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Consonant confusion matrices were obtained from 22 outpatient listeners with 
sensorineural hearing loss for four sets of CV and VC nonsense syllables, presented 
monaurally at SRT + 40 dB. Testing was typically conducted for six hours on each 
of two separate days. Overall performance and patterns of confusions were stable 
over time. Analysis of the matrices in terms of phonological features indicated that 
the patterns of consonant confusions varied both with degree and configuration of 
the subject's loss. Scaling of intersubiect similarity using a pairwise multidimensional 
scaling analysis resulted in consistent classification of subiects according to audi- 
ometric configuration into three groups-essentially normal hearing, fiat or rising 
audiograms, and high-frequency hearing losses. 

Although it is generally acknowledged that sensorineural hearing impair- 
ment is often accompanied by a loss of speech-recognition ability (typically 
measured as the percentage of monosyllabic words correctly recognized),  
relatively little research has been carried out documenting the nature of the 
speech-recognition loss. Most clinical research on speech perception has been 
concerned with the prediction of word-recognition scores and speech reception 
thresholds from audiometrie data; the comparability of various clinical tests 
of word-recognition with different types of patients and different testing con- 
ditions; or the effects of instrumental distortions, such as noise or filtering, on 
word-recognition performance. A common finding of studies in the first cate- 
gory has been that  word-recognition performance is not well predicted by 
audiometric data. However, the dependent  variable analyzed has almost al- 
ways been the patient's level of performance, that is, a word-recognition score. 
While such scores have utility for estimating the degree of handicap a patient 
suffers, they do little to illuminate the nature of the speech-recognition 
problem. 

For both practical and theoretical reasons, it is important to examine the 
kinds of errors a patient makes (when he makes errors) and to determine 
whether  audiometric configuration, or other variables, are related to the errors 
in a systematic way. Only recently has there begun to appear research de- 
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scribing phonemic confusions in patients with hearing loss and relating the 
confusions to other characteristics of the patient. 

Oyer and Doudna (1959) analyzed errors made by patients with either 
conductive or nonconductive losses while responding to W-22 lists. They 
found that the two groups showed similar patterns of confusion, although the 
conductive patients were more consistent in their errors over time. They also 
noted that sound omissions and insertions were more frequent in word-final 
position than in word-initial position. In a similar study contrasting patients 
with acoustic trauma, Meniere's syndrome, presbycusis, and sensorineural loss, 
Schultz (1964) found that phonemic confusions were so infrequent and so 
idiosyncratic, both within and between diagnostic groups, that their usefulness 
for diagnostic purposes was not supported. Lawrence and Byers (1969) also 
reported idiosyncratic confusions for individual patients. They gathered ex- 
tensive confusion data on five subjects with high-frequency hearing losses. The 
listeners' task was to identify consonant-vowel nonsense syllables formed by 
combining the voiceless fricatives/f, s, f, 0 /wi th  vowels/i, e, o, u/. They did 
note, however, that confusion patterns for the individual listeners stabilized 
rather quickly, with the largest number of errors occurring in the first testing 
session. 

Extensive analyses of phonemic errors have been made by Owens and his 
colleagues (Owens and Schubert, 1968; Owens, Benedict, and Schubert, 
1972; Sher and Owens, 1974). Using a multiple-choice word-recognition test, 
they compared phonemic error rates and phonemic confusions for patients 
with distinctly different audiometric configurations. Owens et al. (1972) 
found that identification of /s/ in both initial and final position, a n d / t /  and 
/0/ in initial position seemed highly dependent on the frequency range above 
2000 Hz, and that identification of initial and final /f, t f, ds/ was heavily 
dependent on the frequency range between 1000 and 2000 Hz. They also noted 
that across all configurations the most frequently occurring confusions were 
the same. Thus, the likelihood that an error would occur was dependent, at 
least for some phonemes, on the configuration of the audiogram, but the 
specific error which was most likely to occur was the same for all groups. Of 
especial interest was the finding that the performance of normal-hearing sub- 
jects listening through a 780-Hz low-pass filter was highly similar to that of 
the comparable patient group. Subsequently, Sher and Owens (1974) con- 
firmed that normal-hearing subjects listening to speech low-pass filtered at 
2000 Hz could not be distinguished from listeners with a comparable high- 
frequency hearing loss with respect t o  phonemic error rates or phonemic 
confusions. 

The research reported here was designed to explore systematically the 
nature of consonant confusions in patients with sensorineural hearing loss. All 
of the consonant phonemes of English were studied using both CV and VC 
nonsense syllables as stimuli, and employing a 16-alternative forced-choice 
response task. Nonsense syllables were used, rather than words, in order to 
maximize the contribution of acoustical factors to confusions and to minimize 
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the contribution of linguistic factors. 
Specifically, the study was concerned with three questions. First, are con- 

fusions sufficiently stable, over time and stimulus sets, that it is possible to 
describe, in a general way, the nature of a single patient's discrimination loss? 
To answer this, we obtained consonant confusions for four different sets of 
nonsense syllables on two occasions. Consistency of performance over time and 
stimulus sets was evaluated by a comparison of phonemic-error rates and 
phonemic confusions. Secondly, to what extent are confusion patterns idio- 
syncratic, and to what extent do patients fall into natural groups on the basis 
of these patterns? Our approach to this question was to compare the feature 
analyses of different patients with one another and to derive a measure of in- 
tersubject similarity based on these analyses. An advantage of feature analysis 
in this context is that it incorporates both the information about error rates for 
specific phonemes and the information about specific confusions into a single 
analysis and it permits asymmetries in the confusion matrix to be taken into 
account. Multidimensional scaling of the similarity measures was then used 
to determine whether patients showed a tendency to group themselves in a 
systematic way. If we could show that patients do tend to group themselves, a 
third question we wished to explore was whether such groups might not have 
other characteristics in common such as audiometric configuration. 

M E T H O D  

Subiects 

The subjects were 22 patients, recruited from among those seen in the 
Audiology Department of Eye and Ear Hospital of Pittsburgh. We attempted 
to obtain subjects with elevated SRTs, reduced W-22 scores, and a variety of 
pure-tone audiometric configurations. A summary of descriptive and audio- 
metric data for each subject is presented in Table 1. Three subjects (04, 05, 
and 20R) showed no evidence of hearing impairment and were included as 
normal control subjects. Only one subject (20) was tested in both ears. 

Syllable Sets 

Four different syllable sets were used. Each consisted of 48 nonsense 
syllables formed by combining 16 consonants with three vowels /i, a, u/. The 
consonants included in each set are shown in Table 2. Across all four sets a 
total of 129 different syllables was tested. These syllables represent all of the 
phonologically permissible CV and VC combinations of English consonants 
with the three vowels used. 

