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ABSTRACT 

Auditory Discrimination of CodedSpeech by Deaf Children 

Four studies constitute this series of experiments 

in which profoundly deaf children were trained to discrimin-

ate linearly amplified speech and speech coded by three 

different processes. The purpose of the experiments was 

to deterroine whether subjects could acquire better speech 

discrimination skills with frequency transposed (Coded) 

speech than with conventional linear amplification. In none 

of the four studies were discrimination scores for coded 

speech significantly mifferent from scores for linearly 

amplified speech. In the final experiment, coded speech to 

the right ear and linearly amplified speech to the left did 

not lead to better results than either forro of amplification 

presented binaurally. 

Daniel Ling 

School of Human Communication Disorders 

Ph.D. dissertation submitted to the Faculty of Graduate 
Studies and Research, McGi.ll University. 
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Introduction 

Profoundly Deaf Subjects 

Subjects with profound hearing loss, who hear 

only sounds of low frequency at high levels of intensity, 

may comprise up to one third of pupils attending schools 

for the deaf (Huizing, 1959; Watson, 1961; Ling, 1964a). 

Because ability to discriminate speech and thus to 

communicate is drastically restricted bysuch severe 

d~afness, several alternative or supplementary cue 

systems employing other sensory and motor modalities 

have been developed to facilitate communication with 

deaf persons. Traditionally, these have included lip

reading, fingerspelling, signing, or some combination 

of these (DiCarlo, 1964). 

More recent experimental approaches include 
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cued speech (su~gested by Cornett, 1967), tactual 

vocoding (studied by Pickett, 1963 and Kringlebotn, 1968) 

and the visual display of certain characteristics of 

running speech (demonstrated by Upton, 1968). 

Remedial Amplification 

The use of hearing aids which provide !inear 

amplification over the main speech frequencies (300 -

3000 Hz) has become widespread over the past few decades. 

However, no form of linear amplification can fully 

compensate for profound hearing loss (Davis and Silverman} 

1960). This is because only a part of the acoustic 

pattern of voiced sounds lies within the frequency range 

audible to such subjects, (Potter, Kopp and Green, 1947: 

Fletcher, 1953). Nevertheless, Hudgins (1954), Clarke 

(1957), Ling (1959), Van Uden (1960) and Watson (1961), 

among others, have provided evidence that the use of 

residual audition through linear amplification can help 

deaf children acquire, monitor and maintain voice 
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patterns such as rhythm, intonation and stress in their 

speech. Ling (1964b, 1966) also found that extending 

the low frequency range of hearing aids for promoundly 

deaf subjects from 300 Hz to 100 Hz resulted not only 

in better audition of these voice features but also in 

significantly improved discrimination of vowels. 

Sensory Deprivation 

Whetnall (1964) considered the use of hearing 

to be essential for language learning but suggested 

that the use of residual hearing could be truly effective 

only during infancy. ·Tervoort (1964) agreed with Whetnall 

that infancy constituted a critical period for the 

development of communication by speech and believed that 

unless a child ha.d learned to speak before four years of 

age it would be too late for him to acquire natural 

language. This view was not, however, based on 

experimental evidence. 

Though much of ·the work carried out wi thin 
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the conceptual framework supplied by Hebb (1949) shows 

that visual deprivation in early life may cause permanent 

impairment in later functioning (Melzack,1962: HubeI and 

Wiesel,1963a; 1963b: Krech,1964) it is still a matter 

of conjecture whether auditory deprivation limited to 

the early years could produce such long term effects 

(Gauron and Becker, 1959: Sterritt and Robertson, 1964). 

Certainly, continuing auditory deprivation which prevents 

the perception of acoustic patterns has marked overall 

effects on human behaviour (Myklebust, 1964). The use 

of speech transposed down in f~equency so that high 

frequency patterns become audible to subjects with low 

frequency hearing residue may provide evidence regarding 

the amelioration of sensory deprivation. 

Discrimination Capacity and Residual Hearing 

The pe"rception of frequency transposed 

speech patterns by subjects with profound hearing loss 

must clearly depend on adequate auditory discrimination 

ability over their range of residual hearing. Such 
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discrimination was studied by Strizver (1959). He found 

that there were wide differences in abi1ity between 

subjects. However, those with good differentia1 

thresho1ds at 500 Hz tended to obtain'the best scores 

for speech discrimination. - Fi1tered speech was emp10yed 

by LaBenz (1956), who reported that discrimination scores 

for speech in .the bandwidth 250 - 750 Hz were poorer for 

subjects with sensorineura1 10ss than for subjects with 

normal hearing or other types of hearing 10ss. LaBenz 

a1so reportè'd marked variabi1ity in performance among 

1isteners. Mazéus (196B) has proposed a system by which 

differentia1 thresho1ds within the residua1 range for 

intensity, frequency and time can be measured. Its use to 

date does not, however, appear to have been docurnented. 

Pickett and Martin (1968) studied the frequency 

discrimination of fi1tered noise bursts by twe1ve subjects 

with severe sensori-neura1 hearing 10ss. Resu1ts from 

tests repeated unti1 measures became stable showed their 

discrimination to be nearly normal at 250 Hz, poorer at 
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500 Hz and considerably poorer than normal at 1000 Hz 

and above. Pickett and Martony (1968), in research on 

complex sound discrimination in the hearing impaired, 

measured frequency discrimination for a simplified 

speechlike sound similar to a vowel formant. Tests were 

made in the regions of 225, 300, 430, 630 and 870 Hz. 

Large learning effects were noted. The more profoundly 

deaf the supjects, the poorer their discrimination tended 

to be, particularly as frequency increased. 

Review of Relevant Literature 

Perwitzschy (1925) was apparently the first to 

suggest that speech might be 'transposed' in such a 

way that its higher components could be shifted down 

in frequency and thus made audible to severely hard of 

hearing subjects. His attempts to design an electrical 

device which would halve the frequency range of speech 

yet preserve its temporal and other characteristics met 

with failure. When Hartley(1928) formulated his law, 
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(I = 2TW log S), which demonstrates speech information (I) 

to be a product of time (T), bandwidth (W) and (as he 

imp1ies) intensity (log S); it became evident that shifting 

down the frequency range of speech, as Perwitzschky had 

sought to do, cou1d be accomp1ished on1y by trading 

bandwidth for time or by losing information. 

Recording Techniques 

Hart1ey's 1aw is i11ustrated by p1aying back 

recorded speech at ha1f speed, thus ha1ving the frequency 

range but doub1ing the time reqùired for transmission. 

This technique has been wide1y used in experiments with 

both hearing and deaf subjects (Kônig;and Eich1er, 1954: 

Ochiai, Saito and Sakai, 1955: Springer, 1955: Schubert, 

1960: Tiffany and Bennett, 1961: K1umpp and Webster, 1961: 

Oeken, 1963: Fou1ke and Sticht, 1966: and Bennett and 

Byers, 1967). Work using this process has suggested that 

discrimination is impaired more for male than for fema1e 

speech. 

Speech shifted in frequency by tape recording 
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techniques may also be res~ored in time by removing 

segments of the recorded speech signal. If large segments 

of speech are removed, whole phonemes can be eradicated. 

However, if extremely small segments are removed sorne 

components of everyphoneme may remain both audible and 

discriminable, though sorne information loss must occur. 

Segments of recorded speech may be removed automatically 

by using a playback device with a revolving head designed 

for the purpose. Vôlz (1961) constructed such a device. 

Oeken (1963), who used Vôlz's apparatus, found 

that while his deaf subjects could learn to discriminate 

slow-played, time-restored speech with training, better 

results were obtained with conventionally amplified speech 

under the same experimental conditions. Bennett and Byers. 

(1967), however, found that ~pyming words slowed to 80% 

of normal speed were discriminated better th an at normal 

speed by presbycusic subjects. Their finding that speech 

slowed by more than 20% yielded poorer results is in 

accordance with aIl other work using tape recording 

techniques . 
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In no study to date have the high frequency 

components of speech been emphasized before recording 

or playback. Male voices in particular would be shifted 

by slow-play in such a way that the fundamental and 

first formant characteristics could easily mask the 

higher information bearing components. If the latter 

were pre-emphasized, results with this forro of frequency 

transposition might be improved. 

The major disadvantage of transposition by 

tape recording techniques is the time lag required for 

recording and play back. This lag may create an impossible 

situation for subjects who have to supplement auditory 

cues by speech reading in face to face conversation. 

Real-time Frequency Shift 

Raymond and proud (1962) devised a process in 

which speech was shifted down by the use of two radio

frequency carrier waves separated by either 400 Hz (for 

male voice) or 750 Hz (for female voice). The upper 

carrier wave was modulated by the speech input and the 
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fi1tered side band was beat against the lower carrier

wave to reconvert the energy to the audio-frequency 

bandwidth. Effective1y, the procedure shifted a11 speech 

sounds down in frequency by the extent to which the radio

frequency waves were separated. Reduction of bandwidth 

was accompanied by a reduction of information, since 

components natura11y fa11ing below the frequency of the 

shift were e1iminated. The shifting of sounds by a 

constant factor a1so destroyed harmonic re1ationships. 

Subjects' discrimination scores for this form 

of transposed speech improved with training but remained 

significant1y be10w their scores for conventiona11y 

amp1ified speech. A1though certain subjects on post

training tests achieved better discrimination scores 

with conventiona1 amplification to one ear and shifted 

speech to the other, differences between this condition 

of amplification and others did not reach a sig~ificant 

1eve1. 

Raymond and Proud a1so reported that fema1e 

speech shifted by 750 Hz was more intelligible th an male 
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voice shifted by 400 Hz. This difference, which was 

not discussed by the authors, may have been at least 

partly due to the masking of high frequency components 

by the extremely 10w frequency sounds created by the 

shifting procedure. 

Coding Procedures 

The first speech coding device was deve10ped 

by Dudley (1939). It was known as the vocoder. A 

vocoder is a device which does not transmit speech itse1f 

but rather an analogous form of speech over a reduced 

bandwidth. In vocoders like Dudley's, a frequency 

ana1yzing network is used to define and transmit the 

fundamental pitch and a number of spectrum ana1yzing 

channels are used to samp1e the overa11 pattern of speech 

energy. Speech is synthesized in these vocoders by the 

use of osci11ators or noise generators which correspond 

with the analyzing channe1s. The energy in each output 

channel is governed by the current in the corresponding 

ana1yzing channel. 

JI 
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In spectrum channel vocoders, phase information 

is completely lost and transients are distorted in 

proportion to the amount bandwidth is reduced. Several 

other types of vocoder have been developed, each with 

its own advantages and disadvantages (Schroeder, 1966). 

Discrimination of Coded Speech by Deaf Subjects 

Guttman and van Bergeijk (1958) reported a 

study in which coded speech was used with deaf subjects. 

Only a brief description of the apparatus and results was 

provided. The apparatus was a vocoder which halved the 

frequency range of speech. Vowels and consonants were 

reported to be equally ~ntelligible. Consonant confusions 

were largely within major phonetic classes, though errors 

in discrimination were most frequent among fricatives. 

Pimonow (1963, 1965) reported the construction 

of eleven different vocoders. Of the final two models, 

one (parole synthétique) synthesizèd the fundamental 

voice components and utilized six spectrum channels to 



13 

present coded speech from the bandwidth 200 - 700 Hz in 

the range 30 - 300 Hz.· The other (parole compens~e) 

amplified speech normally from 50 - 700 Hz and employed 

two channels to convert energy from 700 - 2000 Hz and 

2000 Hz to 7000 Hz respectively to the same bandwidth 

as the bass-band channel, on which it was superimposed. 

Pimonow (1965) reported that deaf subjeèts trained with 

the former, and hard of hearing children trained with 

the latter, all learned to discriminate speech to some 

extent.·· However, these studies were apparently observ

ational rather than experimental. In contrast, Bouillon 

(1967), who used both types of vocoder with young deaf 

subjects, found that discrimination scores after training 

with each of Pimonow's two models did not differ 

significantly from those obtained after training with a 

conventional linear amplifier. 

Lafon (1967) reports the use of a vocoder 

similar to that constructed by pimonow for the hard of 

hearing (parole compens6e). In Lafon's instrument, 
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energy present in two bandwidths, one 1500 - 3500 Hz, 

the other 5000 - 7000 Hz, was coded and superimposed on 

a linearly amplified bass band which extended::to 1000 Hz. 

While Lafon gave no details on his tests or procedures, 

he claimed that such coded cues allowed deaf children 

to identify different consonants. 

