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SUMMARY

Amplitude compression, AGC, ig used in hearing aids in order to
reduce the dynamic range of speech especially for people with
loudness recruitment. The influence of the release time on the
intelligibility of nonsense syllables of the cvec type has been
studied with normal hearing subjects and hard of hearing sub-

jects with loudness recruitment.

The experiments were carried out at most comfortable level over
a laboratory unit with a compression ratio of 30 dB to 5 dB,

release times 10-1000 mg and S/N 5dB and 60 dB.

To allow weak speech sounds following loud elements (vowels) to

be perceived the release time should not exceed some 100 ms.



INTRODUCTION

Hearing aids with automatic gain control (AGC) were introduced
during the 1950's. Unexpected negative results on patients with
varying types of hearing impairment have been reported, Diffe-

rent groups of users who might benefit from AGC may be recognized:

1. Hard of hearing listeners who may need compression of the
dynamic range of the speech to fit a narrow hearing span.

2. People who may need a long time average level equalizing
for their listening comfort.

3. Hard of hearing who prefer an output limiter with a minimum

of amplitude distortion instead of peak clipping.

For the three main groups of users described above different AGC
characteristics are needed and therefore it is not sufficient to
label the function AGC only. If hearing aids are used for the
experiments it is very important that other parameters

than those of interest, the AGC ones, are kept under control.

There is a great need for an international standardization re-
sulting in the use of a common vocabulary. An IEC document, IEC
publ. 118:2 Hearing aids with automatic gain control circuit may
assist in such a direction. It is impossible to compare results
from different investigators without a careful physical descrip-
tion of the instruments. Three major factors of the physical
performance of an AGC aid have to be specified in order to fully
describe the AGC function:

a. Steady-state input/output function and normal operating levels.
b. Attack time and possible distortion and/or output limitation

of the overshoot.

¢. Release time fs).



Recent jinvestigations

Compression has been expected to be of great value for people
with loudness recruitment, but most experiments have failed, in
recent years reported by Caraway and Carhart (1967), Flemming
and Rice (1969), Burchfield, Rintelmann and Carter (1971},
Ruhrberg and Esser (1972), Vargo and Carhart (1972), and Nabelek
(1975) . One important reason for these less encouraging results
might be the attack times, mostly longer than 5 ms. In fact no-
body has examined the influence of attack and release times
carefully. Lynn and Carhart (1963) have dealt with attack and re-
lease times but only for AGC as a limiter with attack times from
6 ms and upwards. Krebs (1972) and Nabelek (1973, 1975) stress
the importance of another complicating factor, namely distortion

during overshoot, especially for long attack times.

Clinical evaluations of compressor hearing aids versus conven-
tional hearing aids have been performed by among others Yanick
(1973), Blegvad (1974), and Kemp and Blegvad (1975). Yanick is
positive, the others more negative, but is is a difficult task
to determine which performance characteristics make a patient

prefer a certain hearing aid.

Spreng and Keidel (1972), Villchur (1973, 1974), and Robinson and
Huntington (1973) are experimenters practising more unusal methods.
villchur adjusts the compression in different freguency bands to

the loudness function of the listener.

Spreng and Keidel

work along the same line, examining the loudness function by ERA.



Robinson and Huntington use the average power of the speech sig-
nal integrated over 30 ms to determine the gain, suggesting this
to suit the function of the ear better than momentary regulation.

More experiments have to be performed to test the idea.

OWN EXPERIMENTS

Listening conditions

The speech material was processed using a compressor amplifier
manufactured by Spectra Sonics type 610 Complimiter. The steady
state input-output characteristics used in all experiments are
described in figure 1. The speech level was monitored by a peak
indicating instrument capable of showing peaks of the duration

of 1 ms or longer. The maximum peak level was set to 6 dB below
the output level where peak=-clipping OCCUrs, giving a compression
range of about 30 dB. This may be considered to be high enough

to permit weak speech sounds to fall into the range where com-

pression is effective.

The experiments were conducted with different attack and decay
times. Photographs of typical actions are shown in figure 2. The
tests were performed at two signal-to-noise ratios, S/N = 60 dB
and S/N = 5 dB, the first representing a good transmission. For
$/N = 5 random white noise was low-pass filtered at 6 kHz and
mixed with the speech signal at the output of the compressor,
the purpose being to make the test situation more difficult. The
signal-to-noise ratios were measured using a noise level meter
(IEC 179) dB(C), fast response. The level of the speech material

is the average over the complete set of words.



The speech material was recorded on magnetic tape at 38 cm/s giving
an overall performance measured electrically at the terminals of
the ecarphone of 50 to 1200 Hz (¥ 1.5 aB) and S/N = 60 dB. The sti- .
muli were presented monoaurally (except for the impaired group in
Experiment III) over earphones TDH 39 with cushions MX 41 AR. The
test subjects were sitting in a sound-insulated booth with a noise

level at the eardrums below threshold.

Test material

The speech material used was nonsense syllables, logatoms, of the
cve type and phonetically balanced according to available statis-
tics of the Swedish language. The initial and the final consonants
as well as the vowels were balanced. The total set of words was
divided into 20 lists of 50 words each. In these experiments ten of
the lists were used. One test list is given as an example in Appen-
dix B. The test words were embedded in a carrier phrase (Det dr.....
vi h®&r). The levels of the individual test items were equalized by

measurements of the carrier phrases only, Sijdgren (1973). The re-

ference articulation function was measured with normal hearing

listeners and is shown in figure 3.

Subjects

The experiments were performed with normal hearing and hearing
impaired subjects. The hearing of all subjects was carefully exam-
ined. The normal hearing subjects had a hearing level of less than

20 dB (125-8000 Hz) and showed no sign of pathology.



The hearing impaired subjects had presumably cochlear hearing
losses. Their pure-tone audiograms were reasonably f£lat within
the frequency range 500-2000 Hz. A recordable stapedius reflex
when stimulating the test ear in the freguency range 500-2000
Hz was also required. All subjects were less than 50 years of

age.

The individual pure-tone audiograms and stapedius reflex thres-
hold of the subjects of the pathological group in Experiment I

are shown in figures C-1 and C-2. The corresponding results for
subijects studied in Experiment II and IIT are shown in Appendix

¢, figures C-3, c-4, C-5, and C-6, respectively.

Description of experiments

For the normal hearing subjects a sound pressure level of 75 dB
was used for the presentation of the test lists. For each of the
hearing impaired subjects the most comfortable level for speech

was determined and used at the tests.

Training sessions were performed, using training logatom lists,
and each experimental session was always started with one or two
training lists. Maximally four test lists were presented at each

session.



