
.... 

. ,:'~ 
Appendix Sj: Confusions under eues (C) condition . 

in the (a] vowel: c::ontext 
~ } / 
.. ~. (PJ (d) IbJ flll (tIJ. rH [-, (tJ If) Iv) (11 (fi, Ih) I-J, (rI (81 Id~t 1.' Ptl (.1 (al ~al lb) (~1 [ill ftl iiI (91 

~ ~u < 
14)- il (6) 0 

lb! lUt' .-

. ~1 Inl 6 2(5)· 1 .. 11 

-,1 ItI! \ 2(7' 12 

;,l 1:" , t61 ... 

'J.... ,.) leS) + 14 ,. 4 

;.:, ~ Itl 7 (4' ~ po .. 6, 
,;, (tl 1 2 1 m , 
~ . 

[vI (2) S, ,. - • 

;. III 10 t'l) 6 .. 

,Il - 6 6 .. , 

y. , "'1 iGI l , 

, '1 1-] - [ - 5 (5) ..s 
~l Irl _. .- 1- 7' 2'" 
:J (8) (li l 8 7 

,~ ; td'51 • (S, -1 

] (9] 9 10 (9) 

{ , Pel (8' 6 7 4 

J {vI 5 (51 6 4 .• 
,'1 

:.;: ~ Cal .- 1 1111 4 
::~; [61 4 6 3 2(4) * 
,..~ 

~'~ lb! 1 17' 
:~~ ril • ".. - 6 (9' 11 
" • [dl -, 3 21S1 

'4 ~ Itl 2 l 4 131 

,:-:: I~) 1 (16' -

, 
1 
l 

1 , ! 
t-.JG...i;.; .... "...,-- "' ... ~ ... ~ .. .-

~,t' 

~ 

ril _~ _-_~__ 3(6) 

tIR 1 1 2 2 2 2 1 

Il 11 18' 18 18 18 18 18 18 J8 18 18 18 III lB' fil 18 111 18 18 18 18 19 18 18 18 la 18 18 

'" 

r 



, 

1 
~ 

1 

" , 

t 
~ 
! 

( 

Q 

~ .... 1 

-I~ 

I~ 

-:! 

'i' -
.-
::: -"û -.... 
,5' 

;il 

1 

, 1 

" 1 

-1 

-. 
" 

ft , .. 

ft 

" , 

= .. 
ft 

~ , , 

-153-

, 
1 

, .. 
. .. 
... , 

, . 
1 , 

... 

.. ., 

,-
1ft , ... ... 

... §. '., ~,..I .. 
... 

.... • W\ e • .... .. ,lé' ., ...... 
1, 1 

" , , .. H ,.. .... 
1" ( 

1 ... ~ .. 

:! • ,... 

.. E .". 

-~ ... .. , 
/ \ . 

" 

l " 

1 .. 

t 

l' 

" , 

. 
• 

1 •• 

1 , 

# = .. 
1 i • 

=! : - , ... 

, .' 

..... 

" 

.. . 

" 

:i • . ... 
• .... 
• .. .. 
• .. ... 

.. := 
• .. 

1 .. 

., .. .. 
• , .. 
• 1 .. 

., , .. 

... ... 
• 1 .. .. . ~. 
• , .. 
• 1 .. 

.. .. 

... , ... 

., 
1 ... 

• .. 
• .. 
• , .. 
• .. 

1 Il 

" 

'," 

.... ' 



o 

-,~ 

:ra -

'. i 

J 

o ,1\ 

,'" 

" 

r 

.... 

... . .... 

• • 

l' 

v 
1 .. 

.. 
... 

l' • 

, , 

l' , ' • 

L..' 

.. ê 
;;; 
::111\, 

E 9 .. 

... -... " ... ... 

-154-

.. 
" 

... ' ~ l' -... .... ::: .. 
E • ,. .. 
• • •• 

... -...... 

; . , 

.. 

, .. 
- '" '" N IN ~ 

, ' . 
" 

1. 

------~-------,-_ ... _------

... ... . =~ .... 
:ft , - , .. 

.. 
ift . ~ .. 

~ ... 

, ... 