Johansson (1961.) and Wedenberg (1961) 

collaborated on the development and use of a different 

type of coding amplifier. One channel of this instrument 

provides high quality linear amplification. The other 

channel is used to beat speech sounds over 3000 Hz 

against a 4800 Hz reference tone. The resultant 

difference frequencies are filtered out and superimposed 

on the conventionally amplified speech. A number of 

studies reported by Johansson (1966) indicated that 

discrimination of speech coded by this process improved 

with training. These results are further discussed in 

relation to two of the four studies reported below 

(Experiment. II and Experiment III) in which the 

Johansson-Wedenberg Transposer was employed. 
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Guttman and Nelson (1968) developed an instrument 

which generates low-frequency coded cues dependent on 

zero-crossing information àerived from high-frequency 

speech energy. Experimental studies using the device 

with deaf children have been planned but not yet begun. 

As with the JOhansson-Wedenberg Transposer, the coded 

informatmon generated by the device is superimposed on 

the natural low-frequency spectrum. 

Sakai, Doshita, Niimi and Tabata (1968) have 

developed techniques for coding speech by means of an 

analog computer. These techniques have not been used 

to explore discrimination of coded speech by deaf subjects, 

but suggest the flexibility with which such work may be 

planned in the future. The authors report the use of 

three types of input, derived respectively from spectrum 

analysis, zero crossing analysis and formant extraction. 

The programmes permit processed information to be 

printed out or acoustically coded by digital-to-analog 

conversion. 
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EXPERIMENT l 

DISCRIMINATION OF PARTIALLY VOCODED AND LINEARLY 

AMPLIFIED SPEECH BY SUBJECTS WITH LOW TONE 

RESIDUAL HEARING 
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problem 

In previous studies employing coding techniques 

reviewed above, either the entire speech range had been 

vocoded (Guttman and van Bergeijk, Pimonow), or high 

frequency cues had been coded and superimposed on a 

linearly amplified bass-band (Pimonow, Lafon, Johansson). 

In contrast, observations and experiments by the present 

writer (Ling 1964b, 1966) suggested the design of a 

system for the transmission of speech in its natural form 

from 70 - 700 Hz with speech components from 2 - 3 KHz 

vocoded and presented as analog signaIs in the adjacent 

band 750 - 1000 Hz. 

The rationale of this system was that (a) the 

bass-band would be adequate for the transmission of 

fundamental, first formant, pitch, intonation, intensity 

and syllabic structures and that (b) the coded components 

presented in the bandwidth adjacent to the bass-band would 

provide additional rather th an alternative cues for 

discrimination, since this procedure avoided superimposing 

coded signaIs on the natural speech pattern. 
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This experiment employed a five channel 

vocoder designed to meet the above criteria. Underlying 

the experiment was the hypothesis that this fo~ of 

coding would permit subjects with low frequency residual 

hearing to discriminate speech more effectively than 

linear amplification. 

Method 

Subjects 

Eight subjects were drawn from the Montreal 

Oral School for the Deaf. AlI had residuali"'hearing for 

low frequencies, were normally intelligent, had made 

effective use of individual hearing aids for more than 

a year and had well-established reading skills. Details 

on the age, sex and hearing levels of the subjects are 

given in Table 1.1 below: 
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Case 

1 
2 
3 
4 
5 
6 
7 
8 
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Table 1.1 

Age, Sexand Hearing Leve1s of the Subjects 

Hearing Leve1 in Better Ear 
Age Sex 125 250 500 1000 

14 M 55 60 75 95 
.9 F 75 95 110 * 
10 M 75 95 105 * 

8 F 75 90 95 110 
12 F 75 90 100 95 

8 M 60 65 90 110 
9 M 75 80 100 * 
9 M 65 75 90 100 

* No response at 110 dB 1eve1. 

(I.S.O.) 
2000 Hz 

110 

* 
* 
* 
* 
* 
* 
95 
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Apparatus 

Two instruments were used in both testing and 

training the subjects: the Ling-Druz Vocoder (LDV) and 

a speech training aid (STA) for linear amplification. 

The latter comprised the audio-amplifier of a Zenith 

Model ZA 100T audiometer. A Shure type 275 S microphone 

and Zenith type RI miniature receivers were used with 

both instruments, each of which provided an acoustic 

gain of up to 60 dB. Custom fitted ear moulds of soft 

plastic were provided for each subject. The frequency 

response characteristic of the LDV was adjusted for this 

study as shown in Figure 1.1. The STA provided a smooth 

frequency response from 60 - 6000 Hz. 

The test materials were words and nonsense 

syllables recorded by a female speaker at a speed of 7.5 

ips with a Crown Model 1000 full track recorder and 

played back with a Uher Model 4000. Pictures corresponding 

to the words and printed cards corresponding to the 

nonsense syllables were prepared in such a way that 
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subjects could respond by pointing rather than speech. 

Materials 

The experimental design required four present

ations of each of the five tests; two prior to training 

and two on completion of training. Four series of each 

of the five tests were constructed. 

Test l measures discrimination between back, 

mid and front vowels occurring in familiar words, e.g. 

[book, bus, bee], [baIl, 'bird, bed], [boot, barn, bib]. 

The three words in each item were illustratedi and on 

hearing the stimulus word subjects were required to 

select from the three pictures the one representing the 

word spoken. Each test series contained twelve such 

items, 

Test 2 measures discrimination between classes 

of consonants, e.g. between nasals, plosives or fricatives. 

The long vowels [ul, [al and [il were used to provide 

the acoustic environment for the consonants which aIl 

occurred in an initial position, e.g. [boo, woo, moo], 
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[chah, tah, sahI, [wee, bee, mee]. The three syllables 

in each item were printed and subjects were required to 

select from the three printed syllables the one 

representing the stimulus. The four series of this test 

each contained twelve such items. 

Test 3 measures discrimination within classes 

of consonants. The short vowels [0], [1\], and [I] 

were used to provide the acoustic environment for the 

consonants which were presented in the final position, 

e.g. [off, osh, oss], [uck, upp, utt] , [imm, inn r ing]. 

Subjects were required to respond as in Test 2. Again, 

twelve items were used in each series. 

Test 4 measures discrimination between in ton-

ation patterns. In each item, one of twelve vowels was 

presented, and subjects were asked to indicate by pointing 
./ 

to a pattern on a card whether it had a rising, falling, 

varied or fIat pattern. The excursion of voice for the 

rising, falling and varied patterns was half an octave 

and the duration of the vowel was three seconds. 



24 

Test 5, un1ike the preceding tests which 

used sub-word or suprasegmental components of speech, 

emp10yed phonetica11y ba1anced (pb) 1ists devised by 

Watson (1957, p. 292). In this test, subjects were 

asked to repeat the words into the rricrophone of a tape 

recorder, and asked to, guess if not sure of the word 

presented. 

In the first four tests, correct responses 

were recorded with a check mark on a scoring sheet. 

Incorrect responses were noted so that they cou1d be 

ana1ysed for systematic error by confusion matrices. 

In Test 5, responses were transcribed by the examiner 

using the International Phonetic Alphabet, simu1taneous1y 

with the recording of responses on tape. Both the 

examiner and his assistant were required to agree on the 

transcription of each response. Reference was made to 

the tape recording to ensure complete observer agreement. 

To increase the sensitivity of Test 5, responses were 

scored according to the number of correct phonemes each 

contained rather than the number of words correct. As a 

slight1y different number of phonemes occurred in each 
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word 1ist, scores were expressed as percentages. 

Procedure 

Testing before and after training was carried 

out in accordance with a counterba1anced plan designed 

to control for order effects as shown in Table 1.2. 

Subjects 1 - 4 were trained on the speech training aid, 

and Supjects 5 - 8 on the vocoding instrument. Possible 

bias in scoring by the examiner (Rosentha1,1966) was 

avoided since at no time during the experiment did he 

know which instrument any subject had been assigned to 

for training. 

Testing was carried out in a distraction-free 

room in the Montreal Oral Schoo1 for the Deaf. The 

examiner ensured that the receivers and earmo1ds were 

correct1y fitted and then adjusted the output from the 

instrument in use to peak at approximate1y 125 dB SPL, 

the most comfortable 1istening 1eve1 for the majority 

of subjects. 

Each test was preceded by two or three practice 
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Table 1.2 

Counterbalanced Design Used to Prevent Bias Due to Order Effects: 

Instruments Used and Test Series Administered 

Group Initial Testing Final Testing 

A LDV* l STA**2 STA 4 LDV 3 

B STA 3 LDV 4 LDV l STA 2 

C STA 4 LDV 3 LDV 2 STA 1 

D LDV 2 STA l STA 3 LDV 4 

l'V 
m 

* Ling-Druz Vocoder (LDV) 

** Speech Training Aid (STA) 
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items so that subjects understood the task and knew 

what type of response was required. AlI five tests, 

including the practice items, could be completed on both 

instruments in less than fort y minutes. The initial tests 

were administered the day before training began and the 

final tests the day after training was completed. Pre

and post-training test conditions were identical. 

Training sessions for subjects were scheduled 

for twenty minutes each day over a period of twenty-

two school days, with a total of seven hours and twenty 

minutes training for each subject. The training programme 

for subjects using the transposing instrument and for 

subjects using the speech training aid was identical. 

The daily sessions were scheduled in a systematically 

varied way so that no subject received training only in 

the morning when the therapist and subject were fresh, or 

only in the late afternoon when both might be fatigued. 

During each session approximately equalamounts of time 

were given to training in each of the five selected aspects 

of hearing for speech. The materials used for training were 
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similar to the materials used for testing. Outside the 

training sessions aIl subjects wore individual hearing 

aids with extended low-frequency response and used loop 

induction systems and group hearing aiàs. AlI provided 

frequency response characteristics similar to those of 

the speech training aid used in this study. 

Results 

The data, presented in Tables 1.3 to 1.6, 

comprised the two groups! initial (pre-training) and 

final (post-training) scores for each test on each of 

the two instruments. Initial and final mean scores 

(number of items correct) for each group under each 

condition of amplification were compared as reported 

below. Student's t 1 was computed for each paired 

measure. 

1. Initial LDV Scores Compared with Initial STA Scores. 

Differences between the mean scores for the 
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Table 1.3 Mean Correct Scores Achieved by Each Group 
on the Vocoder (LDV) and the Speech Training Aid 
(STA) in the Initial Tests. 

Mean Score Mean Score t value of 
Test on LDV on STA difference 

Group 1 5.50 7.0 1.26 
Trained 2 5.75 4.50 0.95 
on 3 4.75 4.0 0(~,60 

LDV 4 4.25 5.25 0.53 
5 15.1 21.9 1.15 

Group 1 4.50 7.0 2.59 
Trained 2 6.25 3.75 2.89 
on 3 3.25 5.0 1.70 
STA 4 4.0 4.75 1.00 

5 12.6 12.8 0.02 

Table 1.4 Mean Correct Scores Achieved by Each Group 
on the Vocoder (LDV) and the Speech Training Aid 
(STA) in the Final Tests. 

Test 

Group 1 
Trained 2 
on 3 
I"DV 4 

5 

Group 1 
Trained 2 
on 3 
STA 4 

5 

Mean Score 
on LDV 

6.25 
5.75 
4.25 
8.50 

22.9 

3.25 
4.50 
3.75 
4.50 

14.8 

Mean Score 
on STA 

6.50 
5.0 
4.50 
7.25 

31.4 

5.75 
5.50 
4.75 
7.0 

21. 7 

t value of 
difference 

0.15 
0.55 
0.26 
0.78 
1.31 

1.43 
1.41 
0.60 
1.89 
2.65 



30 

Table 1.5 Mean Correct Scores Achieved by Each Group 
on the Vocoder (LDV) Fina11y as Compared with Initial1y. 

Test Mean Final Mean Initial t value of 
Score Score difference 

Group 1 6.25 5.50 0.68 
Trained 2 5.75 5.75 0.00 
on 3 4.25 4.75 0.40 
the 4 8.50 4.25 2.20 
LDV 5 22.90 15.10 3.37* 

Group 1 3.25 4.50 1.67 
Trained 2 4.50 6.25 1.70 
on 3 3.75 3-~:25 0.42 
the 4 4.50 4.0 0.33 
STA 5 14.8 12.6 0.59 

Table 1.6 Mean Correct Scores Achieved by Each Group 
on the Speech Training Aid (STA) Fina11y as Compared 
with Initia11y. 

