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"when one channel is blocked, the speaker depends more on another chan- 

nel of information" (Earden, 1979; p. 184). Lane and Tranel (1971) in a 

study of the Lonibard Sign concluded that after the acquisition stage is 

over, "listening and speaking are not interlocked but are quite separate 

temporally and ... we are no more obliged to listen to our own speech 
than that of others" (Lane and Tranel, 1971; p.701). They believe that 

tactile and proprioceptive feedback provide sufficient information "to 

maintain fluent articulation after experimental or traumatic deafness" 

(Lane and Tranel, 1971; p. 694). Other researchers, however, feel that 

audition does play a role in the control of speech production. Lade- 

foged ( 1967), for example, hypothesized that intonation was monitored 

primarilyby audition, a view disputed by Mallard et a1 (1978) who found 

that auditory masking had little effect on FO control in conversational 

speech. Mallard et al's (1978) study did, however, reveal some changes 

in FO production with auditory masking. These were a rise in FO accom- 

panied by greater FYI variability. They also found that untrained sub- 

jects had difficulty performing a tone-matching task when masked, and 

concluded that "auditory monitoring ... appears to be the primary senso- 
ry channel for controlling fundamental frequency prior to vocal train- 

ing" (Mallard et all 1978; p. 211). This finding is supported by simi- 

lar studies performed by Elliott and Niemoeller (1970) and Ward and 

Burns (1978). All such studies have a major shortcoming in that they 

necessarily involve relatively short term deprivation, and thus bear 

little relationship to the situation confronting persons with an ac- 

quired hearing loss. Zinunermann and Rettaliata (1981) have hypothesized 

that speakers do not rely on continuous auditory feedback of their 

speech but rather use audition to recalibrate and retune the productim 

system when movements exceed the normal range of variability. As a 

result, the process of deterioration is gradual rather than immediate as 

"it takes many instances of exceeding the normal range of variability 

and making errors without knowledge of errors for the patterns to degerv- 

erate" (Zimmermann and Fkttaliata, 1981; p. 177). If this hypothesis as 

to the role of audition is correct, it is not surprising that studies 

involving short-term auditory masking have found few deviations from 

normal speech production. 

Another factor which needs to be considered in examining the ef- 

fects of an acquired hearing loss on speech production is the age of 

onset of deafness. The critical importance of audition during speech 

acquisition can be seen in the enormous difficulties which confront the 





deafened persons, training materials and perhaps more effective sensory 

aids to provide speech feedback may be developed. 

Method 

Subjects 

The experimental subjects of the present study were three native 

speakers of Swedish with acquired profound hearing losses. The sub- 

jects' pure-tone-auditory thresholds are presented in Fig. 1. Subject 1 

is an 18 year-old female deafened at age 8 by meningitis. The subject 

reported receiving no assistance from a hearing aid and relies upon 

lipreading for receptive communication. She was educated at both a 

school for the partially hearing and a secondary school for hearing 

children following the onset of deafness. At the time of this study 

Subject 1 was fitted with a vibmtactile aid (Spens and Plant, 1983) and 

was receiving training in its use as a lipreading aid. She was also 

attending classes in Swedish Sign Language as she hoped to use a signing 

interpreter to assist her in following lectures at a tertiary level. A 

detailed description of this subject's speech is found in Plant (1983). 

Subject 2 is an 18 year-old male deafened at age 9 by meningitis. This 

subject also reported receiving little assistance from a hearing aid, 

and uses sign as his primary means of receptive and expressive communi- 

cation. His schooling following the onset of deafness has been at 

schools for the deaf. Subject 3 is a 59 year-old male who has been 

profoundly deaf for 10 years as a result of ~eniere's disease. This 

subject relies upon lipreading plus the Mouth Hand System for his recep- 

tive communication needs. 

For purposes of comparison ten normally-hearing Swedish speakers 

(six male and four female) were used as a control group. 

Materials 

The aim of the present study was to gain a general overview of the 

experimental subjects' speech using both connected discourse and iso- 

lated words. In order to obtain a sample of connected discourse, re- 

cordings were made of the subjects reading a short story of 81 words. 