/ 

Il .. 
CD 

• .. .. .. 
Il .. 
• .. .. .. 
• .. 

" , • ... . 

'. l, • 

.. 

, 

..' , 

• 
\ 

, -

/ 

... 

... 

CD 
t .. 

. ... 

CD 

CD 

a: 

a: .. 

.. 
Il ... 
III .. 

Il ... 
Il ... .. 
• .. 
• .. 

, 

': 

k 

\ , 
',1 
l, 

! 



,,/ 

"", :, " ,", 
,,,: .~, 1-' - .. '" _______________ ... l~J;,;:....-L, _~- ...... :-~~~i-.. . ..:''-__ .,.;.-------.... --.. ---.. ~-;......;...:...~c.J'...-

t c~ 

1 
1 
1 

" ' 

" , 
1 , 

/ ' 

\ 

t 

1 • 

o 

.: 
1 

" 

J .... 

~ 

-I,! 
-,~ 

:0 --.!!' 
i' . -'-
~ 

-• -~ 
'-.. , -

-:! " 

" 

'. .. 
~. rf • 

1. 1 

I~' 1 :: E 
:: 

po po N 

, .-., 
" 

l' 

, 
1.' 1 

! ft .. 

1 :; 1ft '-.. -.. !. " ; . = 1 , . 

-155-

" 

'1 
, , 

" 

.'. 1 

, , 
" , .. ! ~ 

1 • 

" 

\ ., 

o. 

/ 

.. .. , 
l' 1 , 1 

.~ 

:!'I i. -., :ç. • 
· !t -'~ • 
""'-S l' 

. = ... 
, 0 

1 1 = ........ ,.. ... ... ::: ' ~ 

l' , 

1 ~ , 

.~ 

1 •• 1 ,-: 
/ " 
1 • 

, 1 1 

l " 

'l' ,",. 
#PIt'.", 

" r,.... • .. 

l 'f .. 

, ,. 
• .. 

, .. 

.. .. 

.. ! 

• ... .. 
• ... ... 
! 

• · ... · ~ 
• · ... 
• .. 
• .. .. 
• · .. 
• ... 

• ... 
• , ... 

, l' • 

" 

/ 

/ 

'. ' 



" O· 

\ 

o 
, r 

" . 

", ~t~ J- t~;"i~~~ _',.;,r~\;",~!:.;~:Pe:~"':i."_':;·':;::~:":~"':":' _____________ IIÎII ___________ _ 

, 
l' 

~ -
:s -

-::! 
-... -
-z:: -:;: 
S 
i 
i 
i 

1 

," 

"1 

- t 

," 

. ' 

" 

-

• ... 1 

~ ... 
... 

l' 

... . , 
• 1 

-------
, , , 

l' 

-156-

" .. ... 

J 
1 •.• . ... .. 

.' 

- ft . ~ ... 

E • It\ .·1 
... N .. 

. ,. 
,1 

• 
" 

• \ 

. " 

" 

" 

i 

.. 

-.. . ~ 
;;" 

• :::! 

.' 

, .. 

.. . 

.. 

• • 

- .... - - ........ 

"" ... 

' . 

':! -e,'!: t~ ,~,~ • 

. ' 

• · .. 
• · .. 
• 1 ... 

GD ...... 
• ... .. 
• ... .. 
ID ... 
CIl 

1 ... 

., · ... 

1 

~ 

ct .. 
ct 

.. .. 

'" 

.. 
te 

1 ... 

ID ... ... 
te ... 
CIl ... ' 

ta .. 
• .. .. ...... 
• ... .. ... ... 

1 • 

f 

/ .. 



;~ ~: ~§~, :~ 3\~:~ ~~ ~~t;H:;,' ) :r)l,~,:; ~::- ,; , :' , . 
••• tU " , ;C; ,~ 

l.~_~ -151-
' , - )" .. t, .. ""' .... :g:.,Id', ~: ... (J~&.~<.L\~t'!.,.r, ... ~ 

" 
~:.. __ -,I 

{ ./ , • 

\ 1 : !' 
~ J 
t 

(J î , 
,/ 

~. 
.... - • l.!t • • • .-e 1 ... 