Experiment I:

Ten normal hearing and seven hearing impaired subjects were studied.
The compressQr was used on-line with a fixed ratio, 1/200, between
attack and release times. The following denotations define the five

combinations of attack and release times.

Table I
t t
a r
(ms) (ms)
Tl 0.05 10
T2 0.15 30
T3 0.5 100
T, 1.5 300
T5 5.0 1000

Signal-to-noise ratios (8/N) of 5 dB and approximately 60 dB (only
internal noise of the test equipment) were used for all combina-
tions of time constant. The normal hearing subjects responded by
means of a set of pushbutton switches, directly connected to a
computer for storage and analysis. The pushbutton board included

the necessary combinations to form one-syllable Swedish words.

The hearing impaired subjects responded verbally. These responses
were written down by the experimenter and also recorded on tape

for later computer analysis.

In this experiment ten normal hearing and six hearing impaired sub-

jects were investigated. Tape recordings of the amplitude compressed



speech material were used. For the normal group the same attack and
release time combinations were used as in Experiment I, while for
the pathological group only the combinations denoted by T3, T4 and
T5 were studied. The S/N of 5 dB was used in the normal hearing

group only. The verbal responses of the subjects were written down

and also recorded on tape for later computer analysis.

Ten normal hearing and six hearing impaired subjects were used. A
fixed attack time of 0.5 ms was used with the compressor connected
on-line. The release time was set to different values in the range

of 10-1000 ms according to the following table.

Table II

ta ty

(ms) {ms)
Tl 0.5 10
T2 0.5 30
T3 0.5 100
T4 0.5 300
TS 0.5 1000

The S/N used as well as the method of recordings of the subjects'

responses were the same as in Experiment TI.

Results

The subjects' responses have been evaluated by means of computer

analysis. The computer has been programred to analyse the results



with regard to the discrimination of the complete logatoms as well
as to the three separate parts of the logatoms (initial consonant,
vowel and final consonant) . Furthermore, confusion matrices have
been studied in some cases. The data have been evaluated with re-
gard to the individual results as well as to the group results.
when evaluating group results, normalized data have been used. The
normalization was performed for each S/N by searching the maximum
discrimination (Dmax) at T1~T5 for each subject separately. The
normalized discrimination scores at Tl—'I'5 were then calculated di-
viding by D_..-

The results of Experiment I, II and II are presented separately.

All data are given in figures and tables in Appendices D and E,

respectively.

The tables E-1 to E-IV show the resulting normalized discrimination
of the normal group for complete logatoms, initial consonants, vowel
and final consonants, respectively, for the two S§/N values. The
maximum absolute discrimination scores for each subject are also pre
sented. 'The mean value and standard deviations of the discrimination
of the normal group are presented i figure p-1 for five combina-
tions of attack and release times and the two signal-to-noise ra-

tios.

The corresponding results for the pathological group are presented

in tables E-V to E-VIII and in figure D-2,



No statistically significant difference (Student's t-test p<5%) in
the discrimination was found between the different combinations of
attack and release times for the no-noise condition. This is true
for both the normal and the hearing impaired group. However, when
background noise was added (8/N = 5 dB), a significant deteriocora-
tion of the discrimination of the complete logatoms was found in
the normal hearing group at the time constant compination T5 (ta =
5 ms and tr = 1000 ms) as compared to the other combinations (p<1%) .
This result is mainly explained by the decreased discrimination of
the final consonant at TS as shown in figure D-1l. No clear influence
of the discrimination of the initial consonant and the vowel from

the variations of the time constants is seen. The mean discrimination
tends to be highest at the time constant combination T3. The results
are in good agreement with a pilot study by Johansson and Kringle-
botn (1961l). In the group with hearing impairment the same qualita-
tive results are obtained. The discrimination of the complete loga-
toms and the final consonants deteriorated significantly at TS‘ The
pbest overall discrimination was obtained at the time constant com-

bination T, for the pathological group and for both S/N values

(table E-V).

confusion matrices for the final consonant discrimination with

S/N = 5dB of the pathological group at time constants Tl and T5

are presented in Appendix F, figure F-1 and F-2, A decreased dis-
crimination for the consonants P, T, X, S, and J is evident in T5

as compared to Tl' For M, N, NG, L, and R no significant differences

could be found.



The normalized discrimination of the complete logatoms, initial
consonants, vowels and final consonants for the two noise con-
ditions for the normal hearing group is shown in tables E-IX, E-X,
E-XI, and E~-XII and in figure D-3. Figures F-3 and F-4 show the
confusion matrices for the final consonants at the time constant

combinations Tl and T5 with S/N = 5 dB.

The results of the pathological group, where only the time con-
stants combinations T3, T4, and T5 were used, are shown in tables

E-XIII, E-XV, and E-XVI and in figure D-4.

As was the case in Experiment I there is no significant influence

on the discrimination from the different time constant combinations
and the normal hearing group for the no-noise condition. When S/N

was 5 dB, however, increasing time constants gave rise to decreasing
discrimination; Thus, the discrimination of complete logatoms

was significantly lower (p<l%)} for T5 than for Tl - T4. The confusion
matrices in figures F-3 and F-4 show that the most important diffe-
rences in the discrimination of the final consonant at Tl and T5
concern the consonants P, B, G, T, and J. The mean discrimination

scores tend to be highest at T3 when S/N = 5 dB.

In the pathological group, where only 8/N = 60 dB was used, a signi-
ficantly decreased discrimination (p<l%) was obtained at TS' T3

gave rise to the highest mean discrimination scores also for the
hearing impaired group. The confusion matrices for the final conso-
nants of the pathological group at the time constant combinations

T, and T5 are presented in figures F-5 and F-6,.



This experiment, where the attack time was kept at 0.5 ms, while
the release time was varied, gave the normalized discrimination
scores for the normal group shown in tables E-XVII - E-XX. The
mean values with the standard deviations indicated are presented

in figure D-5.

The corresponding results for the pathological group are presented

in tables E-XXI - E-XXIV and in figure D-6.

No significant influence on the discrimination from varying the
release time was obtained for the no-noise condition. However,
with 8/N = 5 4B the normal hearing group yielded a gignificantly

lower discrimination at 'I‘4 and T5 as compared to Tl - T3 (p<ls) .

Thig effect on the discrimination of the complete logatoms is re-
lated to the decreased discrimination not only ©f the final conso-
nants but also to the initial consonants and the vowels. The over-
all discrimination for the normal hearing group with background
noise tended to be highest at the time constant combination Tl'
Similarly a decreased discrimination score was observed in the patho-
logical group for long release times. This was related to decreased
discrimination of the final consonant with the most pronounced
effect on P, T, K, 8, and J. No influence could be noted on the
discrimination of the final consonants M, N, NG, L, and R. Under no-
noise conditions the pathological group tended to yield a slightly

increased discrimination at the time constant combination T4.