Speech System 

The speech system used for presentation of the syllables has been described 
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TABLE 1. Descriptive and audiometric data for subjects. 

Retest 
Subject Age Sex Interval 

Pure-Tone Thresholds (ANSI, 1969) Speech 

250Hz 500Hz l kHz 2 kHz 4 kHz 8 kHz SRT W-22 

01 55 F 6 days 50 dB 
04 35 F 4 mos. 10 
05 34  F 15 mos. 5 
07 49 F 4 mos. 10 
08 59 F 6 mos. 65 
09 53 M 7 mos. 25 
10 47 F 4 mos. 5 
i1 54 F 5 days 45 
12 42 F 1 mo. 15 
14 56 M - 15 
16 57 M 4.5 mos. 5 
17 54 F 1 mo. 20 
18 47 M 13 days 0 
19 55 M 1 day 10 
20R 63 F - 15 
20L 63 F 2 mos. 65 
21 49 F - 50 
22 4 7  M 5 wks. 55 
25 57 M 7.5 mos. 25 
26 53 M 6.5 mos. 35 
27 21 F 2-4 wks. 75 
28 46 M 6 mos. 15 
29 52 M 6.5 nms. 55 

45dB 50dB 50dB 25dB 15dB 26dB 92% 
5 0 5 10 15 --2 100 
5 15 5 5 0 - 2  100 
5 0 10 50 40 0 100 

70 75 75 95 90 65 88 
40 55 85 110 90 45 70 

5 10 15 60 45 2 96 
60 65 85 90 90 60 80 
25 20 20 30 15 16 96 
15 15 55 85 90 16 92 
0 10 15 35 50 8 100 

25 30 40 60 60 28 88 
15 95 110 110 110 24 50 
15 5 45 70 35 2 84 
5 : 0 0 20 10 0 100 

60 55 50 65 60 50 38 
40 45 55 100 90 40 54 
50 55 60 65 45 52 58 
15 15 60 65 60 15 74 
30 20 35 30 50 22 82 
65 65 40 30 65 48 - 
25 15 60 65 50 20 88 
55 55 50 20 35 48 88 

TABLE 2. Composition of four syllable sets. 

Set Consonants 

CV-1 
VC-1 
CV-2 
VC-2 

/p, t, k, b, d, 0, f, 0, s, J', v, 6, z, 5, tf, d5/ 
/p, t, k, b, d, g, f, 0, s, I, v, 5, z, 5, ti, ds/ 

/p, b, t, d, 1, r, f, s, v, z, m, n, h, h TM, w, j/ 
/p, b, g, ~j, m, n, f,O, s, I, v, 5, z, 5, tf, ds/  

in deta i l  by  W a n g  and  Bilger (1973) .  Briefly, each of the 129 nonsense 
syllables was  p e r m a n e n t l y  recorded,  by  a male  speaker ,  on the  addressab le  
vocabu la ry  d r u m  of a Cogni t ronics  Speechmaker .  A specially des igned  control  
system ope ra t ed  the  Speechmake r  in accordance  wi th  specifications p rov ided  
by  the  exper imente r  for each  trial. O u t p u t  f rom the  S p e e c h m a k e r  was  cali- 

b r a t e d  by  m a t c h i n g  the  average  peak  VU read ing  ob ta ined  for the syllables 
wi th  tha t  of a 1000-Hz tone. The speech signal was  ga ted  by  an electronic 

switch (GS-1287)  wi th  a rise t ime of  1 msec,  amplified,  a t t enua ted ,  and  fed  

to a passive four -way  splitter. (A l though  subjects were  a lmost  a lways  tes ted  

individual ly,  the system was  capable  of tes t ing four  subjects s imul taneous ly . )  

The  signal was  then  de l ivered  to a console housed  in a sound- t rea ted  booth  
( IAC-401A) ,  f rom which  it was  led to a single T D H - 4 9  ea rphone  m o u n t e d  in 

an M X - 4 1 / A R  cushion. An ident ical  phone  was  used  as a d u m m y  for  the  

cont ra la te ra l  ear. Two  subjects (20L and  27) ,  however ,  r equ i red  cont ra la te ra l  
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masking in the better ear. For these subjects, a broad-band masker (GS-455C) 
was amplified, attenuated, and delivered continuously through the dummy 
phone. 

Procedure 

A single test run consisted of 96 items from one syllable set. Syllables were 
presented at approximately 40 dB above the subiect's SRT, unless the 
maximum of the system (120 dB) was reached or the subiect requested a 
lower level. Within each run, each of the 48 different syllables in a set (16 
consonants X 3 vowels) was presented twice, and the order of the syllables 
was completely random. 

The subiect was seated before a response console with a 4 • 4 array of 
response buttons, each labeled with a different consonant sound in conven- 
tional orthography. To the left of this array, a list of monosyllabic cue words 
was available for reference throughout the test session. Before each new 
syllable set was introduced, the experimenter illustrated the sound cor- 
responding to each response button, referring the subiect to the cue words 
when necessary. In addition to the response buttons, there were three 
coincidence indicators labeled Warning, Observe, and Answer. On each trial 
of a test run, there was a 500-msec warning interval, and a 511-msec observa, 
tion interval during which the test syllable was presented. The subiect re, 
sponded by pressing one of the 16 response buttons. A 200-msec feedback 
interval followed, during which a green light in the upper portion of the 
correct response button was lit. 

Each test day was divided into a morning and an afternoon session sepa- 
rated by a one-hour lunch break. In the morning the subiect completed three 
test runs on each syllable set in turn. The order of the sets was varied so that 
CV and VC sets always alternated. The order of presentation of the sets was 
varied systematically across subiects , although strict counterbalancing was not 
achieved. In the afternoon, two additional test runs were completed for each 
syllable set. 

Each subject was invited to return for a second day of testing. Retest in- 
tervals varied from one day to 15 months (see Table 1). Although the goal of 
the experiment was to obtain five test runs (480 responses) per syllable set 
on each of two days, four subiects were either unable or unwilling to complete 
the entire protocol, and thus only partial data are available for them. 

Consonant confusion matrices were constructed for each listener on each 
syllable set. Subsequent analyses were based on these individual confusion 
matrices. Copies of these matrices can be obtained from the authors. 

R E S U L T S  

Mean scores (percent correct) are presented in Table 3 as a function of 
syllable set and test run for the 19 subiects who completed both full days of 
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TABLE 3. Mean scores (g correct) for test runs and syllable sets. 