Group 
Trained 
on 
the 
LDV 

Group 
Trained 
on 
the 
STA 

Test 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

Mean Final 
Score 

6.50 
4.50 
4.50 
7.25 

31.4 

5.75 
5.50 
4.75 
7.0 

21.7 

Mean Initial 
Score 

7.0 
5.0 
4.0 
5.25 

21.9-

7.0 
3.75 
5.0 
4.75 

12.8 

t value of 
difference 

0.39 
1.75 
0.28 
2.0 
2.12 

1.00 
2.78 
1.00 
1.19 
4.42* 

* Significant beyond the .05 1eve1. 
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pre-training tests on the two instruments did not 

reach a significant 1eve1 for either group on any of the 

tests. 

2. Final LDV Scores Compared with Final STA Scores. 

Differences between the mean scores for the 

post-training tests on the two instruments did not 

reach a significant 1eve1 for either group on anyof the 

individua1 tests. However, when scores for a11 tests 

were poo1ed, mean final scores on the speech training 

aid achieved by the group trained on this instrument 

were significant1y better th an this group's mean final 

scores on the vocoder (p < .05). 

3. Final LDV Scores Compared with Initial LDV Scores. 

The group assigned to the vocoder for training 

achieved better resu1ts on1y on Test 5 fina11y as com

pared wi th ini tia11y (p <.05) Differences between this 

group's pre- and post-training test scores on the LDV, 

when poo1ed, however, were beyond the .01 1eve1 of 

significance. Differences between the initial and final 

scores on the vocoder achieved by the group assigned ta 
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the speech training aid did not reach a significant level. 

4. Final STA Scores Compared with Initial STA Scores. 

Differences between post- and pre-training 

tests did not reach a significant level for the group 

trained on the vocoder. For Test 5 and for the pooled 

scores for aIl tests, differences between mean scores 

for the group trained on the STA were significant beyong 

the .05 and .01 levels respectively. 

Discussion 

The results of Tests l, 2· and 3 indicated that 

subjects made no significant gains through training in 

the discrimination of either the coded or conventionally 

amplified speech stimuli used. 

Results of Test 1 s~ggest that first formant 

eues, inadequate by themselves for discrimination between 

vowels (Miller, 1956) , were not sufficiently complemented 

by the additional coded cues provided between 750 and 

1000 Hz. While audible to the subjects, such closely 
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spaced ana10g signa1s may not have been sufficient1y 

differentiab1e as they were p1aced towards the upper 

1imits of the subject~ range of audition. 

Resu1ts of Test 2 and 3 may indicate that neither 

the distinctive acoustic features of nasa1ity, plosion, 

turbulence nor the spectral differences in any group of 

these were adequate1y coded. On the other hand, subjects' 

difficu1ty in responding to the printed forros of nonsense 

sy11ab1es, a task which was as new to them as this forro 

of auditory discrimination training, may have detracted 

from scores in both training and testing. 

Resu1ts for Test 4 indicated that intonation 

patterns were as readi1y discriminated with the vocoder 

as with conventiona1 amplification. In th±s respect the 

vocoding contrasts favorab1y with aUdio-frequency 

conversion, a transposition technique deve10ped by Raymond 

and Proud (1962) which severe1y distorts pitch and 

intonation. 

Both groups made significant progress in the 
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discrimination of phonetically balanced words as 

evidenced by results for Test 5. Gains were demonstrated 

only with the instrument on which subjects were trained. 

These results suggest that subjects trained on the 

vocoder learned to discriminate coded speech. 

It might be argued that increased scores were 

due to improved use of the conventionally amplified bass-

band (70 - 700 Hz). The poorer results obtained by this 

group on final tests using conventional amplification 

(STA) refute this view. For the group trained with 

conventional amplification, the coded signaIs might 

have acted as noise detracting from the use of bass-band 

cues on the final test on the LDV. 

The hypothesis that subjects trained with coded 

speech woald achieve better scores than those trained 

with conventional amplification was not supported. The 

trend indicated by the pooled scores for aIl tests 

suggested the reverse. These results did not favour 

conventional amplification to a significant level as 
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did those of Oeken (1963, 1964). His hard of hearing 

subjects, trained with conventiona1 amplification, 

discriminated between-words much more efficient1y th an 

simi1ar subjects trained with speech 10wered in pitch 

and c1ipped in time by tape recording techniques. 

Discrimination of coded speech by subjects in 

this study did not appear to be so effective as that 

reported by Johansson (1961, 1966) and Wedenberg (196I) 

with se1ected subjects of comparable hearing 10ss. In 

the four series of studies surnmarized by Johansson (1966), 

certain subjects were reported able to discriminate more 

than twice as efficient1y with coded speech as with 

conventiona1 amplification. However, Johansson and 

Wedenberg did not use a control group who received 

training with conventiona1 amplification. They compared 

the subjects' coded speech scores fo110wing training with 

the same subjects' scores for conventiona11y amp1ified 

speech without training. The resu1ts of the present 

study indicate that such a comparison may undu1y favour 
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the results obtained with the condition of amplification 

employed in the training periode Meaningful comparison 

of results obtained by Johansson and Wedenberg and those 

of the present study is also confounded by differences 

in materials and procedures. 
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EXPERIMENT II 

COMPARISON OF TWO CODING PROCESSES 
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Problem 

The results of Experiment l clearly demonstrated 

that discrimination of speech was at least as effective 

through linear amplification as through partial coding. 

However, the results did not indicate to what extent 

subjects trained on the vocoder learned to use the 

coded elements of speech. The availability of the 

Johansson~Wedenberg Transposer also made it possible to 

study subjects' acquisition of discrimination skill on 

a second instrument. 

This experiment was designed to determine the 

extent to which coded speech cues could be discriminated 

on each of the two instruments, the Johansson-Wedenberg 

Transposer (JWT) and the Ling-Druz Vocoder (LDV). The 

hypothesis was that subjects could learn to use coded 

speech cues to augment discriminable information for 

both vowels and consonants provided by the bass-band of 

each instrument. 
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Method 

Subjects 

Eight different pupi1s attending the Montreal 

Oral Schoo1 for the Deaf were se1ected. This was the 

maximum number that the therapist cou1d effective1y 

teach on an individua1 basis each day. A11 subjects 

met the fo11owing requirements: (1) c1assica1 low-tone 

hearing residue not extending above 2000 Hz at 110 dB 

1.S.0., (2) at 1east average intelligence, (3) freedom 

from any apparent additiona1 handicap which cou1d 

adverse1y affect 1earning, (4) effective use of hearing 

for more than one year and (5) a good attendance record. 

Details of the age, sex and hearing 1eve1s of the subjects 

are given in Table 2.1. 

Apparatus 

The JOhansson-Wedenberg Transposer (JWT) and 

the Ling-Druz Vocoder (LDV) were used. Both channe1s 

of each instrument were checked for adequate function 

with standard Bruel and Kjaer equipment. The coded 
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Table 2.1 

Age, Sex and Hearing Leve1s of Subjects in EXEeriment 2. 

Hearing Level in Better Ear (I.S.O.) 
Case Age Sex 125 250 500 1000 2000 Hz 

1 6 M 60 65 80 95 * 
2 10 M 75 95 105 * * 
3 10 M 70 75 90 100 * 
4 12 F 60 80 90 95 110 
5 14 M 55 60 75 95 110 
6 10 M 60 70 95 * * 
7 8 M 60 60 80 105 * 
8 6 M 65 80 105 * * 

* No response at or be10w 110 dB I.S.O. 
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output of each instrument contained sufficient information 

for the discrimination of consonants by normal listeners. 

The LDV was adjusted exactly as for Experiment l, except 

that narrow-band noise was selected as the analog output 

in the present study rather than pure tones. In both 

training and testin~ the stimulus words were presented 

to both ears. The relative analog level of each instrument, 

which can be controlled by the operator, was adjusted to 

maximum for the training sessions. Testing both with 

and without analog signaIs was undertaken. Under the 

former condition, maximum analog was presented and under 

the latter:; none. The bandwidth of the JWT without analog 

had a smooth response up to 6000 Hz and was much wider 

than that of the LDV, which extended only to 700 Hz. 

Under aIl four conditions of amplification, gain was 

adjusted to the subjects' most comfortable listening 

levels. The preferred output was approximately 125 dB 

SPL in aIl cases. 

Tests were recorded by a female speaker, (the 

therapist who undertook the training), using a Uher 
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4000 Tape Recorder. Training was by live voice through 

a microphone provided with each instrument. 

Materials 

In Experiment l, the tests which required 

identification of nonsense syllables proved difficult 

for the subjects, even though the y had the reading skills 

required for the task. The testwhich yielded the 

best scores employed phonetically balanced lists of 

words farniliar to children. This test was scored in 

relation to the nurnber of syllables (not words) which 

the subjects repeated correctly in each liste 

In the present experiment the tests were 

constructed in such a way that (1) only words farniliar 

to the subjects were used, (2) these words could be 

illustrated by pictures and (3) no reading or speech 

skills were required. 

Three tests were designed and recorded. As the 

experimental design demanded four presentations of each 

test, feur equivalent series of each test were 
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constructed. 

Test 1 employed sixteen disyllabic words, 

familiar to the subjects, namely: airplane, baby, 
\ 

rabbit, cowboy, picture, wagon, lemon, sqùirrel, table, 

children, zebra, apple, mailman, hammer" giraffe and 

monkey. Each word was attractively illustrated by a 

coleured picture on a playing card. The cards were 

shuffled and arranged in random order on a table in 

front of the child. The subject was required to point 

to the picture representing the word spoken. Each series 

of the test contained a different random order of these 

sixteen words recorded with the primary stress on the 

first syllable of each. The pitch of the second syllable 

was consistently lower than that of the first. The 

test was essentially concerned with discrimination between 

sets of vowels. 

Test 2 employed sixteen monosyllabic words 

familiar to the subjects, namely: boot, nest, dog, 

wheel, baIl, deer, sun, house, girl, bear, man, boy, 
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arro, skate, fish and book. The procedure for the 

administration of this test was the same as for Test 1. 

This test involved discrimination between vowels. 

Test 3 employed sixteen sets of four mono

syllabic wo~ds farniliar to the subjects. The sets were 

structured so that discrimination between consonants was 

tested. The child was required to point to the picture 

in the set of four which represented the word spoken. 

Vowels differed between sets, but were he Id constant 

within each set. The sets were as follows: 

[wolf, foot, book, cook] 

[hair, chair, bear, pearl 

[leaf, sheep, three, tree] 

{rake, cake, train, rain] 

[moon, spoon, shoe, two] 

[shirt, skirt, bird, girl] 

[kite, five, pie, tie] 

[store, four, horse, corn] 

[owl, cow, mouse, house] 

[boat, goat, comb, coat] 

[ring, pig, dish, fish] 

[sIed, egg, red, bed] 

[star, barn, jar, car] 

[pan, man, flag, cat] 

[frog, box, dog, doll] 

[sun, nuts, one, duck] 
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Procedure 

The eight subjects were divided into two 

groups of four. Each group was assigned to one of the 

instruments, trained on that instrument for two weeks 

using maximum analog output and then tested with ana log 

signal (a) present and (b) absent. Each group was th en 

assigned to the other instrument and the procedure 

repeated. The training and testing were carried out in 

accordance with a counterbalanced plan designed to prevent 

bias due to major order and sequenc~ effects. This plan 

is presented in Table 2.2. 

In the administration of the tests, the writer 

and the therapist worked as a pair, one operating the 

equipment, ,the other recording the scores. At no time 

did the pers on scoring know whether or not coded signaIs 

were present. Thus bias for or against coding was avoided. 

Training and testing were carried out in a 

quiet, distraetion free room in the Montreal Oral School 

for the Deaf. The subject was seated comfortably at a 

small table, the earphones or receivers were fitted and 

the gain of the instrument was adjusted to the child's 
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Table 2.2 

Counterbalanced Design Used to Prevent Bias Due to Order Effects 

in Training and Testing, Instruments Used and 

Test Series Administered. 

Subject First Test Series Second Test Series 

1 JWT Al* B2** LDV B3 A4 

2 JWT A3 ·.··B4 LDV Bl A2 

3 JWT B2 A3 .LDV A4 Bl 

4 JWT B4 Al LDV A2 B3 

5 LDV Al B2 JWT B3 A4 

6 LDV A3 B4 JWT Bl B2 

7 LDV B2 A3 .TWT A4 Al 

8 LDV B4 Al JWT A2 B3 

* A with analog 
** B without analog 

ft ~ 

~ 
en 
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most comfortable listening level. Lipreading was not 

allowed during the actual training or testing, so that 

discrimination of words had to be made on the basis of 

auditory cues only. The child was instructed to guess 

if unsure of a word. 