Recordings were also made of each of the subjects readings of the test 

sentence, "Uno belsnade gsrden i W e n "  (Uno mortgaged the farm in 

W e n )  in a neutral manner, and then four different versions in which 

the words "Uno", "bel&nade", "gsrden" and "Wen" were each stressed in 

turn. The question form "~el8nade Uno gsrden i Boden?" was also re- 





corded. Recordings were also made of the experimental subjects reading 

a list of 37 Swedish words designed to provide a representative sampling 

of Swedish consonants and vowels (0ster and Martony, 1983). 

Recordings 

mrdings of the experimental subjects reading the test materials 

were made using a TEAC A-3340 4-channel tape-recorder with inputs from 

an air microphone, plus accelerometers attached to the subject's throat 

and nose. The recordings were made with the subjects seated in an 

anechoic test room in order to ensure high quality sound reproductim. 

The ten normally-hearing speakers read the short story and the different 

versions of the test sentence. These latter recordings were made using 

a Revox 2-channel tape-recorder with inputs from an air microphone and 

an accelerometer attached to the speaker's throat. 

D a t a  analysis 

Both the experimental subjects and the control group's readings of 

the short story and the test sentence were analyzed using a computer 

program developed by Ternstrom (1983). This plots FO contours as a 

function of time, calculates mean FO and standard deviation and plots an 

FO histogram. Wide band spectrograms were made for each of the words in 

the test list using a Voice-Print Spectrograph. Spectrograms were also 

made of the subjects' reading of the test sentence - "En pojke kom en 
dag" (A boy came one day). 

The experimental subjects' reading of the short story were also 

judged by a panel of four experienced logopedists who are staff members 

in the phoniatrics department at Huddinge mspital, Stockholm. Prior to 

this perceptual rating one of the authors (BH) had determined that the 

areas warranting special attention were overall pitch, the pitch contour 

and stress patterns, voice quality, articulation and tempo. The logo- 

pedists taking part in the rating were asked to comment on each of these 

factors for each of the individual speakers. 

Results 

Fundamental frequency analysis 

The results obtained by the three experimental subjects and the 

normally-hearing subjects are presented in Table I. Although the mean 
FO for each of the experimental subjects appears to be within normal 

limits, the FO range of both Subjects 1 and 2 is restricted when com- 



S.D. as a 
S.D. % o f  mean Time 

Normal Hearinq 
Mean Fo (Hz) Fo (set) 

FEMALE stAJEcE 1 222 32.2 14.5% 25.9 

2 177 35.0 19.75% 28.4 

( s u b j e c t 1 , f e -  1 219 11.2 5.10% 40.65 

male; 2 & 3 2 133 8.89 6.70% 66.07 
male) 3 129 13.84 10.70% 39.80 

'CABLE I. Mean Fo and standard deviation and time f o r  reading 
of short s to ry  by normal-hearing controls  and the 
deafened subjects.  



pared with those obtained from the normal hearing controls. The FO 

range for Subject 3, although relatively small, appears to be within the 

normal range being slightly greater than that obtained by 2 of the male 

subjects in the control group. 

Analysis of the control groups production of the test sentence re- 

vealed that emphatic stress was marked by a substantial rise in the FO 

contour in the stressed word. An attempt at normalization of the data 

for the six male subjects in the control group is presented in Fig. 2. 

Each of the subject's productions of the test sentence with emphatic 

stress on "Uno", "belsnade", "g&rdenn and "Boden" was divided into ten 

equal parts and the FO measured at each of these points. The subjects' 

mean FO for their reading of the sbrt story was assigned the reference 

value 0 Hz and each measurement for the test sentences was then ex- 

pressed as plus or minus this value. The FO contours for each of the 

four emphatically stressed versions of the sentence presented in Fig. 2 

represent the mean FO values for the six subjects. It can be seen that 

emphatic stress results in an FO peak on the stressed word. The limita- 

tions of the normalization technique used are recognized, but it is felt 

that this means does provide a broad appreciation of the FO changes 

marking emphatic stress. A second measure involved calculating the peak 

FO for the emphasized word and expressing it as a percentage of the mean 

FO for the short story. For the male speakers in the control group 

emphatic stress on the words "Uno", "bel&nadel', "gsrden" and "Boden" led 

to peak FO values which were 41.58, 41.5%, 41.25% and 24.1% respectively 

above the reference frequency. 