Syllable Test Run 
Set Day 1 2 3 4 5 Mean 

CV-1 1st 41.00 4 3 . 6 6  4 5 . 9 3  4 6 . 7 2  4 7 . 1 7  44.90 
2nd 4 4 . 8 7  4 6 . 5 9  46.90 4 7 . 9 8  4 8 . 2 4  46.92 

VC-1 1st 50.66 5 4 . 9 5  5 5 . 8 4  5 4 . 8 8  5 6 . 3 3  54.53 
2nd 5 7 . 8 2  6 0 . 0 5  6 2 . 7 4  6 1 . 0 2  6 2 . 0 3  60.73 

CV-2 1st 52.09 5 6 . 2 9  5 8 . 7 4  6 0 . 0 2  6 0 . 9 0  57.61 
2nd 61.08 6 2 . 3 1  6 3 . 1 4  6 2 . 1 6  6 3 . 8 1  62.50 

VC-2 1st 48.56 5 0 . 7 6  5 3 . 1 3  5 2 . 4 0  5 4 . 6 3  51.90 
2nd 55.01 5 9 . 0 1  5 9 . 0 6  5 8 . 0 0  6 1 . 1 1  58.44 

testing. Several aspects of Table 3 require comment. First, a comparison of 
these consonant-identification scores with the W-22 scores in Table 1 replicates 
the well-known result that nonsense syllables are more difficult to identify 
than monosyllabic words (Hirsh, Reynolds, and Joseph, 1954). Second, the 
comparison of means for syllable sets CV-1 and VC-1, which contain the same 
16 consonants, indicates that  those consonants were more identifiable in the 
VC than in the CV context. This result, which replicates our earlier finding 
for normal-hearing subjects (Wang  and Bilger, 1973), appears to be in con- 
flict with the generally accepted finding that initial consonants are more 
identifiable than final consonants (Owens et al., 1972). While the present 
result may be specific to the talker used here, we would add that  the studies 
that  find initial consonants more identifiable than final consonants have con- 
sistently used monosyllabic words, primarily CVC in form, as stimuli. We 
would suggest that  this apparent disparity is not an inconsistency but  evidence 
of the difficulty of generalizing from CVC monosyllabic words to VC non- 
sense syllables. For example, the final consonant in CVC words is often poorly 
articulated (Silverman and Hirsh, 1956) and its identification can be based 
on linguistic structure rather than acoustic energy. Also in the present con- 
text, we suspect that the vowel in VCs provided an alerting signal not present 
in the CV context. 

Stability of Performance over Time and Syllable Sets 

Although we were  not primarily interested in each subject's overall level 
of performance on the four syllable sets, since feedback was provided through- 
out the experiment, we wished to determine whether there were any learning 
or practice effects. Significant effects were obtained for syllable sets (F -- 14.39, 
df = 3,54), days (F  = 40.52, df = 1,18), and test runs (F  = 21.51, df = 
8,144), p < 0.01 in all cases. 

Reliability of performance across syllable sets and time was also assessed. 
From the analysis of variance an estimate of reliability across syllable sets 
was obtained, c~ = 0.890 (Cronbach, 1971). Test-retest correlations for the 
four syllable sets were: CV-1, 0.979; VC-1, 0.960; CV-2, 0.985; and VC-2, 
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0.960. Clearly, from a psychometric standpoint, individual differences be- 
tween subjects on a consonant discrimination task are highly reliable. 

The stability of the consonant confusion matrices for individual subjects, 
however, is of most direct concern here. To evaluate the stability of individual 
subjects' confusion matrices, two correlations were calculated. In the first 
correlation, the entries on the main diagonal of the confusion matrix for one 
day were correlated with those for the second day to determine the extent to 
which the relative difficulty of consonant phonemes is predictable from one 
occasion to the next. The second correlation utilized all of the cells of the con- 
fusion matrix to determine the extent to which the frequencies of both correct 
responses and specific confusions are predictable from one occasion to the 
next. (These correlations are analogous to test-retest reliability coefficients, 
but they cannot be treated as reliabilities, because they were computed within 
a single subject and not across a group of subjects. ) The results of these cor- 
relational analyses are summarized in Table 4. Both correlational measures 

TAaLF. 4. Stability coefficients for consonant confusion matrices. 

Type of Syllable Set 

Coefficient CV-1 VC-I CV-2 VC-2 

Diagonal 
Median 0.910 0.832 0.842 0.850 
R a n g e  0.425-0.970 0.577-0.970 0.585-0.955 0.587-0.959 

Matrix 
Median 0.937 0.928 0.925 0.942 
R a n g e  0.609-0.979 0.594-0.982 0.622-0.992 0.619-0.979 

suggest that the present data were highly stable, although the matrix correla- 
tions are inflated to some extent by the large number of cells with zero fre- 
quencies. (Because the distribution of frequencies over all 256 cells of the 
confusion matrix was clearly not normal, the correlations were not tested for 
significance. They are reported only as descriptive statistics. ) 

From the foregoing analyses it is clear that the consonant-identification task 
produces highly stable patterns of performance in individual subjects. Except 
for purposes of auditory rehabilitation, however, prediction of specific con- 
sonant confusions is of little interest. Rather, it would seem desirable to em- 
ploy a data reduction technique which permits both a qualitative and a 
quantitative comparison of confusion matrices for individual subjects. 

To accomplish this we have analyzed the data in terms of transmitted in- 
formation, using a sequential information analysis (SINFA) to describe 
patterns of phonemic confusions in terms of phonological and articulatory 
features that we have described previously (Wang and Bilger, 1973). There 
we pointed out that the use of phonological and articulatory features to de- 
scribe phonemic confusions does not imply that such features can be con- 
sidered to be perceptual constructs. This is because such features do not show 
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sufficient c o n g r u e n c e  across l i s t en ing  cond i t ions  a n d  sy l lab le  sets to  s u p p o r t  

t he i r  s ta tus  as p e r c e p t u a l  cons t ruc ts .  H o w e v e r ,  t h e y  can  p r o v i d e  a r e a d y  basis  

for  s u m m a r i z a t i o n  of confus ions  a n d  it is in  this  sense t h a t  t h e y  are  e m p l o y e d  

here .  

Feature Analysis of Confusions 

T h e  fea tu res  u sed  to a n a l y z e  the  p r e s e n t  da t a  are iden t i f i ed  w i t h  respec t  to  

the  consonan t s  u sed  in T a b l e  5. Es sen t i a l l y  these  f ea tu res  are  those  d e s c r i b e d  

TABLE 5. Features specified for the sequential information analysis. 