Discussion

This work, started in the early seventies and finished in 1975, con-



cerns the action times of automatic gain control devices for

hearing impaired with recruitment. In the first two experiments there
wag a fixed ratio between the attack and the release times, as was
usual in hearing aids at that time.There is no doubt that the attack
time should be as short as possible. Nowadays this does not intro-
duce any difficult technical problems. Therefore the third experi-
ment and our discussion concern only the release time. The release
time, however, must be chosen for a distinct purpose; limitation,
long time average level equalizing or compressing the dynamic range

of speech.

Oour three experiments, all with both normal hearing and hearing
impaired test subjects show no decrease in discrimination for nor-
mal hearing subjects without noise for the release times chosen
(10-1000 ms) . With noise (S8/N = 5 dB) or a hearing impairment with
recruitment the discrimination, mainly of the final consonants, is

affected.

The results from all three experiments show that the release time
in compressor amplifiers for hearing impaired listeners with re-

cruitment, should be chosen with about 100 ms as a maximum.

PROBLEMS FOR FURTHER STUDIES

Highest acceptable attack time.

Influence of oscillations during attack and release.
Suitable release time for level averagers.
Multichannel compression.

Subjective quality rating.
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Fig. 2., Typical compressor actions. Here the attack time is 0.5 ms
and the release time 100 ms for 25 dB steps from compressor

knee-point.
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representing the score of one list of 50 words, measured
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listeners for each test point; ages: 17-48 years. Presen-
tation: binaural, TDH 39, MX 41 AR.
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Figure D-5. Normalized discrimination of the normal hearing group

in Experiment III.

Time constants according to table IT.
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Figure D-é. Normalized discrimination of the pathological group in

Experiment II1l. Time constants according to table II.



Appendix o

Table E-I. Normalized discrimination of the normal hearing
group in Experiment T. Complete logatoms. Time

constants according to table I.

S/N = 60 dB

Su;gGCt T, T, Ty T, Ty 23;;?;?01_
, ] diccrimination
1 92 98 100 98 96 e
2 9y 100 100 96 109 o0
3 98 98 92 100 100 98 B
4 83 | 98 36 | 100 96 92 |
5 96 9y 100 gy 96 98
6 96 98 gy |- 98 100 100 )
7 gy 100 98 90 9y 100
e 96 96 100 100 98 100 “m
9 96 100 96 100 . 98 98
_10° 100 100 100 96 100 100
% |ou.s0 |9s.20 |9e7.60 | 97.20 |97.80 - B
s H.60 | 1.99 2.95 3.29 2.20
S/N = 5 dB
subject | - _ Maximum
No T1 T2 T3 T4 T5 apso}uﬁe _
| discrimination
1 81 | 100 a0 81 58 62 ]
2 65 78 100 88 40 80 )
3 91 69 100 91 80 70|
| 100 79 90 100 55 58 _
5 100 81 69 | 97 69 '_ Bl )
6 100 30 90 84 84 62
7 100 81 |78 | 100 92 72
8 97 9y 100 85 56 68
9 92@m 95 100 | 61 81 6
10 | 92 7| 8u 100 | 100} 71 72
2 ]o1.80 570 e1.70 | 88.70 | su.60 |
TN T2 |6 he | i0.83 112,11 15,04




Appendix

Table E-II. Normalized discrimination of the normal hearing
group in Experiment I. Initial consonants. Time

constants according to table I.

S/N = 60 dB

SuggeCt“ ) ., L T, T SzgéT;gc‘ |
. B ) B . discyrimination
: g8 | 100 o | es | 100 | 100
2 160 100 100 98 00 100 o
3 | 100 100 100 100 100 1 100 |
4 96 100 100 100 100 100
5 100 | 98 100 100 100 oo
6 100 100 100 100 100 L
7 100 100 100 98 100 ] 100
8 .98 100 100 100 100 100
9 100 100 96 100 98 100
10 | 100 | 100 100 98 100 100 |
X 99,20 /99.80 | 99.60 [99.00 99,80
5 1.40 | 0.63 1.26 | 1.1 | 0.863
S/N = 5 dB
subject 7 Maximum T
No Tl T2 'l‘3 T4 T5 a?so%u?e .
| o dlSCIlmlHiEigzw
" 100 86 g 82 98
2 92 | 96 100 38 77 a6 |
3. 96 89 100 98 91 9n N
4 100 82 89 96 | 87 90
5 93 88 98 100 - 88 | 86 ]
6 96 91 100 91 96 I L T
7 98 79 88 90 100 96 |
8 96 91 100 gy 79 gn
9 93 98 100 88 _\_ 8% _L.....%2
10 98 9y 98 100 90 96
e ko |90.50 | 95.90 | 93.80 | 87.90 | o
5,04 6.68 5.781 6.75 I 7.{£““w




group in Experiment I. Vowels. Time constants

according to table I

5/N

= 60 dB

Aupendix b

Table E~TII. Normalized discrimination of the normal hearing

o e — - CTMAK TR T
Mmirmﬂ...u_n_‘ x_:..m;é § ,t} - ,. gt 9,,8 ; 05 ﬂmg : T %,w.,.mz*gg s
2 96 100 | 100 | 100 | 100 T
2 | 9s 98 gémﬁ 100 98 m;;jf__1eé‘_“
4 9y 96 98 | 100 98 100 |
5 9y 9l 100 | 96 98 100
6 96 100 gy 100 | 100 | 100 |
7 96 100 98 98 9¢ | 100
8 100 98 100 100 98 100
g 100 100 100 | 100 100 | 98
10| 100 100 100 98 | 100 100 N
X 96.80 ]98.60 | 98,00 99.20 g;f;g"t;,
s 2.53 | 2.12 2.83 | 1.40 1.35
S/N = 5 dB

subject
No

T

g5

89

premppriphei

89

A St A o Ty S

Masximum

absolute
discrimnination

i 2 e i

100

88

e v e i

75

75

100

88

96

93

30

100

98

30

90

100

100

78

79

93

82
82

98

79

a8

88

98

99

100

83

93

80

100

93

98

100

85

b o 3 ST S AT i AT T T

82

© 90

81

88

88

100

8l

10 a3 91 100 | 93 | 91

91.50

87.60

94 .40

7.91

5.93

8.54

8.85

84,10 |

e P ————




Table LE-1V.

Appendix &

Normalized discrimination of the normal

' hearing group in Experiment I. Final consonants.

Time constants according to table T.