Test items were recorded at five second 

intervals. For Tests land 2 this interval was not 

adequate. The recorder was therefore held on pause âfter) . 

each stimulus word until the subject had made his response. 

The five second interval between stimulus words was quite 

satisfactory for the administration of ~est 3, which 

required the selection of one picture from a set of four 

as opposed to one from a set of sixteen items. 

The training sessions on each instrument were 

scheduled for fort y minutes each day over a period of 

ten school days. The last session included the testing, 

which occupied about twenty minutes. Thus each child 

received six hours twenty minutes training on each 

instrument prior to testing. Training consisted of 

practice in discriminating the words used for testing. 
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An equal amount of time was allotted to work on the three 

sets of test materials. 

In training each subject for Tests 1 and 2, 

the therapist began py selecting two of the sixteen 

pictures. She showed the child the pictures, named them 

and then asked him to repeat the words so that he could 

monitor his own speech. The therapist th~n asked the 

child to point to the picture as she named it. This process 

was repeated for successive pairs. As training progressed, 

the child was asked to identify one from an increasing 

number of pictures. 

In training for Test 3, the therapist showed 

the child a set of four pictures. She named and asked 

the child to.repeat each of the four words, enabling him 

to monitor his own speech. She th en asked the child to 

point to wfuichever picture she named. This was done with 

all sixteen sets of four. 

To ensure familiarity with the final testing 

procedure,' each training session ended with a live veice 

test in which subjects had te discriminate between all 
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sixteen items in Test 2 and between four items in each 

of the sixteen sets for Test 3. Results of these live 

voice tests were recorded. 

Subjects used conventional group or individual 

hearing aids with extended low frequency response outside 

training sessions. Thus, apart from training sessions, 

their auditory e~perience of speech was in non-coded forms, 

comparable to the bass-band-only condition employed in 

testing. 

Results 

The basic data shown in Table 2.3 comprise 

the correct responses made by each subject on each test 

under each of the four conditions of amplification. 

Inspection of the data indicates that mean 

scores with and without analog were about the same for 

. the two instruments. Better scores were obtained for 

Test 3 than for the other two tests. This difference 
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Table 2.3 

Scores (Number of Items Correct) for Each Subject on Three Tests 

Under the Four Conditions of Amplification, Using the Ling-Druz 

Vocoder (LDV) and the Johansson-Wedenberg Transposer (~) •. 

Amplification LDV + LDV - JWT + JWT -

Conditions Anëi.1og Ana1o~ Ana10g Ana10g 
. 

Test 1 2 3 1 2 3 1 2 3 1 2 3 

Subject 1 1 3 2 2 1 3 0 2 4 2 2 7 

2 3 5 Il 6 2 6 5 4 4 1 2 5 

3 2 5 10 2 3 4 2 4 8 0 0 6 

4 3 7 Il 6 7 6 2 3 5 1 2 3 

5 15 8 Il 15 9 9 14 12 10 16 12 10 

6 5 3 3 1 3 5 3 1 7 2 0 4 

7 7 3 7 5 6 9 7 5 7 8 4 5 

8 0 2 3 0 4 5· 0 3 0 1 1 5 

Sum 36 36 58 37 35 47 33 34 45 31 23 45 

Mean 4.5 4.5 7.2 4.7 4.4 5.9 4.1 4.3 5.6 3.9 2.9 5.6 

ft 

Sum 

29 
54 
46 
56 

141 
37 
73 
24 

460 

"----

V1 
o 
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is to be expected since the task in Test 3 was to select 

one from four possible responses,compared with one from 

·sixteen possible responses on the other two sets. Subjects 

5 and 7, who hadthe best hearing at 250 Hz,obtained the 

best total scores and Subjects 1 and 8, the youngest 

children, the poorest. Only Subject 3 scored consistently 

better with coding than without it. 

The data was treated by a .three-way analysis 

of variance. The summary of this analysis is presented 

as Table 2.4. 

There was no significant difference among the 

four conditions of amplification. In other words, the 

subjects' performance was not differentially affected by 

the presence of either type of coded speech or the use 

of either instrument. Differences between the three tests 

approached but did not reach a significant level. The 

interaction between the three tests and the four 

conditions of amplification, and the interaction between 

modes of amplification and subjects were not significant 
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Table 2.4 

Summary of Ana1ysis of Variance 

ss df M.S F F.95 

Amplification (A) 21.084 3 7.02 1.49 3.07 
Tests (T) 82.646 2 41.323 3.61 3.74 
Subjects (S) 809.500 7 115.643 

A x T 10.103 6 1.683 
A x S 100.583 21 4~790 

T x S 160.688 14 11.477 3~86 1.94 lJ1 
l\) 

A x T x S 125.230 42 2.982 
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but the interaction between tests and subjects was 

significant beyond the .05 level. This indicates that 

certain subjects performed better on particular tests 

th an on others. 

The daily live-voice testing of all subjects, 

with analog signaIs present, yielded gradually increasing 

scores over the training period for aIl except the youngest 

child (Subject 1). The difference between the pooled 

scores on the three tests over the first three days of 

training and the similarly pooled scores over the last 

three days, was significant beyond the .05 level. 

Discussion 

In this study subjects with classical low-tone 

hearing residue did not appear to be able to discriminate 

coded speech any better than conventionally amplified 

speech. While scores under aIl four conditions of 

amplification tended to be poor, results indicate that 

coded speech is unlikely to have contributed to the gains 

made by subjects either in Experiment l or in the present 
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study. 

These findings appear to conf1ict with those 

of Johansson (1966), who reported that simi1ar sUbjects 

made marked gains ~hen trained on the JWT with ana10g 

cues. Johansson's studies were in Swedish and under 

different experimenta1 conditions.· The duration of the 

studies, the selection of subjects, the structure of 

the tests, the type and efficiency of training and the 

test procedures emp10yed are additiona1 variables. The 

resu1ts are, therefore, not comparable. 

In the present study, a11 subjects were able . 

to detect the ana log signa1s. Further training might 

have enab1ed them to interpret the coded e1ements. 
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EXPERlMENT III 

CODED SPEECH OVER AN EXTENDED TRAINING PERIOD 

r ,,' 

)'1 
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prob1em 

In the two experiments reported above, scores 

for coded speech were not significant1y better than scores 

obtained by conventiona1 amplification. The possibi1ity 

that insufficient time had been a110wed for the subjects 

to 1earn to interpret ana log signa1s cou1d exp1ain the 

large1y negative resu1ts. This study was designed as a 

partial rep1ication of the second experirnent, with four 

chi1dren receiving further training on the Johansson

Wedenberg Transposer over an extended periode 

Method 

Subjects 

Four subjects, whose c1ass schedules made them 

avai1ab1e for an extended period, were se1ected~ A11 had 

participated in the second experiment. Table 3.1 shows 

ages, sex and hearing 1eve1s in the better ear. 
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Table 3.1 

Age, Sex and Hearing Leve1s of Subjects 

Hearing Leve1 In Better Ear Hz. 
Case Age Sex 125 250 500 1000 2000 

1 6 M 65 80 105 * * 
2 6 M 60 65 80 95 * 
3 8 M 60 60 80 105 * 
4 12 F 60 80 90 95 110 

* No response at or be10w 110 dB I.S.O. 
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Apparatus 

The Johansson-Wedenberg Transposer was used 

for both testing and training the subjects. A qher 4000 

was employed in recording the test series. 

Materials 

Four further series of the three tests used 

in Experiment 2 were constructed. These were again 

recorded by the therapist. 

Procedure 

Testing before and after training was carried 

out in accordance with a counterbalanced plan designed 

to prevent bias due to order and sequence effects. This 

counterbalanced plan is presented as Table 3.2. Testing 

was carried out under the same conditions as in Experiment 

2. Pre- and post-Testing conditions were identical. 

Additional live voice tests were carried out following 

each fifth training session of twenty minutes. 

Training for the subjects, in which only 

transposition was employed, was scheduled over a period 
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Table 3.2 

Counterbalanced Design Used to Prevent Bias Due to 
Order Effects in Initial and Final Tests, 

Amplification Conditions and Test Series Ernployed 

Subject Initial Tests Final Tests 

l AI* B2** B3 A4 
2 A3 B4 BI A2 
3 BI A2 A3 B4 
4 B3 A4 Al B2 

* A - with analog 
** B - without analog 

e 
"-, 

U1 
~ 
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of thirty-six schoo1 days. In this period eac~ chi1d 

received a further 12 hours instruction. Thus, t~gether 

with their experience in Experiment 2, each subject 

recèived a total of 18 hours, 20 minutes intensive 

individua1 training in auditory discrimination with this 
"; . 

form of speech coding. In the training programme materials 

simi1ar to, but not identica1 with, those emp10yed in the 

test situation were used. Outside the training sessions 

aIl subjects wore individua1 hearing aids with extended 

low-frequency response characteristics and used loop 

induction systems and group hearing aids. 

Resu1ts 

The basic data shown in Table 3.3 comprise 

the correct responses made by each subject on each of 

the three sixtèen-item tests. 

Inspection of the data indicates that mean 

scores for vowe1s (Tests 1 and 2) tended to be slight1y 

better (a) fina11y than initia11y and (b) when transposition 
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as compared with conventional amplification was used. 

Subject l scored no better than chance at any time. 

The data were treated by analysis of variance. 

Differences observed in the data did not approach a 

significant level either for initial compared with final 

scores, or fer scores obtained with and without transposition~ 

Results obtained by live-voice testing using 

transposition confirmed the data presented in Table 3.3. 

These tests, carried out on seven occasions, i.e. weekly, 

. showed (a) marked fluctuation in scores for aIl subjects 

and (b) no consistent improvement for any subject. 

Discussion 

Subjects' auditory discrimination, as measured 

in this study, improved marginally, if at aIl, through 

the use of coded eues. Differences between scores obtained 

with and without coding were minimal and could have been 

due to chance variation. While subjects made significant 

gains over the period of training provided in Experiments 

land 2, the acquisition of discrimination skill in the 
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Order 
Condition 
Test 

Subject 1 
2 
3. 
4 

Sum 

Mean 

e 

Table 3.3 
Scores (Number of Items Correct) Obtained for Each Subject, 

Initially and Finally, With and Without Analog Present, 
On Each of the Three Tests 

e 

l NIT l A L FIN A L 
With Ana10g Without Ana10g With Ana10g Without Ana10g 
1 2 3 1 2 3 1 2 l 1 2 j 

2 2 4 1 3 5 2 1 5 1 1 5 
2 5 4 3 1 5 7 6 6 5 3 3 
4 8 9 6 6 8 7 6 6 4 3 5 
7 3' 8 3 3 4 8 8 9 10 10 6 

15 18 25 13 13 22 24 21 26 20 17 19 

3.7 4.5 6.2 3.2 3.2 5.5 6.0 5.3 6.5 5.0 4.3 4.7 

Sum 

32 
50 
72 
79 

233 

0\ 
r-.J 
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course of this study was neg1igib1e. 

Individua1 differences were markëd. Scores 

appeared to be more re1ated to the subjects' hearing than 

to the mode of amplification emp1oyed. Subjects with 

1east hearing did worst, those with more· hearing scored 

better. No subject scored consistent1y better with . 

coded speech than with conventiona1 amplification even 

though the training wascarried out entire1y with coded 

speéch. 

This experiment, in providing coded speech 

during training, was, of course, biased in its favor. 

The resu1ts might, therefore, have been expected to 

ref1ect this bias. It fo11owsthat an equiva1ent amount 

of training using conventiona1 amplification might have 

resu1ted in scores favoring that condition, as evidenced 

by the resu1ts of Experiment 1. 

Systematic manipulation of the many variables 

invo1ved, inc1uding those mentioned in the discussion of 

Experiment 2, might exp1ain ambiguities and discrepancies 

in the resu1ts and 1ead to new and perha;s fruitfu1 

insights into the possibi1ities and limitations of speech 

coding for profound1y deaf subjects. 
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The therapist, when asked to contrast the 

two coding instruments, reported that she found them 

equivalent. It was surprising, in view of the results 

obtained, to find that she favoured the use of coded 

speech in therapy. She reported, as did Johansson . (1966) 

and Wedenberg (1961), that subjects appeared better able 

to reproduce speech sounds when coding rather than direct 

amplification was used. She considered that, while these 

for.ms of coding did not by themselves provide adequately 

differentiated acoustic patterns for effective auditory 

discrimination, they contributed to discrimination when 

supplemented by visual and tactile eues. She was able to 

demonstrate this convincingly, particularly with younger 

children and those with less severe hearing impair.ment. 