Phoneme Voc Cons High Low Back Cot Ant Voi Nas Cont Str Rnd Fric Dur Pl Sib. 

p 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
t 0 1 0 0 0 1 1 0 0 0 0 0 0 0 1 0 
k 0 1 1 0 1 0 0 0 0 0 0 0 0 0 4 0 
b 0 1 0 0 0 0 1 I 0 0 0 0 0 0 0 0 
d 0 1 0 0 0 1 1 1 0 0 0 0 0 0 1 0 
9 0 1 1 0 1 0 0 1 0 0 0 0 0 0 4 0 
f 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 0 
0 0 1 0 0 0 1 1 0 0 1 0 0 1 0 1 0 
s 0 1 0 0 0 1 1 0 0 1 1 0 1 1 2 1 

0 1 1 0 0 1 0 0 0 1 1 0 1 1 3 1 
v 0 1 0 0 0 0 1 1 0 1 1 0 1 0 0 0 
5 0 1 0 0 0 1 1 1 0 1 0 0 1 0 1 0 
z 0 1 0 0 0 1 1 1 0 1 1 0 1 1 2 1 
5 0 1 1 0 0 1 0 1 0 1 1 0 1 1 3 1 
tf 0 1 I 0 0 1 0 0 0 0 1 0 1 0 3 1 
d5 0 1 1 0 0 1 0 1 0 0 1 0 1 0 3 1 
m 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 
n 0 1 0 0 0 1 1 1 1 0 0 0 0 0 1 0 
~ 0 1 1 0 1 0 0 1 1 0 0 0 0 0 4 0 
r 1 1 0 0 0 1 0 1 0 1 0 0 0 0 1 0 
1 1 1 0 0 0 1 1 1 0 1 0 0 0 0 2 0 
w 0 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 
h 0 0 0 1 0 0 0 0 0 1 0 0 1 0 4 0 
h w 0 0 0 1 0 0 0 0 0 1 0 1 1 0 4 0 
j 0 0 1 0 0 0 0 1 0 1 0 0 0 0 3 0 

b y  Mi l le r  a n d  Nice ly  (1955)  and  C h o m s k y  a n d  H a l l e  (1968) .  T h e  p lace  

f e a t u r e  we  used,  howeve r ,  was  W i c k e l g r e n ' s  (1966)  f ive -va lued  ex tens ion  of 

t he  Mi l le r  a n d  Nice ly  p lace  fea ture .  I n  a d d i t i o n  to t he i r  fea tures ,  t he  f e a tu r e  

of s ib i l ance  is also i nc luded ,  b e c a u s e  p rev ious  p e r c e p t u a l  s tudies  w i t h  no rma l -  

h e a r i n g  subjec ts  h a v e  i n d i c a t e d  t ha t  it is p a r t i c u l a r l y  wel l  p e r c e i v e d  (S ingh ,  

W o o d s ,  a n d  T i s h m a n ,  1972; Singh,  Woods ,  and  Becker ,  1973; S ingh  a n d  Singh,  

1972; W e i n e r  a n d  Singh,  1974; W a n g  a n d  Bilger,  1973 ). 

I t  is wel l  k n o w n  tha t  t he  s t imulus  f ea tu res  t hemse lve s  ( see  T a b l e  5) are  

no t  i n d e p e n d e n t  of one  ano ther .  R e d u n d a n c y  in the  s t imulus  f ea tu res  com- 

p l i ca te s  the  i n t e r p r e t a t i o n  of p e r f o r m a n c e  on specific fea tures ,  b e c a u s e  i t  is 

no t  k n o w n  w h e t h e r  p e r f o r m a n c e  on a p a r t i c u l a r  f e a tu r e  m a y  be  a t t r i b u t e d  
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to performance on another closely related feature. To circumvent this problem 
we have analyzed the confusion matrices using sequential information analyses 
(SINFA) that we have described elsewhere (Wang and Bilger, 1973). 

Input to the analysis consists of the stimulus-response confusion matrix and 
a set of stimulus features. In the first iteration, the feature with the highest 
percentage of information transmitted is identified. In the second iteration 
the effects of this feature are partialed out and the remaining features com- 
pared. The feature with the highest percentage of conditional information 
transmitted is then identified. In the third iteration, the effects of both features 
previously identified are partialed out and the remaining features again com- 
pared. Iterations continue in this manner until one of three termination 
criteria is met. Output from the analysis consists of an ordered set of stimulus 
features and the (conditional) transmitted information associated with each. 
Since the effects of feature redundancy are partialed out in each iteration, the 
sum of the conditional transmitted information values represents the amount 
of transmitted information accounted for by the stimulus features (Wang and 
Bilger, 1973 ). 

An illustration of SINFA for Subject 1, CV-1 syllable set, is given in Table 6. 
Entries for the first iteration show that the amount of information available 
for transmission varies with the feature. The three-category place-of-articula- 
tion feature presents 1.561 bits of information, whereas the feature back 
presents only 0.544 bits. The amount of feature information transmitted is 
shown in the second column, and is expressed as a proportion of the available 
information in the third column. Relative to the other features, sibilance is 
very well perceived, 71.8~ of the available information having been trans- 
mitted. Accordingly, sibilance is identified as the most important feature in 
the first iteration. 

Entries for the second iteration indicate that the effect of holding sibilance 
constant is to reduce the available information for the other features. Stridence, 
frication, and duration are especially affected. The reduction in feature in- 
formation is equal to the redundancy of a given feature and the feature of 
sibilance. The second column gives the amount of conditional information 
transmitted, and the third column gives the proportion of conditional in- 
formation transmitted. It may be noted that the effect of holding sibilance 
constant is to reduce the proportion of information transmitted for some 
features and to increase it for others. This suggests that feature redundancies 
can either amplify or attenuate the apparent performance level associated 
with other features. Since entries in the third column indicate that voicing has 
the highest proportion of conditional information transmitted, it is the feature 
identified in the second iteration. 

Entries for the remaining iterations are analogous to those for the second. 
In the third iteration, the highest performance level is associated with the 
feature duration, and in the fifth, with the feature high/anterior. In the fourth 
iteration, the two features continuant and frication are indistinguishable, and 
the highest performance level is associated with them. Similarly, in the sixth 
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TABLe. 6. Sequential information analysis of consonant confusions for CV-1 syllable set, 
Subiect 1. 

Prop. 
Feature Feat. In[. Trans. Inf. Trans. Inf. 