The FO contours for the test sentences produced by the experimental 

subjects are given in Figs. 3, 4 and 5. The productions of Subjects 1 

and 2 are quite different from those obtained with the normal-hearing 

controls. For both of these speakers emphatic stress is not accompanied 

by systematic FO changes. Subject 1, however, uses a durational cue to 

signal the stressed word in the sentence. This subject pauses after the 

stressed word as a means of signalling emmasis whereas Subject 2 a p  

pears to have no means of signalling emphatic stress in sentences. 

Subject 3's productions of the test sentence indicate that he is able to 

partially control FO changes to signal emphatic stress. The peak FO of 

each emphasized word was measured for Subject 3 and then expressed as a 

percentage of his mean FO for the short story. The percentage changes 

for the four stressed words were 45.78, 33.38, 14.72% and 27.1% respec- 

tively. 





1 2 3 4 5 
T ~ m e  in seconds 

Fig. 4. FO contours for experi- 
mental Subject 2 producing 
the test sentence. See 
Fig. 3 for a description 
of the letter ccde. 

2 3 
Tim in seconds 

Fig. 5. FO contours for 
experimental sub- 
ject 3 producing 
the test sentence. 
See Fig. 3 for a 
description of the 
1et.ter code. 



m a t  ion 

The times taken to read the passage for the control group members 

and the experimental subjects are also presented in Table I. All three 

experimental subjects had reading times which were substantially greater 

than those of the control group. The longest time taken by any member 

of the control group was 30.6 seconds, whereas the shortest time for any 

of the experimental group was 39.8 seconds for Subject 3. It is felt 

this represents a very real tendency towards a slower rate of articula- 

tion on the part of the experimental group rather than other factors 

such as poor reading skills or unfamiliarity with the test passage. 

Prior to recording the subjects were asked to read the passage through 

several times to familiarize themselves with its contents. Practice 

readings of the passage were also used to set the recording levels prior 

to the test recording. Subject 2's total reading time of 66.07 seconds 

is extremely slow and reflects an abnormally large number of pauses in 

his production plus word elongation. Figs. 6, 7, 8 and 9 present the 

spectrograms of the first phrase of the short story (En po jke kom en 

dag) as spoken by a 17 year-old normally-hearing female and by experi- 

mental subjects I, 2 and 3. The times taken for these four speakers to 

produce this phrase were 1.1 seconds, 1.9 seconds, 3.1 seconds and 1.6 

seconds respectively. In each case the deafened subjects show a tenden- 

cy towards vowel elongation plus longer pauses between each of the 

wrds . 
Vowel formant frequencies 

The first and second formants for each of the vowels in the word 

lists were measured and the values for each of the experimental subjects 

are plotted in Figs. 10, 11 and 12. The ability of the subjects to 

produce appropriate vowel formant patterns varied considerably. Subject 

3 appears to produce a range of formant values which is appropriate for 

a male speaker of Stockholm Swedish (~Glhammar, 1983). Subjects 1 and 

2, however, show a number of deviations from normal production. Subject 

1's range of first formant values appears to be within normal limits but 

her range of second formant values is restricted relative to that of 

normally-hearing subjects (~Glhanunar, 1983). Subject 2 appears to have 

a restricted range of both first and second formant values. An inter- 
esting aspect of Subject 2's vowel production is the absence of diph- 

thongization despite his being a native speaker of southern Swedish. 



Time in Seconds 

Fig. 6. Spectrogram of the phrase "Eh po jke kan en dag" as produced 
by a 1 7. --old nonnally -hearing female speaker. 





TIME IN SECONDS 

Fig. 8. Spectrogram of "En pojke kan en dag" produced by Subject 2. 



Time in Seconds 
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0 .I .2 . 3 .4 . 5 .6 . 7 -8 .b i .I .2 .3  .4 . 5 .6 

~ n p j  k a k 3 m  ~ n d  a: 9 

Fig. 9. Spectrogram of "En pojke kom en dag" produced by Subject 3. 
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Fq FREQUENCY IN kHz 

F@. 10. F1/F2 plots for vowels produced by Subject 1 
(x) compared with man values for ten normal- 
ly-hearing female speakers of Stockholm SWedish - ( . ) ~ o r m t i v e  values are f r m  Stah- 
(1983). 