S/N = 60 dB
S“ﬁgGCt" N T, T, T, Ty ?g:;Tﬁig‘
s e s e sor il s e e s s e e sy maearan e e e e et e o 6 B T R AR A e d iscrimination
o a8 on | 100 | 98 | a8 | 100 |
2| 98 100 100 | 98 100 100 ““mf“
mmgh.‘ Y g8 96 98 100 100
o 85 100 96 98 96 9u
5 100 100 98 | gy 96 100 ]
6 100 98 100 98 100 100
7 98 100 100 9y 9y 100 N
8 98 98 100_| 100 100 100
9 96 100 100 100 100 100 .
10 - 100 100 100 100 100 100
% | 97.10 |ss.80 | 99.00 |97.80 98,10 -
s 43 | 1.93 1.70 | 2.20 2.27
S/N = 5 dB
'subjedt ' mmmmMaximum T
No Tl T2 T3 T4 T5 a@so%u?e .
L dlSCIhﬂlﬂ%}lon
T 90 100 100 88 68 80
2 91 98 100 100 81 86
3. 96 83 100 93 65 92
i 92 85 100 30 69 78
5 96 100 84 89 8 90 N
6 100 93 81 88 81 By
7 9y 79 100 | 98 85 9y N
8 95 100 100 95 | 75 88
9 | 9ém 100 9y 90 75 96
10, 9s oo |98l .98 L 80 .. 88
X 93.90 | 93.80 [95.70 | 92,70 75.70
s 3.18 | 8.32 | 7.24 | 4,35 6.55




Appendlix B
Table E-V. Normalized discrimination of the patholo- '
gical group in Experiment I.. Complete

logatoms. Time constants according to table I.

S/N = 60 dB

s T2 3 Ty g ,aﬁiﬁg
S VR R i o e SO NN IO, |
R e v Mepva) Bs v
3 93 100 | 83 | 100 72 s
S I T T T TV N N
6 78 78 | 100 89 100 18
S A 100 97 ) 87 4 79 | 76 —
75 |97 95 95 68 100 74
Tl )..52 | 64 1 100 ! 48 | 60 . . 50..
X 81.86 |86.86 |92.71 | 84.57 [82.43
T s 15.61 |13.04 | 7.16 | 19.80 |15.97
S/N = 5 dB
T Maxi
SullggeCL Tl T2 T3 T 4 T5 Sglgé@g%}atior
2 76 80 88 100 48 50
3 go | e 100 | 68 64 50
4 100 | 82 76 88 53 34
6 67 56 100 78 67 18
11 50 93 100 79 54 56
75 100 96 83 87 79 48
77 100 78 72 44 | 44 36
X 81.86 | 77.29|88.43 | 77.71 |58.43
s 19741 [ 15.99 | 11.94 | 17.90 |12.20




Table E-VI,

gical group in Experiment I.

Normalized discrmination of the patholo-

Initial con-

Appendix B

sonants.Time constants, according to table I.

S/N = 60 dB
S— , e e e e
S 2 92 { 92 94 | 96 |\ 100 | . ...100 .
3 d8) 100 298 1100t 89l - BB
Y S 83.bm X D8 SRR - L SN NN ¥ Yo WS | X R DU -
6 | 85 | .97l .88.l ..100 94 .68
11 91, 93 98 | 87 100 92 .
75 94 100 91 | 83 100 94
LI Lo ) 3l o0l 93 |88 . 84
_g“ rrrrr ;gf43 94,71 | 93,711 94,14 |93.14
s 3.95 6.05 5.19| 6.87 7.45
S/N = 5 dB
subject gﬁgéJﬁgé .
No Tl T. T3 T4 Te iscrimination
2 100 i 88 93 o8 69 84
3 90 93 98 100 90 80
4 100 87 84 89 68 76
6 76 100 82 62 97 68
11 77 91 100 91 80 88
75 86 100 98 84 98 88
77 90 98 | 100 83 83 | 82
X 55,43 | 93.86] 93.57 | 86.71 | 83.57
s 9.65 5.5; 7.61 | 12,65 { 12.23




ppendix 1

Table E-VII. Normalized discrimination of the patholo-

gical group in Experiment I. Vowels
Time constants according to table I

S/ = 60 dB

i

QﬂﬁECt ] T2 ) 3 Ty Ty absolute
o SN DO N SN dis_cr.i_n}}nation
2 96 | 100 | 98 | 100 100 .94
s | s | o3l a4 | 100 | or |90
4 ~ 98 | 90 | 98 i 100 88 84
6 100 80 | 97 97 87 | 60 ~
11 91, 100 96 91 87 | 92 ]
15 89 98 96| .94 100 _..94
77 74 77_|_. 100 85 | 95 | 78
3 1 92.29| 91.14 | 95.57 | 95.29 92.57
8.99| 9.42 | 5.29 5.71 5.80
S/N = 5 as
SuggeCt ’1‘l T2 T3 Td. TS 3?%8r?$1natlor
N 88 100 98 | 98 80 82
3 95 100 100 - 80 95 80
4 88 94 100 97 97 64
6 73 g5 | 85 100 79 66
11 73 98 88 100 80 80
75 100 87 97 92 97 78
77 82 85 94 85 100 68
X 85.57 | 92.71 | 94.57}93.14 |89.71
1631 6.92 5.94 1 7.88 9.52




Appaendix E

Table E~VIII. Normalized discrimination of the pathological
group in Experiment I. Final consonants. Time

constants according to table I.

S/N = 60 dB

2 | 984 83 81 1. 100 . .90 .\ 96 .
o3 ol 92 b 97 b 92 L0 T e e
4 85 100 97 | 92 97 78
6 90 66 86 62 | 100 58
11 a7 | 98 | 100 98 91 o4
75 | 93 89 100 82 91 90 )
77} 76| 100 92 | 68 | 84 | 74
X 89.86| 89.71 | 93.29 [84.86 |93.29
s 8.19| 12.20 1 7.34 |14.83 5.94
S/N = 5 dB
. : Maxi
SuggeCt '1‘l T2 T3 T4 'I‘5 3?§8r§§§natior
2 100 97 88 100 | 59 68
3 90 - 65 100 - 90 65 s0
4 93 03 | 93 100 50 60
6 160 53 | 77 70 43 60
11 71 83 100 74 79 84
75 100 100 81 | 92 78 74
77 100 93 86 66 69 58
X 93.43 | 83.43 | 89.29 | 84.57 63.29
s 10.71 1 17.83 | 8.90 | 14.32 13.57




Avpendix Ik

Table E-IX. Normalized discrimination of the normal hearing
group in Experiment II. Complete logatoms. Time

constants according to table I.