Similar observations in comparing coding and linear amp

lification systems were made by Bouillon (1967). 

Sorne ~ubjects trained with coding to discriminate 

between the sound [s] and wr] were reported by Johansson 

to have reached 100% efficiency. However, these sounds 

could, in a given context, be discriminated by certain 

distinctive features which would not be adequate for 
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discrimination in another contexte An extreme example 

would be provided by similar subjects trained with con

ventional amplification to discriminate between [sa] and 

[jfa] on the basis that the initial consonant of the 

first would beinaudible and of the other, audible. 

Such a distinction would not permit discrimination in 

another contexte Another distinctive feature of the 

same type could be loud versus quiet where both [s] and 

[~] were audible but not differentiable on the basis 

of spectral eues. 

Ahlstrom, Risberg and Lindhe (1968) presented 

speech coded by the JWT to normal listeners:through low 

pass filters and noise to simulate hearing loss and 

found systematic errors in discrimination. Subjects failed 

to make further gains in learning after one or two hours 

training and then constantly confused consonants within 

the same class, e.g. unvoiced stops [p, t, k], unvoiced 

fricatives [f, s,~ ]. Analysis of confusion in the 

present study showed no consistent trends. 

Conclusions 

The results of Experiments l - III indicate 
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that the two forms of coding contributed little or 

nothing to the discrimination of speech by these subjects 

with clQssical low-tone residual hearing. Results also 

suggested that adequate comparison of coded speech and 

direct amplification can only be made if subjectsreceive 

sufficient training on each system to achieve a crude 

limit of learning (Ferguson, 1956). This limit may be 

described as the point reached by subjects where little 

or no increase in discrimination scores occurs with 

further training. The purpose of such a procedure is not 

to demonstrate a greater increase of proficiency under 

one condition than under another after a fixed amount of 

training, but to determine whether a higher level of 

discrimination skill can ultimately result from the use 

of a particular amplification system. 

Neither this nor previous experiments indicate 

the length of training necessary for subjects with low

frequency residual hearing to reach crude limits of learning 

on the tasks involved. programmed instruction of thé type 

developed by Doehring (1968) is appropriate to these tasks 

and could be used to provide the necessary repeated measures 

to determine these limits. 
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EXPERIMENT IV 

DI'SCRIMINATION OF CODED SPEECH BY DEAF SUBJECTS 

TRAINED TO CRUDE LIMITS OF LEARNING WITH 

PROGRAMMED INSTRUCTION 
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Problem 

Neither form of coded speech used in Experiments 

l - III proved to be superior to conventional, linear 

amplification. Two features which could have contributed 

to the subjects' difficulty in discriminating coded cues 

were (a) limited range of frequencies transposed by the 

instruments, (2000-3000 Hz for the LDVi 3300-4800 Hz for 

the JWT), and (b) the omission of mid-frequency speech 

components. The LDV produced nothing of speech from 

750-2000 Hz, and the JWT, for subjects who had only 

residual audition, provided no cues from about 1000 Hz, 

their upper limit of hearing, to 3300 Hz, the lower limit 

of the transposed range. 

The experimental designs of Experiments l - III 

were effective, but did not provide data on subjects' 

rates of learning. The present experiment employed 

programmed instruction so that this type of data could 

more easily be collected and so that more control over 

training variables could be exercised. 

The instrument, specifically designed for this 

study, was another vocoder. To avoid the omission of the 
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mid-frequency eues, it was constructed to analyse sounds 

from 1000 - 4000 Hz in ten logarithmically spread bandwidths. 

The ten analog channels were spaeed at intervals of 100 

Hz from 100 - 1000 Hz. The instrument also provided one 

linear channel and switchipg to permit (1) conventional 

amplification ta both ears, (2) coded speech to both ears 

or (3) conventional amplification to one ear and coded 

speech to the other. 

This experiment was designed to compare 

differences between the discrimination scores obtained 

by groups of subjects assigned to the three conditions 

of amplificatœon. It was also designed to explore the 

use of programmed instruction with stimulus words in 

which consonants, but not vowels differed within sets. 

The purpose was to assess the relative efficiency of the 

amplification conditions by comparing differences between 

(a) subjects' discrimination sc::>res at crude limitsof 

learning and (b) the rate at which these limite were 

reached. 
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Method 

Subjects 

Twenty-four children of French speaking 

parentage, aged between seven and eleven years, were 

selected from pupils attending the Montreal Institut des 

Sourds. AlI were profoundly deaf from birth or early 

infancy. The selection of subjects was based on age, 

hearing level for puretones as measured immediately 

prior to training*, use of audition and teachers' ratings. 

Data on these subjects are presented in Tables 4.1 - 4.4. 

Children excluded were those who showed no 

ability to use their residual hearing in the pre-training 

test of speech discrimination and those who were rated 

by their teachers as below average in school achievement. 

Apparatus 

A Uher Universal 5000 tape recorder was used 

to record and present the words which were spoken by a 

female of French speaking origin. For pre- and post-

training tests with conventional amplification, the tape 

* Audiograms repeated immediately after training were 
not significantly different for any subject. 
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Table 4.1 

Age, Teachers' Rating and Hearing Leve1s of Subjects in Group l, 
Trained with Direct Amplification to Both Ears 

Teachers' Hearing Leve1s (I.S.O.) 
Subject Age Rating 250 500 1000 2000 4000 

.1 8 A L 75 90 100 100 110 
R 55 75 90 95 100 

2 9 B L 00 90 95 95 110 
R 75 80 90 100 110 

3 10 C L 65 85 95 85 95 
R 80 85 90 95 95 

4 9 B L 85 90 105 105 110 ....: 
R 90 95 95 85 110 ...... 

5 10 B L 70 75 80 95 105 
R 65 70 75 85 105 

6 9 A L 70 65 65 80 770 
R 85 80 80 70 80 
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Table 4.2 

Age, Teachers' Rating and Hearing Leve1s of Subjects in Group 2, 
Trained with Direct Amplification to the Left Ear and 

Coded Speech to the Right. 

Teachers' Hearing Leve1s (l.S.O.) 
Subject Age Rating 250 500 1000 2000 4000 

1 7 B L 90 100 110 110 * 
R 85 90 100 i.,. * 

2 10 B L 90 95 110 * * 
R 90 100 110 * * -...J 

3 8 B L 55 80 90 105 * 
N 

R 75 95 85 100 * 
4 10 A L 60 80 90 105 105 

R 30 60 60 80 105 
5 8 C L 85 95 100 105 * 

R 80 95 105 110 * 
6 10 B L 70 85 100 105 * 

R 65 80 95 100 * 

* No response at 110 dB 
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Table 4.3 

Age, Teachers' Rating and Hearing Leve1s of Subjects in Group 3, 
Trained with Coded Speech to Both Ears. 

Teachers' Hearing Leve1s (l.S.O.) 
Subject Age Rating 250 500 1000 2000 4000 

1 10 B L 90 95 95 85 110 
R 90 105 * i\' * 

2 10 A L 60 70 85 80 80 
R 40 65 85 80 :80 

3 9 B L 70 75 90 105 * 
R 65 85 100 110 * 

4 7 B L 65 85 100 110 * -...J 

R 55 75 80 95 95 w 

5 10 B L 90 100 110 110 110 
R 90 100 100 90 80 

6 9 C L 85 95 105 110 * 
R 80 100 100 110 * 

* No response at 110 dB 
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Table 4.4 

Age, Teachers' Ratings and Hearing Leve1s of Subjects in Group 4, 
Trained without Audition. 

Teachers' Hearing Leve1s (I.S.O.) 
Subject Age. Ra_ting 250 500 1000 2000 4000 

1 Il B L 70 80 80 75 70 
:'R 55 70 80 100 105 

2 10 A L 90 110 105 * ::<-

R 90 105 105 * * 
3 9 B L 90 90 100 90 ·80 

R 90 95 95 85 85 
4 10 A L 90 105 110 * * 

R 85 90 95 100 ~.105 

5 8 A L 80 95 105 * * 
R 90 100 110 * .* 

6 7 B L 90 100 95 80 90 
R 75 85 100 100 90 

* No response at 110 dB 

et 

-....J 
,j:>. 
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recorder was used withSharpe HA~8 earphones. For aIl 

other conditions of testing and training a vocoder 

(coding amplifier) with one linear and ten anal~g channels 

was employed. A VU meter permitted the control of out

put levels under aIl conditions . 

. Adjustrne·nt Cif·the amplification syst·eni. The 

output levels of the ana log channels of the vocoder could 

be adjusted in relation to each other and the total coded 

output could be adjusted in relation to the linear channel. 

For this experiment the signal input to theanalog channels 

was emphasized with a 6 dB/octave slope. The total 

coded output was balanced with the output of the direct 

channel by means of the VU meter. The vocoder was used 

with TDH-39 earphones. 

programmed instruction system. In thè training 

programme, pictures were presented by a Kodak Carousel 

Projector Model 550 which included a Davis Sc.ientific 

Instrument Model DP-152 Projector Programmer. The pictures 

were rear projected onto a viewing are a containing three 

windows each measuring 2.5 by 4 inches. 
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A microswitch was placed behind each window 

so that pressure on any part of the window would close 

the contacts. Each slide was made from threepictures in 

such a way that each was projected on one of the windows. 

The correct wind0w for a given trial, the one containing 

the pictur~ corresponding to the word, was coded by a 

hole punched in the slide mount. Light from the projector 

lamp through this hole activated a photo-electric ce Il 

in the projector Programmer. 

The sequence of events produced by correct or 

incorrect window pressing was controlled by DigiBits 

solid-state programming modules. If the correct window 

was pressed following the presentation of a word, the 

tape and the projector automatically advanced to the next 

trial. If an incorrect window was pressed a shutter 

occluded the image projected on the windows for the 

duration of that trial after which the tape rewound and 

the trial was repeated. The trial was similarly repeated 

if no response was made. 

Rewinds, slide changes and the beginning of 

new trials were initiated by inaudible pulses recorded 
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and p1ayed back 'through a Uh~r Diapi10t. These pulses 

were spaced at eight-second interva1s'. Words fo110wed 

the pulses initiating each trial after three seconds. A 

period of at 1east four seconds fo110wing each word was 

avai1ab1e for the subjects' response. 

Materia1s 

Pictures representing the tape-recorded words, 

obtained from flash cards, magazines and catalogues, were 

used for both testing and training. 

Pre- and post-training tests. For the pre-

and post-training tests, seven groups of six pictures 

corresponding to common words having the same sy11abic 

count were glued to separate pages to form a book1et so 

that the chi1d cou1d respond witho~t speech by pointing. 

A 1ist of these words is presented as Appendix 1. Four 

series of this test were prepared. The initial six words 

of each series, which were reserved for practice, and the 

remaining thirty-six test items were tape-recorded in 

random1y ordered b10cks of six to correspond with the 

pictures on each page . 
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Training series. For training, 108 pictures 

were selected. These were arranged and photographed in 

sets of three. Each set contained words with the same 

vowels and syllabic structure so that consonant' features 

were the only means by which the words in each set could 

be discriminated, e.g. la mouche, la boùche, la douche; 

les avions, les camions, les papillons. Each set contained 

nouns of the same gender so that no vowel cues were pro

vided by the article which preceded each word. 

Each set of three was photographed in aIl six 

possible orders. Six different sets constituted one 

series, which comprised thirty-six slides. Six series 

were constructed as shown in Appendix 2. The order in 

which the sets appeared in a series, in which a stimulus 

word was ch0sen from a set and the position of the 

picture corresponding to the stimulus word were randomly 

arranged to make it difficult for subjects to memorize 

the sequence of visual presentations. 

Procedure 

The work was carried out in a quiet, distraction 

free room in the school. 
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Pre- and post-training speech discrimination tests. 

Each subject was tested on one of the four series, first 

with linear amplification and then with transposition. 

Because delivery of the vocoder was delayed, the orders 

of amplification conditions could not be counterba1anced. 

Subjects were randomly assigned to series. 