~ ... 
'E ft 

... .. ... ... • 1 ... .... - . ~ -.. • 1'::: ... .. ft ... • - 1 ... ... ... ,.. 
~ 

.. 5 r ~ 1 , . ... ~ - , 1 â • 1~ Il .. ... 
1 ... - .. - • 18 l, .. 1 fil • 1 .. .. ... - tô .. ft • fi • ... 

~ B .. "'! .. fil "' • - ... .. ... 
10 :t " a .. ., 
!I ... .. 

- ... 
fil • t) :!!. ... .. .. ~ 1 • 1 ... ... .. 

fi 1: ~ '0' • fil ë • ... 
~B 

~ i l' • !!! ft ., , 
+.1 1 -t_~1 • .. .. 

D8 : ... 
ft ... • :! .. .. 

.... E ~ • 
'ga: 1 '" ~ .. 1 .. 
:~ - .- E t' • ~ • .. ... ... ... 

~ ~ .. 
ti.·., 

., >fi 1 , . t .. .. 
'" ::J - ~ • oS .... - ... ., .. 

• , • 41 :: .. ... 1 • • Il ... 
1/2 'fi ... / . ' - ... • ~ g .! :; .. ., t, 1 .. ' , .... ~ - ,. - ~ • ~' 1'1 ~ .. 2 .t' .. .. ... 

;; 'He • t â~ e " .. fi .., . ... 
.. U,fJ !: ::: .. 

f -7d ~ .. ... .. .. 
1 0:; ~ 

fi - • f 
..... 1 ... ::: .. • ... 

0 -ltI ri - E l, • 
X e 1 ... l' t ... .. .... :g 0 ;0 • '" . ' .. 1 .. 
i 

... ... 
,â ... • 

~ 
::: ... t • .. 

'> 
.. .. ... 

~ 
... ~ 

."., 
., ::: • " 

~ ê • 
1 

0 • ... ... 
1 /li 
1 

i • • 1 
... -i ... - ~ ... -- :! 

... - ï: .. .... a i ... 
~ "" .. ~ .... - ;0 ti .~ l~ .~ .i ':i .e: :! oS .. ~ !! ~ ë ';;: .. :! .t .t ~ 

1 

... ... ... -
~ 

f " 

1 
" , l, 
... ;", 

,:,: ... ~ 
• 'I 

0 
) i l ' .... ~J 

~ ;-.?, 
'f(. 
, ~l.!. ------ -

- tfi:!'. 

f 
" 

~#A 
..-'),1' 

~ <..f',~~ 

~. l O;;t,;ff 
~;';:?~' ... ;~; , (i.: 

\ J ::~, ~, 
1 \, 



~ 'r', 
1,,'" 
; ''''1 
~\ï 

~~"~ 't;'; 

t1 
;i:l 
~61 {l 
F:1 
;~ 
,q 

,~1 

'·~i 
:;"1 
-: 

~n 
~J . 

" 

~ 

1 

r 

,. , 

" 

, 0, 

~ 

"', 

~"""~_"_"'"_M,,, N 

\ 

o· 

.' 

\ 

1 
\ 

Appendix 5p: Confusions -in the Lipreadinq and CUes (LC) 
condition in the ['!] vowel context 

, " 

1 

j 
1 

,..~ {P] lit] (al (pl rbJ Iv} Irl tri 1.,) le) 1&1 III flll (th 14,1 rh UI I_J fal (cl I4t (il (al 0&1 «91 iiI fil 1111 

c~.) -
Ill} 

.. 

CU) 

(lIt -

Cl4, -

(11) .. 

1(1~- .-. (lB) 2 

- 47" (14'-
\.. UII1 

.. 
fi' 

-' .. 
.. 

(18) -

(Pl 
lb) 

fal 
Ipl 

IbJ 
(vI • 
(rt 

If) 

Iv) 

161 
(6) 

III 
(n) 

[ell 

(d~l 

III 

1 .., - lU7I-

. U] 

la) 

(z) 

[cl 

(dl 

[~l 

Id) 
lit! 
ftJ 
tkJ 
Cil 

'. 

lM ~, 

!lit 

': C 

.1 -\ 

. . -. - <:r 

',-

,. 