5/N = 60 4B

L T A SR 7 L
No Tl T2 TS 14 TS _?bsQLQLe.
USRS NSV SOUII RO N S el

P S S -
B 92 96 98 98 | 100 | 100 |
3 T e T 98 ] 100 100 | 100 | 100
4 85 83 87 | 100 %6 | o2
I Y 96 96 w00 | 100 | 100
6 | 96 100 | 100 94 100 100
7 92 90 | 96 96| 100 98
8 | 90 98 | 100 98 94 100
9 | o4 98 | 100 98 | 96 _100
10 86 | 98 | 92 | 100 | 98 98 ]
"% [o1.70 | 95.30 96.90m§g:€m 98.20 N
s 13.77 | 5.08 | 4.38 | 2.07 | 2.20

S/N = 5 dB
eub ject | l M Maximom §

No 1 T T T P ahsolute
! 3 4 5 \ e
discrimination

1 80 90 70 - 100 80 60

2 100 .78 84 72 56 64

3 97 85 | 100 79 58 LI

4 100 75 80 100 60 40

5 97 100 82 88 ... 68 68

6 83 93 | 100 | 96 60 600 s
71 100 94 74 71 62 B
8 76 %0 | A0 93 8 2]

9 89 78 100 58 58 12l

38 100 88 1. .81 b 78 b 6B}

TR GRS T T R LAY e TR HOTR I R e VTR SR 1 8 B T s L R A T U S S L S

2 88.10 88.90| 89.80 | 84.10 |

5 10.40 963 10.64 13,77 8.68




Table E-X.

Normalized discrimination of the normal hearing

group in Experiment IT.

Initial consonants.

constants according to table I.

S/N

G

4 di

Appenaix 1
W T T e ot

Time

USSR S R
buEZGCLn Yy T B Yy Ty absolute |
it e i B A 1 YR A A o e 2 R M e i A i T i dlSCfﬂlllﬂ(:‘.t ton
1 1 98 | 100 | 100 | 100 100 100
2 | 96 98 | 100 100 100 100
30100 | 100 100|100 100 100 i
L4 | 98 100 96 | 100 | 100 10
5 98 100 100 100 100 100
6__| 100 | 100 100 | 100 100 __loo
|7 100 96 100 100 100 | 100 .
8 100 | 100 100 100 100 100 ]
.9 | 98 100 | 100 100 100 {100
W0 | 100 ) 100 1 100 | 100 100 100
mmjiw_ 98,80 99.40 | 99.60 100 100
s 1.40 | 1.35 1.26 0.0 0.0
S/N = 5 4B

gubject : Max imum T
No Tl T2 T3 T4 T5 a?so}u?e »
discrimination
1 90 94 90 100 88 96
2 100 96 96 98 89 90 |
3 96 96 91 100 91 90 B
4 { 100 | 83 77 | s4 77 94
5 91 100 {94 89 89 {94
6 L 86 88 100 | 98 | 90 96
100 100 | 96 | 100 91 90 i
91 93 100 93 91 90 .
o | 8o o6 | 100 | .89 | 89 | 94
ﬁ'];,,g, o5 ? ,6m:__ T £ ggm“ T R R AR ] -:;:::"'*:;';Q_xg-:s’:: T :-;'.-:.(2.6,..,-_. oot b Q 4 T
X 93.90 { 94.40 | 93.30] 96.10 89.10
8 5.15| 5.34 7.07 4.51 | 4.79



HAppendix T

Table E~XI. Normalized discrimination of the normal hearing
group in Experiment II. Vowels, Time constants

according to table I.

S/N = 60 dB

"gag“-fgfffgfw I TTMEE IO T
AT I i ) 1 m T - 5 Toqm e 3
NG fl T2 13 14 15 .ﬁbif¥PFF_,
digcerimination

e T oLy (N = I S

A o e = e e e e At Mo

- e

2 oo e g b e e 1 st i o e e T AL AR AR TR B e L R i P 2 R S N A S LSS S IR b £ T8 VGRS

1 98 100 98 98 96 100
2 | 98 | 98 | 100 | 100 | 100 T 00
3| s [ 100 | w00 | 100 | 100 | 100
SO 4 100 | 100 ; o0 . ..°4 L. ....°%

5 98 | 100 | 100 100 | 100 100

100 100 100 100 100 100

prrmrtrax s s e 4 izt = ctannr o s (IR IS - [ Gu— i i e e o

A 96 98 100 98 100 100

. 8 92 100 100 a8 100 1.040...

9 98 100 100 98 98 100

oo B e wre . s . = e -

10 96 98 92 100 98 100

ey i plisancsraing emam. S T S R e DRSS T TR T T SIS R SRR E e S e e

X 96.80 | 99.40f 99.00 | 99.20 | 98,60
2.35| 0.97] 2.54 | 1.03 | 2.12

S/N = 5 dB
-, __ - (N
[sub ject Maximumn
No T T T3 ‘I‘4 TS absolute

1 | 95 | 100 9% | - 90 88 82

2 100 80 84 80 82 88

3 100 93 93 90 86 84

P o 2 s P

4 100 92 92 86 78 74

S ke A2

6 93 93 89 1090 93 82

5 100 100 90 9% | 95 84

i e R £ P K, U i My 8 S L S

7 93 100 98 98 98 82

8 77 86 %1 § 100 86 86

b N L 7 Rt 5 Bt o S AT B R a7, e A

94200 98 95 1 .88 ) . ..86. e Bh
10 93 23 88 y 100 4y .90 1. 84
5 |95.10 | 93.50 |91.00 | 92.20 88.20

s | 7.16 | 6.57 | 3.86 6.96 6.01 |




Appendaii B

Table E-XII. Normalized discrimination of the normal hearing

group in Experiment II. Final consonants. Time

constants according to table I.

5/N

= 00 dB

NO

éﬁbject&

T'.i. )

T

96

100

98

98

MAYTINYY
ahsolute
disorimination ¢

96

100

3 96 o 98 100 iOO‘ ) 100“”“ “VI;EHWMHQ
4 91 81 85 _ 98 N 100 o 94
5 96 96 96 100 160 lOquwwm
6 96 100 100 94 100 _ 100

96 96

96 96

95,50

- 98.60

8 96 98 100 100 94
9 98 98 100 100 | 96
10 90 98 98 | 100 | 100

99.00

e T T LTt W e,

98

100

L300

98

5.36

' 2.12

2.16

Bimrorrywa v e e L e prermnema B

RTINS ERTEIRRTIANY.