Iteration 1 Hi./An. 0.954 0.462 0.484 
Back 0.544 0.050 0.092 
Coron. 0.955 0.200 0.209 
Voice 1.000 0.612 0.612 
Cont. 1.000 0.368 0.368 
Strid. 1.000 0.296 0.296 
Fric. 0.955 0.332 0.348 
Dur. 0.812 0.516 0.636 
Place 1.561 0.568 0.364 
Sibil. 0.954 0.685 0.718 

Cond. Cond. Prop. Cond. 
Feature Feat. Inf. Trans. Inf. Trans. Inf. 

Iteration 2; Hi./An. 0.740 0.318 0.429 
Constant: Sibil. Back 0.409 0.051 0.124 

Coron. 0.597 0.055 0.092 
Voice 0.979 0.637 0.651 
Cont. 0.940 0.395 0.420 
Strid. 0.447 0.081 0.180 
Fric. 0.597 0.212 0.356 
Dur. 0.343 0.174 0.507 
Place 1.240 0.370 0.298 

Iteration 3; Hi./An. 0.703 0.325 0.462 
Constant: Sibil., Voice Back 0.381 0.054 0.140 

Coron. 0.582 0.061 0.105 
Cont. 0.906 0.459 0.506 
Strid. 0.443 0.111 0.252 
Fric. 0.574 0.277 0.483 
Dur. 0.333 0.182 0.546 
Place 1.197 0.405 0.338 

Iteration 4; Constant: Hi./An. 0.576 0.209 0.363 
Sibil., Voice, Dur. Back 0.381 0.054 0.140 

Coron. 0.582 0.061 0.105 
Cont. 0.574 0.277 0.483 
Strid. 0.443 0.111 0.252 
Fric. 0.574 0.277 0.483 
Place 1.070 0.290 0.270 

Iteration 5; Constant: Hi./An. 0.487 0.180 0.370 
Sibil., Voice, Dur., Cont. Back 0.292 0.027 0.093 

Coron. 0.544 0.091 0.167 
Strid. 0.238 0.005 0.019 
Place 0.924 0.28~ 0.307 

Iteration 6; Constant: Coron. 0.431 0.085 0.198 
Sibil., Voice, Dur., Strid. 0.234 0.005 0.020 
Cont., Hi./An. Place 0.431 0.085 0.198 

i terat ion,  place and  coronal  are ind is t inguishable  and  have  the h ighes t  per- 

f o m m n c e  level. In  both  i terat ions  the  pai r  of features  is perfec t ly  r e d u n d a n t  

wi th  respect  to one ano the r  and  the choice of a single fea ture  na me  to repre-  

sent the result  of tha t  i tera t ion is arbi trary.  
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SINFA was performed on each confusion matrix for each subject. Since 
the matrices for the 19 subjects who completed the entire experiment were 
shown to be highly stable, matrices for the remaining four subjects, on whom 
only partial data were available, were analyzed also. SINFA summaries for all 
subjects on each syllable set are given in the Appendix. 

The SINFA summaries presented in the Appendix support two observations 
about patients' consonant confusions. First, subjects with approximately the 
same overall level of performance may achieve that level by different means. 
Second, subjects with different levels of performance may show similar fea- 
ture profiles. 

Consider Subjects 1 and 10. Although the percentage of information trans- 
mitted is about the same for both subjects, the stimulus features which are 
relatively well perceived are different. Subject 1 identifies sibilance, duration, 
nasality, and voicing very well, whereas Subject 10 shows more variability 
across syllable sets and does well on features such as anterior, back, and 
frication, in addition to voicing and nasality. Subject 11 resembles Subject 1 
in her relatively good perception of sibilance, duration, nasality, and voicing, 
although the percentage of information transmitted is lower for Subject 11 
than for Subject 1. 

Scaling of Intersubject Similarity 

Since a major goal of this study was to determine whether subjects with 
sensorineural hearing loss form homogeneous subgroups on the basis of their 
consonant confusion patterns, we quantified the degree of similarity between 
individual subjects and subjected the similarities to a pairwise multidimension- 
al scaling analysis ( Johnson, 1973 ). 

The similarity metric was based, therefore, on the results of the sequential 
information analysis. The results of a single analysis were coded as a vector of 
weights for each of the stimulus features. The feature identified in the first 
iteration received the highest weight; the feature identified in the last iteration 
received the lowest weight; and the features not identified in the analysis 
received zero weight. Since the average number of features identified varied 
somewhat with syllable sets (CV-1, 5.17; VC-1, 5.96; CV-2, 7.70; and VC-2, 
6.65), the maximum weight assigned varied from five to eight across the four 
sets. Whenever the number of features identified exceeded the maximum 
weight, the lowest ranking features were all assigned weights of one. 

The similarity between any two subjects was defined as the sum of the 
products of corresponding feature weights. This derived proximity measure 
(Shepard, 1972, p. 24) is closely related to the correlation between two sets 
of weights. For example, for Subject 1, CV-1 set, sibilance, voicing, duration, 
continuance, high/anterior, and coronal received weights from five to one 
respectively; for Subject 10, high/anterior, frication, voicing, and place re- 
ceived weights from five to two; and for Subject 11, voicing, sibilance, con- 
tinuance, high/anterior, and place received weights from five to one. The 
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resulting similarity measures for these three subjects were as follows: 1 and 
10, 17; 1 and 11, 48; and 10 and 11, 27. The effect of calculating the similarities 
in this way was to give greatest weight to the results of the earlier iterations 
and to allow all features which two subjects had in common to contribute to 
the measure. It is especially desirable to give low weight to features identified 
in the later iterations, since, as noted earlier, the feature names utilized in 
these instances are often arbitrary. 

Intersubject similarity was calculated for each of the 253 possible com- 
parisons in each syllable set. In order to assess the statistical significance of the 
similarity score for a pair of subjects, however, it was necessary to generate 
the distribution of all possible scores resulting from a random sampling and 
ordering of features. For example, since the mean number of features 
identified for the CV-1 set was 5.17, we generated the distribution of all pos- 
sible scores resulting from sampling five from a set of 10 features and as- 
signing a maximum weight of five to the first feature sampled. As can be 
seen in Table 7, this distribution has a mean of 26.4, a standard deviation of 

TABLE 7. Parameters of the theoretical sampling distribution of the similarity metric for 
each syllable set. The critical similarity is defined as the similarity at the 95th percentile of 
the sampling distribution. 

Syllable Number of Features Maximum Critical 
Set Features Sampled Weight Mean SD Similarity 

cv-1 10 5 5 26.4 9.8 43 
vc-1 10 6 6 47.4 14.4 72 
CV-2 16 8 8 99.3 28.8 148 
vc-2 11 7 7 75.1 20.3 109 

9.8, and scores greater than 43 occur less than 5% of the time. The parameters 
of the sampling distributions for the remaining syllable sets are also shown 
in Table 7. 