2 

" 18 11 18 18 le 18 18 10 18 18 18 

UI) -

llU) -

... 191 

.. 

9 

.' -
10 18 18 11 

·0 

(lI) 

18 

flo 

1 

1 

.. 
5 

112) -

U6' -

1 

18 18 

(141 -~ 

(le) 

3 

18 18 

(11) 

11 

~ 
.. 

, 
~ • .. 

- 1 

l' 
1 

l .. 

~ 1 

1 

(17) • 

(15) - 1 

- (16) -- U6, -

1 - fl.' - , -
(UI -

(7) 

la 11 la II 11 18 18 , 

o 

~ 

" 

~1~-:,~ 
\ . '~.~,: :. 

~',,1 
;,."~ 

./: . 

1 ... 
V1 

cr 

1-<"" f,J: 
v .. ' 
~. 

;:'::; ,:! 
\ " ~~;' 
=,.: _"J._' 

1 
L, 



1 , 
1 
~. , i 
i 

, ~ 

j 
tt 

.' ~" 
• '. ~I-

... 
.~ 

... 
.~ 

" i 

-~ 
-:! 

-~ 
... 
.! 

1 
1 

.. . 

iD 1= ii .. - . .. 

l, ... 

.. 
~ , = 

N 
~ = 
~ 

1· - 1 .. 

~~ 

t. 

" 

-159-

.. 
... 

, .. 

" 

.. ... 

.. '. ii . = 
1 • 

W . 
;;; -.... 
n 

l' • 

;; 
! =. ... .. ;; . 

.. 

... 

ft , 

-

iD . -ft 
• "0, 1 

-; ... 
~ ". 

.-

Tl .. \'~,,~~,~ ,J 

:::':;";,;~,ij :~.é~:~::;~~:,,~,;.: _______ _ 

... 

• ê 
:; ',' :: 

•• 1 

. .. 
.. 

... 

-.!.!. 

/ 

; .. , -
... 

1 .. 

.' 
1ft .. 

1 ... 

· -' J · 

! . ... 

.. . 
l,,.. ,.. j,., 

iii' • :: .. 
• 
.. 
• .. 
• ... 
• ... 
• · ... · ~ 
• .. 
• l' , · .. 

. ~. .... 

1 
,; 

• · ... 
.., · .. 
• · .. .., · ... .., · ... 
• · ... 
• · .. 
• · .. 
.., · .. 
• · .. 
• ..... 
.., 
.., 

1 • 

"" ',.!.' 7;::;,<;'-~..s~~;;y,.lij"""J';;j· ·~.!,-:"'t"'!·I,,0""J~1,:nI' ") 'f"r;;".~ç.~"'~~"l.h".w."".,À-~%.r%"b'iI·.TI'~'·~;-'~: 
,. ',_': '1 ~ "t'f 1. J~'"~~~~~.~~''''' t,,~ ~ ... $,., ,"-lUYN""I' ~,:-t;J<IJt~\""\:<· .. ' ~ ~? ~. '" _ .... , ..... ~ _.II,i'M"~"\oo~ 



~ 

, "\"' -~O 
',' 

~ .. ~ ..... 

,< 

i 

r 
j .. 

P 

~ 

\ 

II 

r, 

J 

A 

----~~~ .... ~ ...... ~, .~ ... ':. 

-.-.. 
[pl 

Dtl 
(a) 

~] 

~I 
(ot] 

(r! 
(fI 

[vt 

[el 

[61 
[11 
[n] 

[dl 
[cl~] 

fIl 
(H 
[_1 

[zl 

It) 

141 
It) 

fa. 
[1:) 

(gr 

lil 
ri! 

1 

/ 
1 

-. 
,'" 

}, 

AppenJx. Sr: COnfusi~s in the Li)re~dinq and eues 
condition in the lu} vowël context' -

(Le, 

(Pl Ibl r.] (pj "1 Ivl (r] (fi (vI (e, laI 111 (nI (\f, (d~' III Ijl 1_1 IIr) (~, Id' lil ldl Pt] lt) li, ri,.."" 

118) • 1 

(18) 

(17). 2 

(UI -

lUI -

- \-
l .. 