74 g2

100

S DS RO S I

Maximum
ahsolute
digcrimination

78

100 89

97 92

74

95 97

X

I R A R

A

83

100

89
81

100 97

3 98 88 100 80 13 82 ]

4 76 79 100 | 100 | 67 66

5 100 89 86 98 73| 88

6 80 87| 100 | 87 63 85
77 93 100 70 74 .86

90 86

TR TS

g e

87.00 89.70

95.50

89.30

100 | 83 | 67

w

10.55

6.20 |

6.80 |

9.92

e L

78

92

84




Appendix B
Table E-XIII, Normalized discrimination of the patho-

logical group in Experiment II. Complete

logatoms. Time constants éccording to table I.

S/ = 60 dB

Sm}rgg(:t Ty T Ty Ty Ty i chaolute
B S S— S S | discrimination
BETE | o0 | 83 100 | 46
12 o 20093 I3 88
13 L 100 | 94 | 75 | 64 |
14 N I L 92 58 24 .
15 .85 | 100 | 95 | . 40 _
17 .88 100 75 16
B3N | 95.4 | 93.6 | 79.3
s 7.1 | 6.4 15.5

Table E-XIV. Normalized discrimination of the pathological group
o in Experiment II. Initial consonants. Time constants

according to table I.

S/N =60 4B
Sut?ge(:t P i T 7 T %I%ér%?nation
1l 2 3 4 *miim__ |

11 | 100 01 84 88

12 1 100 94 92 98 |
i 13 96 100 91 92

14 ' 80 100 74 70

15 - ' 80 100 93 88
LY A 83 79 100 76

X - _ 897 | 94.0 | 89.1

s | 9.9 8.3 8.9




Appoendix B

Table E-XV. Normalized discrimination of the patholo-
gical group in Experiment II.Vowels. Time constants
according to table I.
S/N = 60 4B

. SUDSECE i T T, T ( T, T agzif:;ﬁ: )

o Jgiscrimination

11 | o 80 | .82 . 100 | 88 .

12 1 198 | 100 I 87 . I A,

13 100 | 93 98 84

14 100 100 100 60

15 ' 91 | 100 _|.__ 93 84

17 ' 96 _ 100 80 _.50

X 94.0 | 95.8 | 92.9

" 7.9 7.4 8.1

Table E~XVI. Normalized discrimination of the pathological group in
' Experiment II. Final consonants. Time constants according
to table I.

S/N =60 dB
- Maxigumm

subject . . " §9§§i§%§nation

No T]_ T2 3 4 5 ) -
11 100 83 86 72

12 | 100 | 98 90 100

13 ) 100 1.00 70 80

14 ' 100 93 80 60

15 - 100 1.00 96. 26

. 88 100 64 50

= 1 98.0 95.8 81.1

- o 4.9 6.6 12.3
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Appendiy

Table E-XVII. Normalized discrimination of the normal hearing
group in Experiment III. Complete logatoms. Time
constants according .to Table II.
S/N = 60 dB
subject) ., T T P ' **;w TZ;{EF ?frem h
No L 2 3 4 Rmm“”:imwwmm discrimination
=1 54 60| B 96 96 Y i
3 100 |7 100 100 98 " 100 94
3 54 100 38 92 o4 | 96
4 98 100 100 92 98 Y
5 96 98 96 98 " 100 100
6 88 98 o 96 98 B 100 98
7 98 96 100 100 1.00 98 _
8 96 96 90 1.00 94 98
9 87 100 100 100 96 | 94
10 92 98 100 98 94 98
X 94.30 ] 98.60 |96.30 | 97.20 97.20
. 4.27) 1.65| 5.66 | 3.01 2.70 |
S/N = 5 dB
gubject : o Maximum 7
No Ty T2 3 4 's giizi;;;tkm
1 74 100 88 - 71 56 68
2 76 85 100 X 50 32 68 .
3 100 88 97 91 38 64
4 | 100 75. 81 - 38 64 -
5 77 92 100 50 48 67 B
6 93 67 100 47 10 B0
7 100 100 63 = 59 .58
8 { 93 | 100 66 24 28 | 58
9 100 | 96 | 78 i . .52 48 SRS ¥ S
10 4100 L7zl e es o 30 82
% 91.30 | 88.00 | 83.40| 56.25 | 39.60
P I I7 711,791 715,95 19.72 14.38




group in Experiment III.

Appendix E

Table E-XVIII. Normalized discrimination of the normal hearing

Initial consonants.

Time constants according to table II.

5/N = 60 dB
sub}éct- - o ‘ “’ ‘ '"ﬁﬁ?i@ﬁﬁrmw“m
vo | il T2 ) T T "5 | aisermination
l. 98 100 92 7 loowmwmmwmQS ;é. T
2 100 100 100 98 mw”lOO MIBEMHNHMH
““3 ldO 100 100 100 94 100 .
mmmimm 100 100 100 98 100 100
5 100 - 100 100 100 100 100
WmmEWh 98 100 100 100 100 100
7 100 100 100 100 100 100
8 100 98 98 100 100 100
-9 98 100 ‘98 100 | 100 100
10 98 100 100 160 | 98 ‘100
X 99.20 | 99.80 198.80 ] 99.60 | 99.00
S 1.03 0.63 2,53 0.84 1.94
S/N = 5 dB
éubject Maximum T
No Tl T2 T3 T4 T5 gps?%uFeu'
iscrimination
1 84 98 100“ 84 B 87 ] 90 |
2 98 98 1o0 80 72 92
3 93 100 98 91 73 92
4 100 87 96 P ) 64 94
5 95 100 100 89 86 88 -
6 96 91 100 71 58 20 ...
7 98 100 92 - 81 84 |
8 80 100 83 76 63 | 92
9 100 98 90 85 | 66 | 82
10 )98 | to0| s | __8 | e | 88 .
% 94.20 97.20 94.50 | 83.13 - {71.80
6.84 [ T452 6387 7.00 | 9.98 |




Appendix E

Table E-XIX. Normalized discrimination of the normal hearing
group in Experiment III, Vowels, Time Constants

according to table IX.

S/N = 60 dB

.gﬁb”ec; e . - e TR
NJ ’ Tl T? T3 '.[‘4 T5 absolute
B © ) digcrimination

1 94 100 94 100 100 98

2 100 98 98 08 98 98

3 100 96 96 96 98 100
4 96 98 | 100 98 | 98 100
5 96 100 98 98 | 100 100

90 98 98 96 100 100

. B,

7 96 96 100 98 0 | 100
8 96 98 96 100 98 100
9 96 98 100 98 I 96 \....100
10 94 98 98 | 100 | 96 100

X 195.80 98.00 | 97.80 | 98.20 | 98.40

s 2.90 1.33 ] 1.99 | 1.48 1.58

S/N = 5 dB

[subject ' Max imum
No T T T T T absolute

[52]

discrimination

1 84 100 100 84 84 88

2 90 86 100 95 81 84

3 %98 91 95 100 76 86
P e e
4 95 82 92 - 6 | 78

5 84 - 93 100 77 61 88

6 95 85 97 100 64| 78
100 97 80 - 83 | 84

8 100 100 89 | 82 84 1 .....T6

9 | 90 90 100 {95 | 85 i . 80 ...