Each stibject was seated at a table, the head

phones fitted and the output level adjusted to approximate1y 

125 dB SPL. Subjects were instructed by gesture if 

necessarY,to point to the picture correspondi~g to the 

tape recorded word heard and to guess if not sure. Six 

practice items were provided • 

The assignment ofsubjects in groups to 

experimental conditions. 'On comp1et:lon of the pre-testing, 

the subjects were arranged in four groups of six. Groups 

were matched as· weIl as possible for age, hearing level 

for pure tones, teachers' ratings and scores on the pre

test with 1inear amplification. As the cause of hearing 

loss was unknown in nineteen cases, this variable could 

not be considered in ma tching groups". 

Each group was assigned to a differ~nt condition 

of training as follows: 
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Group 1. Linear amplification to both ears. 

Group 2. Linear amplification to theleft ear and coded 

speech to the right ear. 

Group 3. Codedspeec~ to both ears. 

Group 4. No auditory cues (control). 

The task for subjects in Group 4 was to 1earn 

to memorize and identify the correct picture from position 

and sequence cues. 

Since groups cou1d not be equa11y matched on 

a11 variables, the sources of bias that were evident were 

taken into account in assigning the groups to the training 

conditions. Specifica11y, the gr6up in which a11 subjects 

had hearing to 4 KHz were trained with 1inear amplification 

and the group with the best teachers' ratings acted as 

contro1s. 

Training procedures. In training/the subjects 

were seated in front of the viewing response device. For 

the first three groups, the headphones were fitted and 

the output adjusted to de1iver approximate1y 125 dB SPL. 

On1y on the first few trials of the first series was it 

necessary for the experimenter to intervene by giving 
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guidance or reassurance to any subject~ All quickly 

learned that pressing the correct window made a new 

picture appear and pressing the incorrect window resul.ted 

in a temporary darkening of the viewing-response device. 

The time taken to complete the thirty-six trials 

deperided on the accuracy and latency of the subjects' 

responses. If the correct picture was the last of three 

to be pressed in every trial, an unlikely event and one 

which did not occur, a series could take about fourteen 

minutes. If the first choice in each series was correct, 

the series would take three minutes. Thus, with fifteen 

minutes daily training assigned for each subject, there 

was usually time for one series on initial sessions and 

two in later sessions. Subjects were given a candy for 

each series completed during a session. 

Learning criteria. Each of the ·six subjects 

within a group was assigned to a different series of words 

and pictures at the beginning of training. Thus the 

first subject in each group was trained on Series l, the 

second subject in each group on Series 2, and so on • 
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Each series was repeated until the subject 

had reached a crude limit of learning (Ferguson, 1956). 

This limit may be regarded as the point beyond which little 

or n0 increase in 4iscrimination score occurs with further 

training. For the purpose of this experiment, this limit 

was defined as any one of the following: 

a. Twenty sessions without achieving a score of 20/36. 

b. Fifteen sessions achieving over 20 but less than 25/36. 

c. Ten sessions achieving over 25 but less than 30/36. 

d. Five sessions achievingover 30 but less th an 34/36. 

e. Two sessions achieving scores of 34 or. more • 

When a crude limit of learning had been reached, 

subjects began the next series. Thus the first subjects 

in each group would move from Series 1 through to Series 6, 

the second from Series 2 through Series 6 to Series 1 and 

so oh. By counterbalancing the order in.which subjects 

were assigned to series, possible differences in the level 

of difficulty of each list could be controlled. 

Results 

The data comprised (1) results on the pre- and 
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post-training tests, (2) scores at each subject's crude 

1imit of 1earning for each training series, (3) the 

number of repetitions of series by each subject to 

asymptote, and (4) matricés of confusions made by each 

group at asymptote. 

Pre- and post-training tests. Scores for these 

tests are presented in Table 4.5. Scores for a11 four 

groups were simi1ar. Few subjects scored better fina11y 

than initia11y. Scores achieved with 1inear amplification 

on both tests were superior to those for coded speech. 

Ana1ysis of variance, summarised in Table 4.6, 

showed that there was no significant difference between 

groups or between final and initial scores averaged over 

groups and amplification conditions. Scores for 1inear 

amplification, averaged across groups and pre- and post

training t~sts, were better than those for coded speech 

(F = 10.52 with 20 and 1 df). This difference was signif

icant beyond the .01 1eve1. 

Scores at each subject's crudelimit of learning. 

Subjects in Group 4, trained without audition, were unab1e 

to complete aIl series. Two of the six scored no better 
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Table 4.5 Pre- and Post-Training Scores for AlI Subjects 
on a 36-Item Test (a) with Linear Amplification to Both 
Ears and (b) with Coded Speech to Both Ears. 

Pre-Training Scores Post-Training Scores 
Group* Subject . .:(ii) Linear (b).Coded (a) Linear (b)Coded 

1 1 23 Il 16 6 
2 5 4 9 7 
3 13 7 8 8 
4 8 8 10 5 
5 17 6 7 5 
6 Il 7 10 4 

Sum 77 43 60 35 

2 1 16 5 9 7 
2 9 7 5 1 
3 13 7 9 9 
4 30 10 33 4 
5 9 5 2 3 
6 3 6 8 7 

Sum 80 40 66 31 

3 1 16 5 12 8 
2 23 12 27 9 
3 15 7 7 9 
4 9 6 10 8 
5 8 4 4 6 
6 3 4 5 7 

Sum 74 38 65 47 

4 1 31 8 31 13 
2 7 7 3 17 
3 Il 14 15 7 
4 13 8 14 6 
5 8 8 5 3 
6 8 9 8 8 

Sum 78 54 76 54 

* Group 1 trained with 1inear amplification to both ears. 
Group 2 trained with 1inear amplification to one ear and 

coded speech to the other. 
Group 3 trained with coded speech to both ears. 
Group 4 trained without audition. 
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Table 4.6 

Summary of Ana1ysis of Variance for Data Presented in Table 4.5 

ss df MS F 

Between Subjects 1,754.13 23 
Between Groups (G) 60.54 3 20.18 
Subjects within Groups 1,693.58 20 84.68 

Within Subjects 2,123.50 72 
Amplification Conditions (A) 570.38 1 570.38 10.52** 
G x A 18.71 3 6.24 
A x Subjects within Groups 1,084~41 20 54.22 ex> 

Ut 

Tests, Pre- & Post-training (T) 26.04 1 26.04 3.35NS 
G x T 22.21 3 7.40 
T x Subjects within Groups 

(, 
155.25 20 7.76 

A x T 12.04 1 12.04 
G x A x T 18.08 3 6.03 
A x T x S's within Groups 228.42 20 11.42 

** Significant beyond the .01 1eve1 
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than chance after the first series had been repeated 

thirty times. They were tao upset by the difficulty of 

the task ta continue. The remaining four subjects achieved 

crude limits of learning, each scoring 20 with a mean of 

28 repetitions in their first series and 20 with a me an 

of 26 repetitions on their second series. Since the 

scores were significantly poorer than those of theother 

three groups on their second series, the training 'of this 

cont~ol group was terminated. 

Scores at crude limitsof learning for Groups 

1 - 3 were analysed ta determine whether the six series 

differed in difficulty. The series were found ta be 

equivalent (F = 0.33 with 75 and 5 df). 

Scores for each series in the arder learned are 

presented in Table 4.7. Scores were similar for each 

group and appeared ta stabilize at a relatively high 

level from Series 2 onwards.A summary of the analysis of 

variance for these data is presented in Table 4.8. Differences 

between scores on successived series were significant, 
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Table 4.7 Scores at Asymptote for Each of the Six 

36-Item Series. 

Series 
Group* Subject 1st 2nd 3rd 4th 5th 6th 

1 1 30 30 30 30 30 30 
2 15 30 30 30 30 30 
3 30 30 30 34 34 34 
4 15 30 30 30 30 30 
5 25 30 30 30 30 34 
6 15 30 30 30 30 30 ----Sum 130 180 180 184 184 188 

2 1 15 25 30 34 30 30 
2 20 30 25 25 30 30 
3 30 30 30 30 30 34 
4 34 34 30 30 34 34 
5 15 30 30 30 34 30 
6 30 34 30 30 34 30 ----Süm 144 183 175 179 192 188 

3 1 25 30 30 30 34 30 
2 34 34 30 34 30 34 
3 25 30 30 34 30 30 
4 15 30 30 30 30 34 
5 20 25 30 30 30 30 
6 25 30 30 30 30 30 ----Sum 144 179 180 188 184 188 

* Group 1 trained with 1inear amplification to both ears. 
Group 2 trained with 1inear amplification to one ear 

and coded speech to the other. 
Group 3 trained with coded speech to both ears. 
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Table 4.8 

Summary of Ana1ysis of Variance for Data Presented in Table 4.7 

ss df MS F 

Between Subjects 381. 61 17 
Between Groups 4.78 2 2.39 
Subjects within Groups 376.83 15 25.12 

Within Subjects 1,642.99 90 
Series 844.07 5 188.82 18.54** 
Groups x Series 35.09 10 3.51 00 

00 
Series x Subjects within groups 763.82 75 10.18 

** Significant beyond the .01 1eve1. 
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beyond the .01 1eve1 (F = 18.54 with 75 and 5 df). The 

greatest difference in scores was between the first and 

the second series 1earned. 

Series repetitions to a~ymptote:· Groups 1 - 3. 

The number of repetitions required by each subject to 

reach a crude 1imit of 1earning on each series was 

examined to see if series differed in difficu1ty. No 

significant difference between series was found (F = 0.65 

with 75 and 5 df). 

The number of repetitions to a crude 1imit of 

1earning on each series for each subject is presented in 

Table 4.9. The data are simi1ar for each group. The 

number of repetitions required to reach asymptote appears 

to drop sharp1y from the first to the seêond series, 

moreso.for Group 1 th an for Groups 2 and 3. There is an 

apparent trend for repetitions to decrease over successive 

series. 

Ana1ysis of variance for these data, summarized 

in Table 4.10, confirms that there was no significant 

difference between groups, but that the trend for repetitions 

to decrease for successive asymptotes was significant 
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Table 4.9 Number of Repetitions Required by Each Subject 
to Reach a Crude Limit of Learning on Each Series. 

Group* 

1 

2 

3 

* 

Subject lst 2nd 3rd 4th 5th 6th 

1 21 15 Il 12 9 8 
2 33 16 19 14 15 16 
3 18 12 14 8 7 7 
4 26 15 12 9 15 16 
5 23 13 15 9 9 6 
6 21 16 13 12 Il 7 

Sum 142 87 84 64 66 60 

1 21 35 24 32 29 8 
2 34 30 29 20 15 17 
3 30 14 Il 10 9 10 
4 6 4 8 9 6 7 
5 30 19 17 14 Il 12 
6 19 13 9 15 Il Il 

Sum 140 115 98 100 81 65 

1 22 16 8 13 6 12 
2 19 Il 9 9 8 7 
3 25 23 24 19 13 14 
4 28 28 17 Il 15 14 
5 21 27 9 16 10 21 
6 33 15 13 13 15 12 

Sum 148 120 80 81 67 80 

Group 1 trained with 1inear amplification to both 
ears. Group 2 trained with 1inear amplification 
to one ear and coded speech to the other. Group 
3 trained with coded speech to both ears. 
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Table 4.10 

Summary of Ana1ysis of Variance for Data Presented in Table 4.9. 

ss df MS F 

Between Subjects 2,221.85 17 
Between Groups 139.57 2 69.79 
Subjects within Groups 2,082.28 15 138.82 

Within Subjects 3,587.00 90 
Repetitions 1,988.52 5 397.70 20.87** U) 

1-' 
Groups x Repetitions 169.09 10 16.90 
Repetitions x Subjects 

wi thin Groups . 1,429.39 75 19.06 

** Significant beyond the .01 1eve1 



beyond the .01 level (F = 20.87 with 75 and 5 df). Both 

the linear and the quadratic components of this trend 

reached a .01 level (F = 10.23 with 75 and 1 df for the 

linear regression and F = 12.95 with 75 and 1 df for the 

quadratic). 

Confusions made at crude limits of learning. 

Matrices of confusions made by each group.are presented 

in Appendix 2. The data comprise subjects' incorrect 

responses over the final three training sessions for each 

series. Repeated errors were not included. 

Errors tended to occur with similar frequency 

for particular sets. In Series 1, for example, aIl groups 

made most errors on Set 1, [la mouche, la bouche, la douche] 

and Set 5, [le verre, le fer,. le père], but none for Set 4 

[le sapin, le lapin, le patin]. In Series 2 most errors 

are made by aIl groups on Set 4, [la brosse, la cloche, 

la poche], and fewest on Set 3, .{le sel, le lait, le bec]. 