1 

lUI 2 4 ~ 

l 

1 

-" 
1 

(1:1.) .-

(17) 1 

(U) -

lU11-

Ill) -

~ 

1 , 

Ulll

(151 

161 

12 

." 

) 

1 

8 

1 

14' 1 

(101 

Cl61 -

- 'ilS' -
(11) -

- (llll 

1 

U 

1 

6 

2 

2 

(18) -

ti3) • 

12 
(101 

(il) -

'111) 1 

~h! • - -

(l1) -

UU 

~ 1 --=-_.:..--1 
11 18 18 18 19 18 IR J8 III 111 IR III lA lH lA III IR IR 18 18 18 18 l~ 18 18 18 18 18 18 

~ 

1 

1 

Q 

'--~ 

.' 

~ 

;, 

e 



4P" ; 

• <,~: ':\~ri ~:; ;i;:~t,\(~:i~f1~;~;Z F~,' t -lbi- ;;;;;,. 

f -, 

f 
, . 
~ (> • 

, " l' 

i • '" • . , , '." • • ... ... 
'i 

\ â • •• .. ... .. .. ... .. ... ;- • ':!! ,- f' e .. ... 
\ ... 

." ... fi • ~ • 1 ~I do ... 
,.. ... a • &! ... ... ... ... 

1 ... 
'i ft 

.. • ... , :: • .. 
- 1 '. ~. 

;: • ,~ , , ... , .. .. ... -i .. , ... • DI :: • ... .. 
s:: ~ ~ 

~ • .... ... ... 
'i .5 ... ... .. fJ • f: 8 .!! ... ., '" • .. .. 

/' -
~ :! , ; ,\\ • , '""- 1 1 

" ::! • • ... .. 
M """' - Ô te 

QI :: ' , .. 1 :: 1 .1 f ... .. n ... li • '= :: ... 
.... 

'j;.. .&J .-. 
E .. • 

! Id . ~ " 1 .. • ... .... 
.:: :0 \ • QI !! , ::. .. • , 

QI 'fi j 
;: ... 

fi 1 ... .. 
s:: t: ... 

.... ... :: • .. • • , , 
~' ~ - ... 

~ jt a ;0 ;: !! .. ... - ... 
f 

UJ ..... ;: ':.&J i c 
0 .... é , .. ... 

1- .... 1 • ~. l§ :E l, 1 ê ~ 1 '. /111 ... 
IH ê • 
â 

... , .. \' .. , - - , ...... ; c 0 U .!:! ::. " , .. , .. .. 
~ ~ • ..... 1. :: ,- • .. 

II) , ;::; 
If) VI .;9 • 

B 
.. :: " ... , ... 

~ â 
t ... • .... '!!J ... '. f , 1., , .. .. 

1 'tl i 
;;; • 

fa :: , • " 

~ 
;: \ 

ë ::. ~ ! 

a ;;; • é ." .. 
t 
l 

"- ,~ \~; 

f 1 ' ... -MI- ... - 1 ... 
i1~'i 

... 
~·s 

... .., 
! --- ... ...... ... ... ... -ili'fi .Pl s. .!. .::. ~ = oS ~ ~ -:::: ::l .! ..... :! '.!!''3 ~ .1: 1 ~ - "" • , 1 ... 

,1 t ."" .~ ~~ 

f 

! '" " ~J 
..; ~ II 

'!, ,,' ~ 
,. "L·'-;' 

J",:i , - '(i..bj{'~ 

(i -.~ {~~~ 
t \ "", " 

\. ,\~:./ 1~ 

, ,:)t~J 
l' , - r~(!~1 '--- ~~, 

Il I~~ 
, .~,> .~,,. 

i 1'tJ'IÎ~i 

\ '. "·;'b~ , ,1 yl '1 

'.~'~'1 "f~ f' 

• (:'}«"~ 

J..~ 
, -" A., 



. ,,) - "-~~ 

>.1 ~~~'"""\ -~,\,'(._,... '1'"" '<. F 
-,,-

~~ :~- ~ ~ ~ ~?' ... 't!. ~'f". \' ~ -- < .. 