10 95 90 76 | 100 i 80 . . 82 .. .|

X 93,101 91.40 {92.90 91.63 79.80

s 57927776.19 | 8.76 | 9.24 |11.05
' S U N




Appendix E

Table E~XX. ©Normalized discrimination of the normal
hearing group in Experiment III, Final consonants.
Time constants according to table II.

S/N = 60 aB

amgangan

_§F) o L 2 _ ‘ 3_ 4 - 5 _ discrimination
1 | 98 100 | 96 | 96 | 98 | 98
Y 98 100 100 100 | 98 k

3 " 90 100 98 92' 926 100 |
4 100 100 98 92 98 100
5 100 98 | 98 100 100 100
6 94 98 96 |- 100 98 100 )
100 98 98 100 98 100
100 100 96 100 96 98 ]
9 92 100 100 98 98 96

10 94 98 100 | 96 98 | 100

X 96.60 | 99.00 | 98,00 | 97.60 |98.00

s 3.78| 1.05 1.63 ] 3.24 1.33

S/N = 5 dB

subject ' Maximum T
Ne ! 1 ! 2 ! 3 ' 4 . ! 5 gifcc;‘]:ijlgﬁation
1 91 100 88 HWM$86 77 86
2 95 98 100 | 60 53 86
3 100 83 100 90 68 84
4 | 100 o8 93 - 47 86
95 100 100 70 78 80 .
95 85 100 49 37 82

7 100 100 77 - 76 ‘g

8 100 90 74 | 60 50 84

9 100 | 89‘ 84 55 63 o 76 )

10 1odt “_83 ) 93 78 | 51 82

297760 | 92760 |90.90 | 68.50 |60.00
STTTTITET T3y | 14.97  |[14.41




Appendix E

Table E-XXI. Normalized discrimination of the patholo-
gical group in Experiment IIT. Complete logatoms.
Time constants according to table II.
S/N = 60 dB

x, - R 2 T s

subject | \ . - Max imum
go ll1_ T2' ) r‘[3 P4 15 ~labsolute

. I o | N _ o discr%@ination
1 66 | 83 86 91 100 , 70 3
3 73 80 98 | 100 90 . 80
4 95 97 92" 100 84 74
5 62 38 46 100 46 26
7 84 96 96 100 94 1.00
9 85 85 92 73 100 52
X 77.5 | 79.8 | 85.0 | 94.0 85.7 |
. 12.6 | 21.6 19.5 | 10.9 20. 4

s/N = 5 dB

subject ‘ ' Maxigum

t

No Tl T2 'I‘3 T4_. T5 . %§§%£3m1m1
1 94 72 100 72 61 36
3 95 73 100 - 91 59 44
4 81 70 84 100 86 74
5 70 90 | 8o 100 70 20
7 98 98 100 98 74 84
9 100 92 75 87 87 48
% | 89.7 | 82.5 | 89.8 91.3 72.8
S 11.7 | 12.2 | 11.5 10.8 12.0




Appendix b

Table E-XXII. Normalized discrimination of the patholo-

gical group in Experiment III, Initial consonants.

Time constants according to table II.

S/N = 60 dB
A N s ciscrimination
1 81 | 100 88 98 | 96 96
s | s | s2| o8 | 300 08 | 96 .
4 91 96 93 96 100 9.2
93 90 85 | 100 90 80 ;
90 | 100 | 98 100 98 100 i

9 100 90 95 | 90 100 84

X 90.8 | 94.7 .m92.8 wﬁ;;.3 “;7.0

s 6.1 4.7 5.3 3.9 3.7

S/N = 5 dB

subject ng%ga ‘
No ‘I‘l T2 T3 T4. TS lscrimanation
1 100 81 | 100 Y. 86 74

3 98 93 100 90 88 80
4 89 89 91 98 100 94
5 92 76 95 100 82 76
7 89 91 | 100 94 89 94 N
9 90 100 95 93 88 84

X 93.0 86.3 | 96.8 | 95.3 88.8

s 4.8 8.6 3.8 3.7 6.0




Appendis B

Table E~-XXIII. Normalized discrimination of the patholo-
gical group in Experiment III. Vowels.

Time constants according to table II.

S5/N = GO 4B

R e it o N B O LR TR Y S = b . -‘7 =
N ] Maxiimm

Csubaect . T M 7 ] Psolate

NO l 2 '3 (l b Abhso lace

i i o tdiscrimination

Ty

T T T R S L T LD DR ot SIS S ST i P T i =

L::«:-'Z‘;ZZT;II;I T e e T T T T LTI I AT U BT
1 88 | 92| 92 88 | 100t 96 _ .

I 83 i .96 91 91 o 20092

4 98 | 100 96 98 91 .94

ey =

5 85 44 78 100 59 54

s e s

7 94 100 98 100 98 100

9 85 100 98 95 90 80

88.8 88.7 92.2 95.3 89.7
5.9 22,1 7.5 5.0 15.9

»al

S/N =5 dB

subject ' g §HW@

F 1 1] 3~ e o
No T T2 13 gl ' 15 iscriminatior

1 75 100 100 89 83 72

3 - 84 76 89 100 89 76

4 83 89 93 98 100 92

5 58 100 83 83 92 48

7 - 88 24 98 100 94 98 -

9 90 90 86 90 100 Bl

X 79.7 91.5 91.5 | 93.3 93.0
11.8 8.9 6.7 7.0 6.6




Appendix N

Table E-XXIV. Normalized discrimination of the patholo-
gical group in Experiment. III. Final consonants.
Time constants according to table II.
S/N = 60 4B

N —
sulyject
No

3

£ 4 e

Ty

80

86

R ST R S

T

85

84

TS TR AR

g3

Maximum
absolute

digoriminacion

N R i Ao i o T P s T T

80

86 .

98

4 100 87 | 87 . 9Ll .85 . 94
5 88 91 100 81 | 91 64

7

92

9

94

91

96

100

100

97

86

70

% | 90.0 | s9.d 96.7] 92.7 92.2
S 6.9 4.5 5.0 8.0 6.1
S/N = 5 dB
: Maxi
sugject ' qbséwﬁ%e .
[s) 'I'l T2 P3 T4 T5 Giscrimination
1 100 97 87 90 74 62
3 95 100 89 89 61 76
4 91 80 80 100 80 90
5 100 91 91 97 75 64
7 96 94 94 100 79 94
9 100 94 88 82 91 6.8
X 97.0 | 92.7 |[88.2 93.0 76.7
3.7 6.7 4.7 7.2 9.8




Figure F-1.