The trend was maintained in aIl series with only five 

exceptions among the 36 sets. The five sets in which 

the total errors differed between groups to a.significant 
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level (Chi 2 '> 5. 99) were as follows: 

1. Series 2, Set 6 in which the words le dragon, le 

ballon, le wagon were confused least often by Group 3. 

2. Series 4, Set 2 in which la bo~te, la noix, la poire 

were confused less often by Group 2 than by other groups. 

3. Series 5, Set 5 in which the words la jambe, la dent, 

la lampe were confused less often by Group 1 than by 

Groups 2 and 3. 

4. Series 6, Set 2 in which the words la grange, la manche, 

la tente were confused more often by Group 1 than by 

Groups 2 and 3. 

5. Series 6, Set 3 in which the words le bouton, le bouchon, 

le mouton were confused most often by Group 2 and least 

often by Group 3. 

There were also five sets in which types of con

fusions for particular words differed between groups to a 

significant level (Chi2 > 5.99). These were: 

1. Series l, Set 1 in which la mouche and la bouche were 

confused with la douche most often by Group 1 and least 

often by Group 2. 

2. Series l, Set 3 in which les rideaux was confused with 

les ciseaux most frequently by Group 3. 

3. Series 2, Set 6 in which le wagon was confused with 
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le ballon most often by Group 2. 

4. Series 4, Set 2 in which.1a bof te was confused with 

la poire most often by Group 1 and 1east often by Group 2. 

5. Series 6, Set 3 in which le mouton was confused with 

le bouton most frequent1y by Group 2 and 1east frequent1y 

by Group 3. 

Resu1ts in relation to age, teachers' ratings, 

hearing 1eve1s for pure tones and the pre-training speech 

test of hearing. Scores at crude 1imits of 1earning and 

repetitions to asymptote were ana1ysed in rè1ation to each 

of the above variables. Resu1ts were as fo11ows: 

1. There was no significant difference between the nine 

youngest and the nine oldest subjects ranked by date of 

birth. 

2. There was no significant difference between subjects 

rated as A, B or C in relation to scores at asymptote. 

But in relation to the number of repetitions required to 

1earn each series, differences were significant (F = 4.04 

with 15 and 2 df). Subjects rated as A required fewer 

repetitions than the others. 

3. Results for subjects with hearing up to 2000 Hz and 

for subjects with hearing beyond 2000 Hz were compared. 

Their attainments were not significant1y different. 

4. Subjects with equiva1ent pure tone hearing 1eve1s and 

teachers' ratings (Subjects 1, 2, and 4 from Group 1; 
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Subjects 3, 4, and 6 from Group 2; and Subjects 2, 4, and 

5 from Group 3) were compared. Scores at asymptote were 

similar for subjects in the three groups but subjects 

from Group 2 required fewer repetitions of series to 

reach crude limits of learning. This difference between 

groups was not significant (F = 1.16 with 6 and 2 df). 

5.Subjects above and below the median for the pre

training test were compared. Scores at asymptote were 

similar for the two groups but fewer repetitions of series 

were required by the group whose pre-training test results 

were·superior. Analysis of variance showed that this 

difference was not significant (F = 1.2 with 15 and 2 df). 

Discussion 

Results did not favour any of the three conditions 

of amplification but indicated that deaf children may be 

trained to discriminate coded speech as effectivelyas 

linearly amplified speech. Differences between groups in 

the confusions made at crude limits of learning suggest that 

each condition of amplification offers minor advantages for 

the discrimination of certain sets of words, but that 

these are offset by equal 



96 

disadvantages in the discrimination of other sets. 

Pre- and post-training tests. Differences 

between scores on the pre~training test fayouring linear 

amplif~cation were to be expected since coded speech was 

initially unfamiliar to aIl subjects. That this difference 

remained after training may be similarly explained for 

Groups 1 and 4. The final scores of'Groups 2 and 3, 

which also were poorer for coded speech th an for linear 

amplification, probab~y reflect the fact that the stimulus 

words,which did not occur in the training series,were 

less familiar in their coded forro and that there was no 

generalization from the words in which specifie training 

was given. 

Results of training. Subjects in Group 4, 

trained without audition, were unable to identify the 

correct picture as effectively as subjects in other groups. 

This indicates that scores at crude limits of learning 

and the number of series repetitions to asymptote for 

Groups 1 - 3 reflected auditory discrimination ability 

rather than artefacts of the training procedures. 
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The similar scores at asymptote for the third 

and subsequent series suggest, that the series should 

have been made slightly more difficult. More difficult 

series might have resulted in greater differences between 

scores. It is, however, impossible to use sets of more 

than three minimally different French words. They do not 

exist in the language. Difficulty could be increased 

in this training paradigm by using more sets and having 

each picture in a set named three times instead of twice 

in a series. 

The number of repetitions required by subjects 

in Groups 1 - 3 to reach asymptote was considerably more 

varied than their scores at asymptote. Nevertheless, 

the three groups learned successive series at an equivalent 

rate. This similarity between groups was not expected. 

Subjects in Group 1 had had previous experience of linear 

amplification whereas subjects in Groups 2 and 3 met 

with coded patterns for the first time in this training. 

A greater difference than that obtained between groups 

for the first, second and third series might therefore have 

been predicted. 
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The significant reduction in the number of 

repetitions to crude limits of learning and the higher 

scores at asymptote for successive series indicated that 

the programmed instruction was a very efficient method 

of teaching under each of the experimental conditions. 

Results were better than expected f~~ Group l, 

who were :t.rained with linear amplification. Discrimination 

between consonants had proved difficult for subjects 

under any amplification condition in Experiments l - III. 

This group had slightly better hearing than subjects in 

the earlier experiments and their task in this experiment 

(discrimination between sets of three words rather th an 

four) was somewhat simpler. Nevertheless, their scores 

at crude limits of learning were surprisingly high and 

the repetitions they required to reach asymptote relatively 

few. Rosen (1962, Pp. 514-515), who studied phoneme 

identification with subjects having sensorineural hearing 

loss stated: 

"Sorne consonant cues which are considered 
important ; .. to nornial li steners ei ther are 
unavailable or are distorted for subjects 
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with sensorineural hearing impairment. 
Nevertheless, although the absence or 
distortion of~ cues impaired phoneme 
recognition, subjects identified most 
consonants better than might have been 
expected. Apparently, subjects with 
sensorineural hearing loss can use the 
remaining cues effectively or can find 
cue values in dimensions which ordin
arily are not' considered to be important 
to consonant discrimination in normal 
hearers." 

Apparently Group 1 subjects in this study .. also made use 

of minimal auditory cues: in the same way. 

Scores at asymptote and repetitions required 

to reach crude limits of learning for Groups 2 and 3 

were equivalent to those for Group 1. These results 

are similar to those of Experiments I.- III but are 

sup~rior to results reported by Oeken (1964) whose 

subjects' scores for transposed speech were poorer than 

those for linear amplification. 

Subjects in Group 2, who received both 

conventiona1 and coded cues, did not achieve better 

results than subjects in either Group 1 or Group 3. 

This finding contrasts with that of Raymond and Proud 

(1962), who reported that certain subjects' scores for 

linearly amplified speech to one ear and transposed 
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speech to the other were superior to their scores for 

either condition separately. However, their subjects 

had more hearing, and speech was frequency shifted less 

than the coded speech in the present stlldy. That separate 

speech cues arriving at each ear were apparently integrated 

by subjects in both studies supports the work of Matzker, 

(1962) who regards "binaural fusion" as indicative that 

hearing loss is peripheral rather than central. 

Errors and confusions. Differences betweeti 

groups in relation.to the quantity of errors and the type 

of confusion made within sets proved not to be s~gnificantly 

related to either (a) the possible preferences for 

response window position, (b) the vowels used within sets 

or (c) the subjects' relative familiarity with the words. 

Differences in er'rors and confusions between groups 

therefore appear to reflect relationships between 

amplification conditions and discrimination. But these 

differences are few, and explanation of them wou1d be 

high1y speculative. 

Forexample, it may be conjectured that Group l, 
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in discriminating la jambe, la dent ~nd la lampe better 

than other groups, were re1ying on differences in the 

manner of production of the initial consonants. A11 three 

of these consonants were voiced and had strong low 

frequency components which wou1d render them audible, but 

the first was a fricative, the second, a p10sive and the 

third, a 1atera1. However, this Group confused la grange 

and la manche more frequent1y than other groups and these 

words, too, have initial consonants with strong low 

frequency components produced in a quite different manner. 

The final consonant in either set had comparable voiced

unvoiced contrasts. 

Simi1ar1y, Group 2 confused la mouche and la 

bouche 1ess frequent1y and le mouton with le bouton more 

frequent1y than other groups. Apparent1y the initial 

consonants [m] and [b] were more discriminab1e fo11owing 

the feminine article la than when fo11owing the masculine 

article le; but in other sets such a vowe1 re1ated effect 

does not seem to occur. 

Group 3 made fewer errors than other groups 

on two sets le dragon, le wagon, le ballon and le bouton, 
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le bouchon, le mouton; but then confused les rideaux 

and les ciseaux more frequently. As the sonograms 

presented as Figure 4.1 show, les rideaux and les ci.seaux 

in their coded forms werequite dissimilar. While aIl 

but one· of the profoundly deaf subjects in this group 

confused these words, adults with normal hearing were 

able to discriminate between them in their coded form 

without difficulty. Confusions in this case were evidently 

related to the impaired discrimination capacity of 

subjects rather than to possible limitations of the 

coding process. 

In summary, it appears that each condition of 

amplification tended to yield equivalent results; and 

confusions indicated that relative discrimination gains 

for certain sets were offset by comparable discrimination 

loss for other sets. Results do not suggest that ~peech 

coding could substantially improve the discrimination of 

words by deaf subjects. Nor do the results indicate that 

a combination of coding and convèntional amplification 
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Figure 4.1 Sonagrams of the words les rideaux (above) 
and les ciseaux (be1ow) as reproduced by 1inear 
amplification (left) and by coding (right). 
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Figure 4.1 Sonagrarns of the words les rideaux (above) 
and les ciseaux (below) as reproduced by linear 
amplification (left) and by coding (right). 
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could lead to better results than either alone. 

Results of aIl four experiments' serve to 

indicate the need for ~asic studies on the nature of the 

cues profoundly deaf subjects can use in making auditory 

discriminations, both monaurally and binaurally. The 

ability of such subjects to perce ive differences in 

duration, intensity and frequency of speech of speech-like 

sounds has received little attention (Pickett and Martin, 

1968). Interaction effects of these factors has received 

none. These and other variables, such as rate and 

temporal order (Hirsh, 1959) and their relationship to 

the subjects' own motor speech production require intensive 

study. The extent to which discrimination of running 

speech can be predicted from the discrimination of isolated 

syllables or words by such subjects also requires invest

igation. Results suggest that discrimination of coded 

speech by profoundly deaf children is unlikely to be more 

efficient than in the present experiments unless the 

method of coding is designed on the basis of knowledge 

derived from such fundamental studies. 
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GENERAL CONCLUSIONS 

In the four studies which constitute this 

series of experiments, profoundly deaf children were 

trained to discriminate linearly amplified speech and 

speech coded by three different processes. The purpose 

of the experiments was to determine whether frequency 

transposition (coding) could improve such subjects' 

speech discrimination skills. The experiments, which 

were more exhaustive and systematic than any others 

undertaken in relation to this problem, and which involved 

intensive training, led to the following conclusions: 

1. Profoundly deaf children's discrimination of coded 

speech was not superior to their discrimination of speech 

amplified by conventional linear systems. 

2. Coded speech to the right ear and linearly amplified 

speech to the left did not le ad to better results than 

either form of amplification presented binaurally. 

3. Results suggest the need for further study on the 

nature of cues that profoundly deaf subjects can use in 

making auditory discriminations. 
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SUMMARY 

Four experiments on the discrimination of 

coded speech by profoundly deaf subjects are reported. 

In the first experiment speech components from 

2000 - 3000 Hz were coded and presented as analog signaIs 

over the frequency range 750 - 1000 Hz, adjacent to a 

linearly amplified bass-band from 70 - 700 Hz. Comparison 

of discrimination scores obtained after subjects had 

been trained with this forro of coding and with conventional 

linear amplification were not significantly different. 

In the second experiment, two coding processes 

were compared, one as described ab ove and the other as 

described by Johansson, (1966). Subjects' discrimination 

scores for either form of coded speech were not significantly 

different from those obtained with the linearly amplified 

bass band provided by each instrument. 