~ . - ~ ........... 
~', .. '. 

o~ " c 
-; 

Appendix'5tt Conf~ions in the Audition, Liprea4in9 ~ 'T 

and eues (ALe) condition in::-the [il \IOWal context .r-
1 .{' ," 

" 1 -'-. '. l-
" i , 

\ 1 

'pl Ibl lit r,,1 'fi (Ill Ith' 14~1 tfl t~1 laI Igl Iii IiI ....... lit) ~J (Ill (v) (ri 111 Inl IH '.1 'al Et) 141 l1tl Ibl 

(p) U17t- r .. l 
lb) lU) ;. -il> • tal Cl8) 1 

(pl 
\ 

(17' - S 

"1 (lJ~ - .1 ... 
"-

(v} (1ar- ... .." 

(~J (16' .. 1 z 
Ifl C1&1 -" 

("1 l (13) .{ l 1 
(81 

, 
l U17)- 1 Z l S ..... .. ,-' CI' 

laI l .. (17' NI 
1 \ . (11 -,. .. • (181 -

In) l .i . 1(J .. ,,-
It/) J 1 USt 6 

fd}J '" CS) 1 
l 

III .. 1111 -
ut z (7) 

1.1 z ,.j (11) - 1 

(zl 1 ", 
ft) 2 (17) - 2 

141 (16' 

{il -; 1 (16) -

(d) .,j t (11) -

(kl ,.j 2 (161 -
191 12 1 (16) - 1 

~J "': ClI) 

-,il (Ill 
\ , 

f!!J Il5l " ft 1 1 .. 
• 18 18 18 1& 18 18 18 10 li 18 18 18 lB If! 18 III III 18 18 18 18 18 18 1'- 18 18 18 18 

'" .~~~". 



, ... -'---' 

;':! ... 1 

'"" , . 
.~, 

It,_ .. , 

.' 

-; ~:~ 
-' 

" \ .. '1 ~ 
.. '< 
~ , 

-.j 
',·1 
" 1 - -i 

-.. -J 

<t\t1:' 
~ 

:K. 
J: 
s.'\~-: 
." 

;.~;/I· 
,<f~i "' 
'. t, 
\<;0'-:-; 

, ",,~-·r~.r:;;.S~~ -;-'.-~~ .. 

n 

r! / 

-~-' . -,":"'-. ---'.~'""'---'.~--

.'potIN 

(pJ 

lb! 

la] 

Ipl 
(b) 

[v) 

(rI 

If) 

l'VI 

U'l 
1&1 
(II 

(nI 

ftf1 
td~] 

(Il 

(j 1 
ts] 

h:l 

It! 
(dl 

lil 
Id) 

Ikl 
(9) 

rkl 
Iql 

!!lI 
-tIR 

If 

"'-..no;r_~ ....... 

Appendix Su: Confusions in the Audition, Lipreading 
and eues (ALO) condition in the [u1 vawel context 

[pl lb) ta) !Pt lb} (v] (d rt1 lYl (tt (;)] l!1 ,,,t rdt tJ!~) ( r, [jJ r., 1&] (t} (d} ri) 

(lll) -

(16) 

(18) - 1 

1181 - 1-

(lOI -

Il.] 1 .. 
UO) - 1 

(12) -

(6. 

2 (18' 2 

fUI -

3 US) - r-

6 1 (161 -

(ro) • 
(5) 

3 lU) -

10 Ill' -
2 (6) -

8 1151 • 

! . ,- 1 (17) -

(1') -

1 (17) 

r' 

2 l2 

.! , 
" 1 1 1 2 l l . 1 ~ 1 

i 
18 18 lB 18 18 III 18 18 18 UI 18 18 18 18 18 18 111 IR 18 18 II 111 

rdt Pl} [.,1 !k1 

6 

.-

l 

... 

2 

6 1 

lU' 

l') 
112) 

CUI 

• 1 2 

18 Ils Ils Ils 

(il lb) 

l 

6 

, -

1 

• 

; 

(IDI -

II' 
l 2 

18 III 

r', 
li 

t 

j 
, 
1 

! 
" 

1 
~ 
0\ 

If 

1 
1 
1 