. Appendix F

Confusion matrix for the final consonant discrimina-
tion of the pathological group in Experiment I.

Time constant gcombination Tl according to Table I.
S/N = 5 adB.

LIST = 064 12 LISTS

' \QiiMULUS
ANSWERN 7 B P G P T K H F SSJTd J V R M NNG L POS
? .. .2 . 3 3 2 . . 2 . 5 6 8 1 5
12 ¥ 13 9 112 7 4 . 2 4 .
B . 2 3 o 2 . 1 . 1.
D 11 22 5 1 1 2 2 1 1
G . 223 . 2 . v 7 3
P 1 .21 1. 1 . .
T 6 . 5 81 8 3 . 2 1
K 5 1 12 9 75 3 6 1 2 1
H . .
F .1 7 2 .1 .
S i 5 92 1 1 3 2
Sd . 3. .1
Td 1 .2 . . . .
J 1 1 1 13 . . T 1 1
V 8 3 1 1 12 5 2 .
R . 1 1 1 4 1 . 1% . 2 . 3 .
M 1 - 7T 6 1 1
N 2 1 2 22 3
NG . . 5 5 8 .
L 2 i 113 3 ¢ 3I 71
POS3 5 5 8 9 1 2 .1 ..



Appendix F

Figure F-2. Confusion matrix for the final consonant discrimina-
tion of the pathological group in Experiment I.
Time constant combination Ty according to Table I.
S/N = 5 dB.

\éiifULUS LIST = 072 12 LISTS
ANSWERN 7 B D G P T K H F 85 8JTJd J v R M N NG L POS
? 1 5 . . . . 4 . . . 3 5 89 b,
. 13 y 25 12 . £ T .13 4 . 4 5 .
B t 5 1 11 1 2 1
D 7 116 3 1 . 3 1
G . 1 819 . . . . . 3 2 1 2
P 1 1 10 T 5 2 5 . . . . .1 . .
T 20 . 2 . 10 57 25 218 . . h .1 v .
K L . 112 16 54 y 12 1+ . 1 2 3
H .
F 1 . 43 b 12
5 1 1 13 2 1 49 1 .
SJ . . . - .
Td . 1 .
d 1 1 6 . 2
v 9 1 1 10 . 11 .
R by 2 3 5 1 1 .58 . 2 . 1
y| . 711 3
N 1 . 9 3¢ 3 .
NG . . 2 310 1
L . i 1 T 1 T 1 69
PO3 ) 2 15 9 3 1



Appendix F

Figure F-3. Confusion matrix for the final consonant discrimina-
tion of the normal hearing group in Experiment II.
Time constant. combination Tl according to Table TI.
S/N = 5 dB.

\EiifULUS LIST = 064 10 LISTS
ANSWERN ? B D G P T X H F SSJTJd J V R M NNG L POS

?

. 2 7 . . 4 . . 2 4 1 W 2 2
B 1T 2 1 1 . 2 101 1
D 6 28 1 oL 1
G 1 2 22 . 13 1 4
P . 28 . . . e e e e e
T 8 1 .89 1 L L. . . . . . .
K 5 301 71 . . . . e e e e e
H . e . e e . . . .
F 1 4 1 8 1 2 1 1
S 1 §y 92 . 1 1

Sd 1T .

Td 1 . . .
J 3 . 1. 19 1 1 . 1
v 12 2 1 1T 8 . 2 3 2
R 1l 58 1 1 . 1
M 1 . 9 8 2 2
N 1 2 . 8 29 4 3

NG . 1 . 3 9 .
L 1 1 2 1 7 2 4 253

POS 3 6 6 Y 1 1



Appendix r

Figure F-4. Confusion matrix for the final consonant discrimina-
tion of the normal hearing group in Experiment II.

Time constant combination T5 according to Table I.

S/N = 5 dB.

\inﬁULUS LIST = Q72 10 LISTS
ANSWERN\ 7 B D G P T K H F 8SS8SJTJd J V R M N NG L POS

?

.
.

2 6 6 . . 3

: 5
B L 304
]
> 9 126 3 1 ;o L
15 14 . 11 :
P 1 . 5 2 1 oo !
E 33 5 72 8 1 1t 11
112 11 60 2
H ) ] L 3 1 1
g 2 1 i 7 07 1
3 i 4
SJ 85
14 :
2
J 5 1 *
: 13 .
g 6 1 3 2 1 A ; 2 1
M ; 1 2 57 2 . 2
NG i 1 .12 36 5
L ; ’ 11 3 6
11 3 2



Appendix F

Figure F-5. Confusion matrix for the final consonant discrimina-
tion of the pathological group in Experiment ITI.
Time constant combination T3 according to Table I.
S/N = 60 dB.

\QiifULUS LIST = 070 6 LISTS
ANSHERN 7 B D G P T K H F S sJ Td J V R M N NG L POS

?

5 05 . 1 6 6 . . 1 . . o1t 2 . 35 . 2
B . .oob . . . . . . . . . . . . . . .
D D O S B T N 1
G 1 1. 1
P 14 2
T 2 1 2 38 U 1 1
K 1 3 9 39 1 2
H A
F 2 1
S 1 52 1
Sd
Td .
J 1 ] 1 11 A
v 3 3 1 T L 2 .
R 1 2 1 38 1 2
M . . 6 3
N . 10317 1
NG 1 . 6 3 9 .
L 2 . 3 . 36
POS 2 3 1



Appendix F

Figure F-6. Confusion matrix for the final consonant discrimina-
tion of the pathological group in Experiment II. Time
constant combination T5 according to Table I.
S/N = 60 dB.

\E:ifULUS LIST = 064 7 LISTS
ANSWERN\ ? B D G P T K H F S8SS8JTJ J V R M N NG L POS

? . . e . - e e e
Yy 212 8 . . 4 . . 4 N

. . 1
B 2 1 5 . 1 . . .
D 2 115 13 1 . 2
G 2 12 . i . 11 .
P 13 8 1
T h 4y 36 3 2 8 2 2 .
K 3 4y 12 47 3 5 1 1 3
H . . .
F 1 6
5 1 1 48 .
SJ
Td - . . . . . . . .
J 1 1 10 1 . . . . 1
v 7 1 . 8 1 4 i .
R 1 2 1 32 . 1 2
M . 1 2 7 6 .
N 1 . 116 2 1
NG . .4 n 7 0
L . 1 Y 3 5 1 42
POS 14 T 9 2 1 1