Since a similarity score greater than the critical value shown in Table 7 
occurs with p < 0.05 on the basis of random sampling, scores greater than the 
critical value were considered indicative of greater than chance similarity 
between subiects. Out of 253 possible comparisons for each syllable set, the 
percentage of scores exceeding the critical value was: CV-1, 39.5~; VC-1, 
14.6~; CV-2, 26.570; and VC-2, 21.3~. Since these figures are well above the 570 
significant comparisons which would be expected on the basis of chance, it 
was concluded that there were reliable similarities in consonant confusion 
patterns for some pairs of subiects. 

A pairwise nonmetric multidimensional scaling procedure (Johnson, 1973) 
was used to extract the patterns of intersubiect similarity. We were not in- 
terested in using scaling to redefine the perceptual dimensions of the con- 
sonants. The features used in the information analyses are quite compatible 
with the stimulus dimensions other investigators have found using multi- 
dimensional scaling methods. Given that we were primarily interested in the 
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similarities between the subjects, Johnson's (1973) procedure was chosen as 
an efficient method of deriving a subject space. The analysis was carried out 
separately for each syllable set, and in addition, an analysis was performed on 
similarities pooled across the four sets. The pooled similarity matrix was ob- 
tained by converting the similarity measures for each set to standard scores 
and summing across sets for each pair of subjects. 

The lack-of-fit measure for this analysis, | reflects the extent to which the 
rank order of original similarities matches inversely the rank order of inter- 
point distances in the scaling solution. The measure is similar to Kruskal's 
(1964) stress2 in that it varies from 0 to 1.0. Johnson (1973) conducted a small 
simulation study to determine the expected value of | with random input. He 
found that | varies with the number of subjects and the number of dimensions 
in the solution. We therefore conducted a simulation study of our own to 
determine the expected value of | with randomly generated similarities for 23 
subjects and a two-dimensional solution. For 10 simulations with random 
input, | varied from 0.387 to 0.495, with a median value of 0.461. Since the 
values of | obtained from our data were all considerably smaller than this, 
we accepted solutions in two dimensions as adequate. Although | appeared to 
decrease significantly with a three-dimensional solution for the two VC 
syllable sets, the two-dimensional solution appeared optimal for the CV 
syllable sets. Since our aim was to cluster the subjects rather than to identify 
or interpret the dimensions arising from the scaling analysis, only the two- 
dimensional configurations are reported here. 

The results of the scaling analysis for the pooled data from all syllable sets 
are presented in Figure 1. Since this configuration was based on all data from 
the experiment, we used it as a point of departure for determining whether 
subjects tend to form subgroups on the basis of their consonant confusions. 
Inspection of the configuration suggested that three clusters of points could 
be identified. One cluster consisted of six points with relatively low weights 
on both dimensions. The remaining two clusters were differentiated by their 
weights on Dimension 2. 

Since the scaling solution is unaffected by rotation or translation of the 
coordinate axes, the four configurations initially obtained for the individual 
syllable sets were modified, if necessary, to increase their similarity to Fig- 
ure 1. The resulting configurations are shown in Figures 2-5. In each of the 
five figures, points which tend to form clusters have been enclosed, and iden- 
tification of clusters for Figures 2-5 was guided by those identified in Figure 1. 

Inspection of the figures reveals that 13 subjects can be grouped consis- 
tently for all five analyses; seven subjects can be grouped consistently for four 
out of five analyses; and three subjects can be grouped consistently for three 
out of five analyses. Therefore, out of 115 classifications, only 14 could be con- 
sidered misclassifications. These misclassifications are indicated in the figures 
by underlining. In no case was a single subject classified in more than two 
groups. Nearly all misclassifications (12 out of 14) occurred for CV syllable 
sets and all but one involved misclassification into or out of Group A. Before 
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FzsznaE 1. Scaling solution of consonant confusions based on 
intersubject similarities pooled across all four syllable sets. The 
numbers shown here represent individual subjects and are used 
consistently in this and subsequent figures. For Subject 20, 
data for both the normal (20R) and the impaired ear (20L) 
are included. The lack-of-fit measure, #, appears in the upper- 
right-hand corner of this and subsequent figures. 

any attempt is made to determine if there are audiometric correlates of 
membership in these three groups, let us review the constituency of each 
group and summarize their performance in terms of the feature analysis we 
conducted. 

Group A consists of Subjects 4, 5, 12, 17, 20R, and 26. Sibilance is a well- 
perceived feature for these subjects. Nasality and high/anterior also are well 
perceived, although for two subjects, back rather than high/anterior is iden- 
tified in the VC-2 syllable set. For the CV-1 and VC-1 sets, frieation tends to 
be identified by the third or fourth iteration, as does voicing. Voicing is also 
identified in the VC-2 set, but typically in the very latest iterations. 

Group B consists of Subjects 1, 11, 20L, 22, 25, 27, and 29. In terms of their 
performance in the consonant-identification task these subjecl~s are character- 
ized by consistently good identification of the features sibilance, duration, and 
voicing, generally in that order. The feature high/anterior, or a closely related 
place-of-articulation feature, is consistently identified in later iterations for all 
syllable sets. The feature continuance is identified in later iterations for the 
CV-1 and VC-1 sets only. Finally, it is noteworthy that the feature nasality 
is not well identified and is identified late in the analyses if at all. 
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FIGURE 2. Scaling solution of consonant confusions based on 

intersubject similarities for the CV-1 syllable set. Underlined 
subject numbers indicate that a subject was misclassified for 
this syllable set. 

Group C consists of Subjects 7, 8, 9, 10, 14, 16, 18, 19, 21, and 28. Since this 
is the largest group, and since it contains the two subjects (16 and 28) who 
were classified least consistently, it is not surprising that there is somewhat 
more heterogeneity in this group. Moreover, the differences between indi- 
vidual subjects are most apparent in the CV-2 set which contains the largest 
number of features and the highest degree of feature redundancy. Perhaps 
the most notable characteristic of these subjects is their inability to identify 
sibilance. It is this which sets them apart from the other groups most clearly. 
Not only is sibilance not identified early in the analysis, it is generally not 
identified at all. Interestingly, four out of the five misclassifications of subjects 
in this group involve the presence of sibilance. Relative to the other groups, 
Group C perceives nasality very well. Voicing is prominent in those sets where 
nasality is not distinctive and is less well perceived than nasality when the 
latter is distinctive. With these exceptions, the performance of Group C is 
otherwise quite similar to that of Group A. 