Fig. 11. ~ 1 / F 2  plots for vmels  produced by Subject 2. 
Filled circles denote each instance of a vowel 
produced mre  than once. Crosses indicate 
vowels produced only once. N o  substantial bo- 
dy of nonnative data exists for comparative 
purposes. 







indicate that the acquisition of a profound hearing loss has led to a 

decline in the speech of all three subjects studied. It appears, how- 

ever, that the degree of speech degradation is not the same for all 

three subjects despite their having had a profound hearing loss for 

approximately the same period of time. Both Subjects 1 and 2, who 

acquired their hearing loss prior to the onset of puberty, have many 

more speech errors than Subject 3, whose loss occurred in adulthood. 

This finding offers support for Eldmondson's (1977) contention that the 

effects of an acquired hearing loss will vary according to the age of 

onset. It should be noted, however, that Subject 3's speech does appear 

to have been affected to some extent. This is especially true of his 

intonation contour which was rated by the listening panel as being 

monotonous. There is an apparent inconsistency in this case between the 

perceptual rating and the acoustic analysis, but examination of this 

speaker's FO contour plotted for the short story revealed a trerd which 

may partially explain this situation. ?his speaker appears to produce a 

relatively flat intonation contour with few upward excursions and a 

rapid terminal fall for each intonation group. The FO histogram ob- 

tained by this speaker is positively skewed irrdicating that the bulk of 

his E'O change is in a downward direction. Speaker 3's ability to use FO 

change to signal emphatic stress also appears to be reduced, but not to 

the same extent found with the other two speakers. In the case of 

Subject 3 this is most marked in the question form of the test sentence. 

The normally-hearing control group produced the question sentence with a 

rising FO contour at the beginning of the sentence which is not found in 

Subject 3's production. ?his subjects articulation was rated as being 

within normal limits - a finding supported by the spectrographic analy- 
sis of his vowel formant frequencies as well as his vowel durations. 

The only other feature of Subject 3's speech which was felt to be 

deviant was his use of a pressed voice quality. This may stem from an 

increase in sub-glottal pressure and laryngeal tension in an attempt to 

maximize non-aulitory feedback as to phonation. 

The speech of Subjects 1 and 2 appears to have been far more 

adversely affected by the acquisition of a profound hearing loss. m e  

speech of both subjects is marked by a monotonous pitch contour with 

little differentiation between stressed and unstressed syllables. Nei- 

ther of these two subjects appears able to use FO change to signal 

emphatic stress or to signal the question form. Subject 1 compensates 

for the inability to control FO changes by the use of a durational cue 



but it appears that Subject 2 has developed no such compensatory mecha- 

nism. Analysis of the vowel articulation of both Subjects 1 and 2 

revealed a restricted range of vowel formant frequencies plus a 'blur- 

ring" of the long/short vowel distinction. Although no record of Sub- 

ject 2's speech prior to the onset of deafness exists, his lack of vowel 

diphthongization suggests that he may have modified his vowel articula- 

tion in an attempt to increase the feedback available. Consonant artic- 

ulation for these two speakers also seems to have been affected but to a 

lesser extent. Subject 2 has a tendency to simplify consonant clusters, 

a feature noted in the speech of the child studied by Binnie et a1 

(1982). The presence of excess nasality in the speech of Subject 2 and 

the overarticulated consonants of Subject 1 may, again, represent at- 

tempts on the part of the speakers to maximize the available feedback. 

Although the number of subjects in the present study is too small 

to allow any definitive cmclusions to be drawn, some overall trends are 

apparent. Firstly, the speech of the subjects deafened prior to puberty 

does appear to have been far more adversely affected than that of the 

speaker deafened during middle-age. But this latter speaker still evid- 

ences some deterioration in his overall speech control, especially in 

the use of intonational contrasts. The vowel formant frequencies ob- 

tained by Subject 3 appear to cast some doubt on Zimmermann ard Retta- 

liata's (1981) contention that positioning and co-ordination of the 

tongue dorsum is biologically dependent upon auditory information. Sub- 

ject 3's vowel quality appears to be relatively stable despite his 

having had a profound hearing loss for ten years. Further studies 

involving much larger numbers of subjects with varying ages of onset and 

time since onset need to be undertaken. There also exists a need for 

longitudinal studies which examine the effects of remedial programmes 

aimed at alleviating the speech production problems resulting from an 

acquired hearing loss. Another area which merits attention is the 

effect of a partial hearing loss on speech production. Again, the 

insights gained from such studies should increase understanding of the 

normal processes of speech control a d  lead to the development, where 

applicable, of more adequate remediation programmes and sensory aids. 
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