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This paper describas a two-alternative, forced-choice speech consonant discrim-
ination test, which was designed for investipating the phoneme confusions most
common for patients with hearing loss of cochlear origin., Experiments are des-
cribed, which established normal baselines end investigated the reliability of
the test using normal hearing subjects.

Pick et al. {1877) and others have established that patisnts with hearing loss
of cochlear origin have impaired freguency resolution. An important extension
of this research was to investigate how, if at a8ll, this impaired fregquency re-
solution affects speech discrimination. In an initial study using a test incor-
paorating the Boothrayd (1967] isa-phonemic monosyllable word lists, 1t became
clear that this test was not efficient enough for investigating spacific phon-
eme confusions. It also beceme clear that, because of the much greater resist-
ance of vowel phonemes to distortion (e.g. Owens et al., 1968), 1t was batter to
investipate vowel confusions In a separate experiment. The present paper deals
with a teat devised to investigate conscnant confusions,

The Test

From the results of tha initial tests using the Boothroyd lists, and from pub-
lished results (e.g. Oyer & Doudna, 1958) a Iist of 25 phoneme pairs were seléc-
ted, the discrimination of which appeared to be degraded in cochlaar hearing
loss. These pairs were: /t/-/s/. /K/-/g/, /b/=/t/, /p/-/t/, /b/-/df, /p/-Fdf,
LYS=igs, SR/, OSSR, FRS-IRS L IS -ARS, SRA-IRS, FOA~IRE, ISR, 1zi-Iv,
VTR VIR VRV VRS T T S N Y VY ¥ = VO P B VY R LY VR TR VI
/z/, /n/-/z/. Thesa phonemeswers placed in CVC context as pairs which differed.
only in the terget consonant using commonly-used words, Each test list of 25
words contained one target for each of the phoneme pairs, and the test was con-
structed so that in S consecutive lists there was usually a high probability of
prezantation of each target of the pair in the initisl and final position of the
word. The word lists ware recorded by a male speaker in a Standard English acc-
ent in a roeom anechoic in the range 0.5-5kHz. A cuing lamp illuminated for ls,
at approximately 2s befare the CVC word was spoken. The ward lists wers preced-
ed by a short training test and instructions spoken by the =ame speakar.

It was hypothesised that the presence of compating nolse on speech discrimina-
tion might be mare likely to show the effects of impsired fregquency resolution
than speech discrimination in quiet, which might be more dependent upon audio-
gram shape. Hence, a continuous speech babble masker was constructed by mixing,
at aqual levels, the voices of three male speakers reading at approximately con-
stant leval. Ths resulting speech spectrum fitted within 8dB that rsported by
Byrna (1977) to be the avsrage for 30 speakers.

The subject respondad by circling the word on the list which he judged to most

closely match that which he heard. The subject was instructed to read the next
pair of words on the list before the cuing light was illuminated.
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The Subjects

The 22 male and famale sublects ranged in agse from 18 to 25 years, and were main-
ly university undergradustes. Thelr sudlograms wera within normal limits. The
tests were performed monaurally on the ear with the lower pure tone threshold

and with contrelateral masking using a suitable lagvel of white noise,

Preliminary Expariment

Five of the subjects ware used to establish complete speech audiograms 1in the
ahsence of spsech babble and also at threas levels of speech babble: 67, 77, and
87dB SPL. It was decided that in the main experiment only tha 75% correct region
was to be studied in detsall and the results of the preliminary experiment sugges-
ted that these tesats should be conducted at 22, and 27dB SPL in the ahsence of
masking noise, and at the following levels (spesch test dB SPL, masker dB SPL):
(63, &€7), (72, 77), (78, 77), end [82, 97).

Main Expsriment

The subjects were divided into groups so that the inter-, and intra-subject var-
lation between tests and inter-tast reliability could be assessed. Each subjact
was tested at two mesker conditions, and received five tests at each level.

Results and discussion

Fig. 1 shows the percentage correct scoraes avereged over all subjects, far all of
the experimental conditions, togethar with 95% confidence limits. The 75%
carrect points were obtained by inter-
polation/extrepolation and are shawn in
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tion is thae limiting factar for discrimination under these conditlons.

All of the tests, with one exception, proved to be stetistically egquivalent. Nao
abvious reason for the exceptional list could be determined., either from examina-
tion of the recording or of the subject= rasppnsas.

One problem, which has been supgested byHaggard (verbal communication), 1a that
the limitation of choice to two-alternatives might be too restrictive, and tha
subject might be using perceptual proces=es not closely related to those used in
averyday spesch perception. In an attempt to tast this hypothesis, an snalysis
of the relative information transmitted to the subjsct was undertaken (using
tachnigues similar to those used by Miller and Nicely, 1955). "It must be noted,
however, that this analysis caennot be compared easily with the results of Miller
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Tabla 1
Babble Noise Level Estimated 75% correct 95% confidance
(d9 SPL) speech leval (dB SPL) limits (dB SPL}
o 22.0 20,1 - 23.8
67 63.0 - 1.2 - 64.8
77 74.0 72.6 - 75.4
B7 85.0 8z2.9 - 87.1

and 'Nicely, for even if the parceptual processes were identical, thas test designs
would lead to differances in information transmltted. For example, only a limik-
ed phoneme sat was used, and only 67 of the possible 288 cells of the confusion
matrix could be filled. The latter consideration, howavaer, is not as serious as
it appears, bscauss these cells include very many of the high probability raspon-
ses for normal-hearingsubjects. Thae analysis 1s valid for making comparison bet-
ween conditions, Table 2 shows the relative infoarmation transmitted about all
phonemes, voicing, stops/non-stops, affricatlon, and place.

Jable 2: Comparison of ralative information transmitted abaut linguistic featurss

experlmantal condition
Linguistic feature Habble —= . a7 77 77 a7 6 SPL
Test word 22 27 63 72 78 a2
All phonemes 0.71 0.74 0.72 D.E69 0.79 0.89
Voicing D.81 0.90 0.a84 0.71 0.89 0,79
stop/non-stop 0.54 0,72 0,71 0.62 0.79 D.62
affrication 0.51 J.68 0.59 0,424 0,69 0.48
place © 035 0.54 0.36 0.35 .46 0.32
Bearing in mind the caveats given above, the rglative infarmation transmitt-

ed about volcing, affrication, and place fit quite closely to those of Miller and
Nicely., whilst information transmitted about all phonemes, and about stops, is
rathar higher. However, the results, on the whole, suggest that a similar analy-
sls mechanism is being used by ovur subjects, as 1n the sxperiments of Miller and
Nicaly,

Anather result which is notewarthy in Table 2 is that, taking into account tna
overall information transmitted, there is a trend for infarmation transmitted
about certain features to dacline slightly as the noise babble level is inmcreas-
8d, passibly suggssting that these features are less detectable under thase mas-
ing conditions,
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Canclusions

We conclude, apart from the one aexceptional 1list, that Tests 1-10 of the two-
alternative forced-choice test are squivalent, and of valye for the purpose of
examining consonant confusiens in subjects with cochlear hearing loss.
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