The third experiment was a partial replication 

of the second. In this study the Johansson transposer 

was used over an extended period to provide further 

training for four of the subjects who had participated in 
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Experiment 2. The purpose was to determine whether 

adequate time had been allowed in Experiment 2 for an 

improvement in the discrimination of coded speech as 

compared with linear amplification. Results were 

similar to those of Experiment 2. 

In the fourth experiment, speech components 

from 1000 - 4000 Hz were transposed by means of a 

spectrum channel vocoder and presented over the range 

100 - 1000 Hz. Three groups of profoundly deaf subjects 

were trained to crude limits of learning by the use of 

programmed instruction: the first, with linear amplification 

to both ears, the second, with linear amplification to one 

ear and coded speech to the other, the third with coded 

speech to both ears. No significant differences between 

groups resulted. 

It was concluded that discrimination of coded 

speech by profoundly deaf children was not superior to 

their discrimination of speech amplified by conventional 

linear systems. 
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Appendix 1 

Pre- and Post-training Tests Administered to aIl Subj ects in 
Experiment 4 

Practice Items maison soleil feuille garçon Blé d'Inde 

Set 1 un deux trois quatre cinq 

Set 2 coude doigt oeil pouce 'front 

Set 3 jaune vert bleu rouge blanc 

Set 4 fleurs cloche livre clé oeuf 

Set 5 sept huit neuf dix on onze 

Set 6 tortue oiseau girafe canard poisson 

chien 

six 

dos 

gris 

montre 

douze 

souris 

Note. Four series of these stimulus words were recorded. For each series, a 
different orcier of a1l words within sets were used. Each set of words 
cO:rTesponded with a separate set of coloured pictures or symbols arranged 
to permit the subj ects to respond by pointing rather than speech. 
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SERIES 1: INCORRECT RESPONSES AT ASYMPI'OTE 

Sets Stimulus Woros Gl'r 0 u 12 1 Group_ 2 
mouche bouche douche mouche bouche douche 

1 mouche x 0 10 x 1 2 
bouche 2 x la 2 x 2 
douche 3 5 x a 8 x 

chou cou loup Chou cou loup 
2 chou x a 1 x a a 

cou 1 x a a x 2 
l()up a 1 x 2 3 x 

c~seaux : stylos r~deaux c~seaux stylos rl.Cleaux 
3 ciseaux x 1 1 x a 7 

stylos 3 x 2 2 x l 
; rideaux 7 1 x 5 3 x 

saplll laplll patlll saplll laPlll patlll 
4 sapin x (j a x 0 0 

lapin 0 x a 0 x a 
patin 0 a x a 0 x 

verre fer père verre fer pere 
5 verre x " 5 5 x ~ 8 

fer 5 x 2 2 x 3 
père la 6 x la 6 x 

n~che v~s p~pe n~che v~s p~pe 

6 niche x· ',il 0 x 2 0 
vis 2 x 0 7 x 3 
pipe a a x 0 a x 

Group 
mouche bouche 

x 1 
1 x 
5 3 

chou cou 
x 0 
a x 
0 1 

c~seaux stylOS 
x 2 
3 x 
15 0 

saplll laPlIl 
x 0 
6 x 
0 a 

verre fer 
x 1 
~ x 
8 4 

n~che v~s 

x 5 
2 x 
a 0 

3 

Ct 

douche 
5 
7 
x 

loup 
1 
a 
x 

r~<leaux 

~ 
a 
x 

patlll 
0 
a 
x 

pere 
1~ 
3 
x 

p~pe 

a 
a 
x 

1-' 
1-' 
00 
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SERIES 2: INCORREcr RESPONSES Kr ASYMPrOTE 

Sets Stirrn.llus Words ., Group l Group 2 
ferrune malle nappe ferrune malle nappe 

1 ferrune x 2 4 x 0 5 
malle 3 x l ·1 x 1 
nappé 0 4 x 1 5 x 

seau veau pot seau veau pot . 
2 seau x 9 2 x. 2 1 

veau 0 x 3 3 x 0 
pot 6 2 x 4 0 x 

sel lal.t bec sel lal.t bec 
3 sel x 0 0 x 0 0 

lait 0 x 0 6 x 0 
bec 0 l x 0 1 x 

brosse cloche ~e brosse cloche poche 
4 brosse '.X·· .. '. 4 3 x 3 7 

cloche 3 x 2 6 x 7 
poche 2 3 x 1 6 x 

chal.se fral.se mer chal.se fral.se mer 
5 chaise x 0 0 x 0 0 

fraise 0 x 2 0 x 3 
mer 0 3 x 0 7 x 

dragon ballon wagon dragon ballon wagon 
6 dragon x 3 2 x l 2 

ballon 1 x l 4 x 3 
wagon 10 0 x 5 Il x 

Group 3 
ferrune malle 

x 1 
4 x 
2 2 

seau veau 
x 3 
4 x 
2 4 

sel lal.t 
x 0 
0 x 
0 0 

brosse cloche 
x 5 
2 x 
3 8 

chëil.se fral.se 
x 0 
0 x 
0 4 

dragon ballon 
x 1 
0 x 
4 l 

ct 

nappe 
3 
0 
x 

pot 
1 
2 
x 

bec 
0 
0 
x 

poche 
3 
0 
x 

mer 
0 
2 
x 

wagon 
2 
0 
x 

1-' 
1-' 
1.0 
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SERIES 3: 

Sets Stimulus Words Group 1 
blé- néz 

1 blé x 1 
nez 0 .x 
dé 8 3 

chat mat 
2 chat x 0 

mât 0 x 
bas. 1 2 

plant gant 
3 plant x 1 

gant 0 x 
banc 3 . a 

cravate carafe 
lj. cravate x 3 

carafe 1 x 
banane lj. 2 

pêche chèvre 
5 pêche x l 

chèvre 3 x 
pelle 0 l 

n~d f~l 
6 nid x 6 

fil 2 x 
lit 7 a 

-
INCORREGr RESPONSES AT ASYMPTOTE 

Gl"'oun Z 
dé blé nez dé 

5 x 0 2 
0 2 x 3 
x 2. .1 x 

bas chat . _ . rrat bas 
0 x 0 0 
2 0 x 0 
x 0 0 x 

banc plant gant banc 
6 x 1 6 
0 a x 0 
x 1 2 x 

banane cravate carafe banane 
3 x 3 1 
5 2 x 3 
x 2 IJ x 

. pelle pêche chevre pelle 
1 x 6 0 
0 1 x 0 
x a 1 x 

l~t n~d f~l l~t 
8 x 2 3 
1 1 x l 
x 5 2 x 

ft 

GrouD 3 
blé' nez dé 

x 0 1 
2 x 3 
il 0 x 

coat mat bas 
x 0 0 
0 x 0 
0 0 x 

plant gant banc 
x 0 5 
a x 0 
8 a x 

cravate carafe banane 
x 3 l 
2 x 2 
5 5 x 

pêche. chèvre pelle 
x 3 1 
l x 0 
0 a x 

nid f~l l~t 
x 0 5 
2 x lj. 

.2 x '-'--0 6 ___ 0.-

1-' 
~ 
o 
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SERIES Il: INCORREcr RESPONSES Kr ASYMPl'arE 

SETS Stirrnl1us Worcla Gr 0 u.~ 1 Grou-.J) 2 
balle table palme balle table paJ..rne 

1 balle x a a x a a 
table 1 x Il lli x 6 
palme 1 2 x il 7 x 

no1X poJ.re boIte nOl.X poJ.re œIte 
2 noix x 1 1 x 1 3 

poire Il x 2 2 x a 
botte 2 9 x 2 1 x 

pam smge tram pam smge tram 
3 pain x 5 2 x a 2 

singe a x a 2 x a 
train Il 1 x 1 1 x 

feu pneu noeud feu pneu noeud 
Il feu x 1 7 x a 1 

pneu 4 x 4 2 x a 
noeud 2 3 x 1 5 x 

cadre arbre phare cadre arbl'e phare 
5 cadre x 7 1 x 6 a 

arbre 1 x a 2 x 2 
j)hare a c x 1 2 x 

poule coupe soupe poule coupe soupe 
6 poule x 1 5 x a 5 

coupe a x 0 0 x 6 
soupé 4 a x a a x 

ct 

Group 3 
balle table ~ x a 

a x Il 
a 5 x 

no1X poJ.re boIte 
x a 3 
3 x Il 
5 6 x 

pam smge tram 
x 2 3 
1 x 2 
Il a x 

feu pneu noeud 
x 1 4 
4 x a 
2 4 x 

cadre arbre _ V"I:-'" phare 
x 6 3 
1 x 6 
a 4 x 

poule coupe soupe 
x 1 4 
a x a 
3 a x 

1 

1-' 
~ 
1-' 
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SERIES 5: 

Sets Stimulus WOIÙS Group 1 
bague cage 

1 bague x 5 
cage 6 x 
plage 3 2 

drapeau gateau 
2 drapeau x 4 

gâteau 5 x 
rrarteau 1 3 

av1.ons canu.ons 
3 avions x 6 

camions 3 x 
papillons 9 3 

tasse vache 
'+ tasse x '+ 

vache 1 x 
page a a 

famœ dent 
5 jambe x a 

dent 0 x 
lampe a 1 

p1.geon l1.on 
6 pigeon x a 

lion a x 
citron 1 a 

ft 

mCORRECT RESPONSES AT ASYMPl'OTE 

Group 2 • 
plage bague cage plage 

a x 3 a 
4 2 x Il 
x 3 3 x 

marteau drapeau gâteau marteau 
2 x 1 12 
a 3 x 3 
x 7 1 x 

pap1.11ons aV1.ons canu.ons pap1.11ons 
a x 2 0 
5 8 x 3 
x a 2 x 

page tasse vache page 
.1 ;.- x 5 3 

a 3 x 2 
x a '+ x 

lampe Jambe dent lampe 
2 x 1 10 
0 9 x 0 
x 6 2 x 

C1.tron p1.geon lion C1.tron 
1 x 0 1 
a a x a 
x a a x 

~ 

Group 3 
bague cage 

x 4 
5 x 
a 1 

drapeau gateau 
x 1 
1 x 
5 0 

aV1.ons canu.ons 
x 1 
2 x 
1 2 

tasse vache 
x 2 
0 x 
1 '+ 

Jambe dent 
x 0 
0 x 
12 0 

p1.geon l1.on 
x 2 
0 x 
2 1 

o 

plage 
0 
4 
x 

marteau 
7 
0 
x 

pap1.11c ns 
a 
6 
x 

page 
a 
a 
x 

lampe 
5 
0 
'l( 

C1.tron 
1 
a 
x 

1-' 
I\J 
N 
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SERIES 6: INCORRECI' RESPONSES AT ASYMPl'OTE 

'. 

Sets Stimulus Words Group. 1 Group '2 
botte porrme robe botte porrune robe 

1 botte x 3 0 x 3 1 
porrme 2 x 4 4 x 4 
robe 4 3 x 3 2 x 

grange manche tente grange manche tente 
2 grange x ~ 2 x 2 a 

manche 6 x a 1 x a 
tente 1 3 x a a x 

bouton bouchon mouton bouton bouchon mouton 
3 bouton x 7 8 x 1 7 

bouchon 3 x 4 0 x 4 
mouton 4 5 x 10 1 x 

trèfle cerf zebre trèfle cerf zebre 
14 -t:rer1e x 1 0 x 0 1 

cerf 1 x 5 4 x 1 
zèbre 1 4 x 1 3 x 

pll.l,tle lune mule plume lune mule 
5 plume x 1 6 x 1 3 

lune 1 x 1 1 x 2 
mule 9 5 x 6 5 x 

chaJœau chapeau bateau chaJœau Chapeau bateau 
6 chameau x 1 0 x 3 1 

chapeau 4 x 1 0 x 3 
bateau 0 1 x a 1 x 

~ 

Group' 3 
botte pormne 

x 2 
4 x 
1 8 

grange manche 
x a 
3 x 
a a 

bouton bouchon 
x 5 
1 x 
1 0 

trèfle cerf 
x .·0 
0 x 
a 8 

plume lune 
x 2 
4 x 
9 2· 

U ICUI=c:I.U chapeau 
x 5 
1 x 
1 3 

, 

robe 
2 

:;; 3 
x 

tente 
a 
2 
x 

mouton 
3 
1 
x 

zebre 
0 
3 
x 

mule 
3 
4 
x 

bateau 
2 
1 
x 

1 

1-' 

'" w 