Although the three groups of subjects described above do not differ radi- 
cally, there are sufficiently consistent differences in their performance on the 
consonant identification task to permit successful classification into subgroups. 
Since this is the case, we wished to determine whether membership in the 
various groups might be related to other characteristics of the patients. In 
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FZCUIaE 3. Scaling solution of consonant confusions based on 
intersubiect similarities for the VC-1 syllable set. Underlined 
subject numbers indicate that a subject was misclassified for 
this syllable set. 

particular we were interested in using audiometric test data to predict group 
membership. 

A summary of the audiometric data for the three groups of subjects is pre- 
sented in Table 8. Group A contains the three subiects designated as normal 
controls, 4, 5, and 20R. The remaining four subjects have mild pure-tone hear- 
ing losses ( ~  35 dB HL) up to 1000 Hz. For frequencies above 1000 Hz, 
there is more heterogeneity among the subjects (Table 1). As a group, these 
subjects have normal or very slightly elevated speech reception thresholds 
and normal or slightly depressed speech discrimination scores. Subjects in 
Group B have moderate to severe hearing losses for pure tones and the audio- 
gram is generally fiat or rising. The speech reception threshold is elevated and 
the word-recognition score, W-22, is the lowest of the three groups. The sub- 
jects in Group C may be characterized as having high-frequency hearing 
losses. For some subjects there is no loss at the lower frequencies; ~or others 
there is a substantial loss at the lower frequencies and an even greater loss at 
the high frequencies. With respect to speech reception thresholds and word- 
recognition scores this group falls between Groups A and B, although there 
is considerable variability within the group. 

Although the comparisons above suggest that patterns of consonant confu- 
sion can be reliably related to characteristics of a patient's audiogram, it is 
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FxcuaE 4. Scaling solution of consonant confusions based on 
intersubject similarities for the CV-2 syllable set. Underlined 
subject numbers indicate that a subject was misclassified for 
this syllable set. 

TABLE 8. Averaged audiometric characteristics of three subgroups of subjects. 

Pure-Tone Thresholds (ANSI, 1969) Speech 

Group 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz SRT W-22 

A 16.7 dB 1'5.8 dB 14.2 dB 17.5 dB 25.8 dB 25.0 dB 10.3 dB 94.3 dB 
B 48.6 50.0 51.4 56.4 51.4 52.9 42.7 61.4 
C 20.0 23.0 32.5 52.5 78.0 69.0 22.2 82.2 

important to bear in mind that  the grouping of subjects constitutes a post hoc 
analysis of the data and that the averaging of audiometric profiles tends to 
obscure individual differences (and inconsistencies) among subjects. The con- 
clusion would be strengthened if it could be shown that the group membership 
of an independent sample of subjects could then be predicted from audio- 
metric data alone. Fortunately, relevant data are available. As part of another 
study, Reed (1975) gathered consonant confusion data, for the VC-1 syllable 
set, on a sample of 12 subjects using the same equipment and procedures as 
in the present study. Descriptive and audiometric data for these subjects are 
presented in Table 9, together with the predicted group membership of each 
subject. 

A sequential information analysis was performed on the confusion matrix 
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FmURE 5. Scaling solution of consonant confusions based on 
intersubject similarities for the VC-2 syllable set. Underlined 
subject numbers indicate that a subject was misclassified for 
this syllable set, 

TABLE 9. Descriptive and audiometric data for additional subjects and prediction of group 
membership. 

Pure-Tone Thresholds (ANSI, 1969) Speech Pred. 

Subject Age Sex 250Hz 500Hz 1 kHz 2 kHz 4 kHz 8 kHz SRT W-22 Group 

AL 46 
B 42 
C 41 
D 45 
E 30 
F 33 

M 60dB 65dB 60dB 60dB 70dB 65dB 60dB 54% B 
M 60 50 60 50 60 30 42 84 B 
F 45 45 45 45 55 35 38 72 B 
M 60 55 55 45 50 45 50 64 B 
F 65 65 55 50 20 10 38 52 B 
M 55 65 65 60 80 75 66 48 B 

Mean 39.5 57.5 57.5 56.7 51.7 55.8 43.3 49.0 62.3 

AR 46 M 10 5 10 10 10 0 8 96 A 
G 50 F 15 10 5 5 5 15 0 100 A 
H 24 F 10 5 10 10 5 0 10 100 A 

Mean 40.0 11.7 6.7 8.3 8.3 6.7 5.0 6.0 98.7 

I 51 M 5 15 70 110 110 90 40 20 C 
J 49 F 15 25 75 75 80 70 48 48 C 
K 49 M 0 20 95 110 110 90 24 20 C 

Mean 49.7 6.7 20.0 80.0 98.3 100.0 83.3 37.3 29.3 
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FiavxaE 6. Rescaling of VC-1 consonant set based on our 
data plus the subjects of Reed (1975). Reed's subjects are 
identified by two upper-case letters, the first identifying the 
subject (A-K), and the second identifying predicted group 
membership (A, B, or C). For Subject A, data for both the 
normal (ARA) and the impaired ear (ALB) are included. 

for each subject; the results were coded as a vector of feature weights; and 
the data pooled with those of the original 23 subjects. The resulting 595-cell 
similarity matrix was analyzed by the Johnson procedure. The results are 
shown in Figure 6. 

Although the new configuration for the VC-1 set contains 35 points rather 
than 23, | is only 0.186. Because | would be expected to rise as points are 
added to the configuration (Johnson, 1973), we accepted the solution in two 
dimensions as quite adequate. 

Generally, the predicted groupings were obtained, although the results are 
much clearer for Group C than for the other groups. Subject KC perfectly 
duplicated his previous performance and was again classified in Group C. 
Subjects IC and j c ,  who also showed severe high-frequency loss and a steep 
audiogram, were easily included in Group C. 

Subject HA, the only new subject with bilaterally normal hearing, showed 
performance highly similar to that of two other normal controls, Subjects 4 
and 5. Two subjects who were predicted to fall in Group A, however, clearly 
belonged in Group B. It is interesting that both of these subjects, GA and 
ARA, had a fiat hearing loss in the opposite ear. Although the test ear was 
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normal, audiometric data for the opposite ear would have led to a prediction 
of membership in Group B. It may be seen that when subiect ALB was tested 
in the poorer ear, his performance did place him in Group B as expected. 

Of the remaining subiects , all were predicted to fall in Group B because of 
fiat (or upward sloping) audiograms. Although Subjects BB and CB could 
be included in Group A, it was also possible to place them in Group B without 
unduly misrepresenting the clusters. It is clear, however, that the results for 
these two subiects should be considered borderline. Subiects DB, EB, and FB 
fell in Group B as predicted. 

D I S C U S S I O N  AND C O N C L U S I O N S  

If the consonant-identification task is considered a test differentiating listen- 
ers in terms of performance level, it is clear that individual differences be- 
tween subiects are highly reliable over time and also over different sets of test 
materials. Although the level of performance may not be well predicted from 
audiometric data, it is dearly predictable from a limited sample of discrimi- 
nation responses. 

Although reliability coefficients emphasize the stability of individual differ- 
ences between listeners, we also found that subiects improve consistently with 
practice on the recognition task. This was true even when the test-retest inter- 
val was greater than one year. The implications of this finding for auditory 
rehabilitation need to be explored more fully. Specifically, it is necessary to 
determine the extent to which this improvement reflects increased familiarity 
with an artificial laboratory task, and the extent to which it reflects improve- 
ment in speech-recognition ability which will generalize to performance out- 
side the laboratory. 

When the consonant confusions of individual subiects were examined for 
consistency over time, it was found that they were highly stable. Both the 
relative difficulty of individual consonants and the relative frequency of spe- 
cific consonant confusions appear to be highly reliable. Similar findings by 
Lawrence and Byers (1969), based on four voiceless fricatives, may thus be 
safely generalized to all English consonants. This suggests that it should be 
possible to describe the nature of a single patient's speech-recognition prob- 
lem in some detail, and, possibly, to prescribe individualized auditory reha- 
bilitation training. 

When consonant confusion patterns are described in terms of feature iden- 
tification, two general findings emerge. First, similar patterns of feature per- 
ception may be observed in patients with very different levels of performance. 
The comparison of Subiects 1 and 11 discussed above is an example of this. 
Even more dramatic examples are provided by Subiects 9 and 26 for the CV-1 
set; Subiects 27 and 29 for the VC-1 set; Subiects 7 and 18 for the CV-2 set; 
and Subiects 7 and 9 for the VC-2 sets (see Appendix). Performance levels, 
defined in terms of the percentage of information transmitted, vary by as 
much as 56.4~ between members of these pairs, although relative importance 
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of the various features is highly similar. Second, subjects performing at rough- 
ly the same level do not necessarily show similar patterns of confusion. Sub- 
jects 9 and 27, for example, perform very poorly on all four syllable sets, yet 
they show reliably different patterns of perceptual confusion; Subjects 7 and 
20R perform very well on all four sets and also show different patterns of con- 
fusion. We can can thus conclude that the number of errors a patient makes, 
and the types of errors made, reflects relatively independent aspects of audi- 
tory functioning. 

Of greater interest, however, is the finding that intersubject similarities in 
patterns of perceptual confusion are systematically related to the subjects' 
audiometric configurations. Owens et al. (1972) also demonstrated that groups 
of patients with different audiometric configurations experience different de- 
grees of difficulty with certain consonants. Rather than group the patients on 
the basis of their audiograms at the outset, however, we chose the alternative 
approach of describing patterns of perceptual confusions for individuals, and 
determining, by means of multidimensional scaling, whether they tend to 
form homogeneous groups. The results clearly suggest that such groups do 
exist, and that group membership, with very few exceptions, is independent 
of the specific stimulus set used to test recognition. Whether group members 
have certain audiometric characteristics in common is an independent ques- 
tion. Inspection of the audiograms of the three groups suggested that they 
could be described as normal listeners or listeners with mild, fiat losses (Group 
A), listeners with moderate to severe fiat losses (Group B), and listeners with 
high-frequency losses (Group C). This conclusion was strengthened by a 
cross-validation in which the group membership of 10 out of 12 new patients 
was predicted on the basis of audiometric data alone. 

Although we have emphasized the audiometric similarity of subjects within 
Groups A, B, and C, these groups are not perfectly homogeneous, and the per- 
formance of a few subjects would not have been well predicted on the basis 
of their audiometric configurations. Although this does not alter our general 
conclusion that audiometric configuration and consonant confusions are re- 
lated, it does suggest that there are meaningful differences in consonant con- 
fusions between some subjects with similar audiograms. It is these differ- 
ences, we believe, which make at least a two-dimensional scaling solution nec- 
essary. One dimension appears to be sufficient for broadly differentiating 
among different groups of listeners. Dimension 2 in Figures 1-5 generally 
places "normal" listeners in the center of the configuration between the two 
more severely impaired groups. A second dimension is required in order to 
represent the residual differences between listeners within these groups. For 
this reason we have not attempted to label or further interpret the dimensions 
obtained from the scaling analyses. 

Our findings agree with those of Owens et al. (1972), in that listeners with 
high-frequency hearing loss had difficulty with sibilant consonants. With re- 
spect to consonant confusion, however, our results are in direct opposition to 
theirs. Owens et al. found that the specific errors which were most likely to 
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occur were independent  of audiometric configuration. Differences revealed by 
the feature analysis in the present study, on the other hand, suggest that  there 
is a relationship between audiometric configuration and pattern of consonant 
confusions. The most plausible explanation of the discrepancy between the 
two studies lies in the nature of the recognition task. Owens et al. obtained 
confusions using a multiple-choice word-recognition task. In the present study 
the stimuli were nonsense syllables and there were 16 alternatives on each 
trial. MoreoVer, the number  of trials per subject was greater in the present 
study. Thus, the task used here was probably more sensitive to different rates 
of phonemic confusion than the task used by Owens et al. 

Additional evidence concerning patterns of phonemic perception has recent- 
ly been reported by Walden and Montgomery (1975). Three groups of hear- 
ing-impaired listeners iudged the similarity of 190 pairs of CV syllables formed 
by combining 20 consonants with the vowel /a / .  The similarity iudgments 
were analyzed using the individual differences scaling analysis, INDSCAL. 
Walden and Montgomery found that the three groups of listeners (normal 
hearing, high-frequency loss, and fiat loss) were discernible in the three- 
dimensional space obtained from INDSCAL. Moreover, the stimulus dimen- 
sions found to be most important  for the three groups considered individually 
are consistent with the features found to be most important  for comparable 
groups in our study. The only exception to this was their finding that sibilance 
was a relatively important  dimension for listeners with high-frequency loss. 
Given that  the two studies were based both on a different response task and a 
different type of analysis, detailed comparisons are both difficult to make and 
to interpret. What  is more important,  however, is that  despite the methodo- 
logical differences between the studies, they provide converging evidence for 
the conclusion that  patterns of consonant perception in patients with sensori- 
neural hearing loss may be predicted from audiometric data. 
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