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Abstract

EFFECTS OF TALKER DIFFERENCES ON SPEECH
INTELLIGIBILITY IN THE HEARING IMPAIRED
by
Maris Kabat Margulies

Adviser: Harry Levitt

Five groups of ten listeners each (normal hearing, conduc-
tively impaired, flat-, moderately sloping-, and severely slobing
sensori-neurally impaired) were presented with Yecordings of the
CID sentences of everyday speech (CHABA) spoken by ten different
talkers (five male and five female). In addition, recordings of
nonsense syllables for two talkers (one male and one female from
the above group) were also used. Five types of background noise
were added té the sentence materials: high-pass, low-pass, white,
male-spectrum and female-spectrum shaped noise. The ratio of
speech peaks to rms noise level was set at 0 dB for the sentence
materials. Four experimental conditions were used for the nonsense
syllable materials: frequency filtering with a slope of 0 dB/octave,
+6 dB/octave and -6 dB/octave (all in quiet) and 0 dB/octave slope

condition in noise at a S/N ratio of 0 dB. In addition to obtaining

iv



intelligibility scores, subjects were required to rate the intel-
ligibility of each talker on a scale of 1-7.

Significant differences in intelligibility were obtained be-
tween talker gender, experimertal groups, experimental conditions
(added background noise and/or frequency filtering), an& listener
age. Qn the sentence materials the female talkers, on the average,
were more intelligible than the male (for a common speech-to-noise
ratio). There was, however, a substantial overlap between the
intelligibility scores of individual male and female talkers. For the
nonsense syllable materials, where only one talker of each gender
was used, the male talker yielded higher discrimination scores
than the female. This male talker happened to be the most intel-
ligible of the male talkers used in the study, whereas the female
talker was of average intelligibility. No significant differences
were observed between male and female listeners.

As expected, intelligibility scores decreased with incréase
in degree of hearing impairment but the relative masking and filter-
ing effects varied between listener groups and talker gender.
Younger listeners scored higher than older listeners except in the
conductive hearing loss group. This apparent exception is believed
to be the result of a very high score shown by one listener.

The intelligibility rankings showed a higher degree of con-
sistency with the objective measure of intelligibility for the normal

v



hearing listeners. The consiétency between the raﬁkings and
measured intelligibility decreased ag the degree of hearing impair-
ment, especially in the higher frequencies, increased. There was
no significant male-female talker difference in the consistency of

the ratings.
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CHAPTER I
INTRODUCTION

It has frequently been reported that for hearing-impaired
persons, female speech is not as intelligible as male speech
(Grubb, 1963). This notion that hard of hearing individuals hear the
voices of men "better' or "easier" than the voices of women is a
common informal observation in many clinical situations (Palmer,
1955). Data supporting this observation may be found in the
MedResCo Report (Medical Research Council, 1947) in which speech
reception scores for female talkers were con'si;tently poorer than
those for male talkers. A similar result was obtained by Black and
Levitt (1969) who, in an investigation of the effects of frequency
response on speech intelligibility for hearing-impaired listeners,
found higher intelligibility scores for the male talker than for the
female.

It is important to determine if indeed female talkers are
less intelligible than male talkers, and if so, possible reasons why.
This is especially important since there are more female

audiologists than male audiologists practicing (personal communica-
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tion, ASHA, 1975)1 and surveys have shown that live-voice test pro-
cedures are used 64.4% of the time (Martin and Pennington, 1971).

Since the early develobment of speech aﬁdiometric materi-
als at the Harvard Psycho-Acoustic Laboratories (Egan, 1948;
Hudgins, Hawkins, Karlin & Stevens, 1947) and their later refine-
ment at the Central Institute for the Deaf (Hirsh, Davis, Silverman,
Reynolds, Eldert & Benson, 1952), speech audiometry has become
a well established diagnostic tool for assessing the speech function.
In the usual evaluation these tests are primarily of two types:
speech reception threshold (SRT) tests and tests of speech dis-
crimination. The first of these is a measure of the person's sensi-
tivity for speech. The other is a suprathreshold task which is
used to provide an estimate of the individual's degree of difficulty
in understanding speech. The stimuli may vary and may be
delivered from tape or phonograph recordings or be monitored-
live-voice (MLV).

While the most commonly used tests for measuring the
speech function are the CID W-1 and W-22 lists (Martin and Pen-
nington, 1971), and since these are performed predominantly by
live-voice procedure, it is necessary to consider the effects of

between-talker differences on the test materials. It has been shown

1These data were obtained at the beginning of the study.



that the effects of talker change are substantial, although they vary
according to the material used (Hirsh et al., 1954; Palmer, 1955;
Harris et al., 1960; Weiss, 1968; Kruel, 1968, 1969; Pascoe, 1974,
1975).

The present study is an attempt to investigate the differenc-
es in the intelligibility of méle and female voices as heard by hearing
impaired listeners. It is concerned specifically with an examination
of speech discrimination ability of hearing impaired listeners for
male and female talkers for various test conditions and test

materials.



CHAPTER II

REVIEW OF THE LITERATURE

Methods of Measuring Speech Perception

Historical perspective

Tests of a hearing-impaired individual's ability to under-
stand speech have existed for as long as there has been an interest
in the effects of hearing impairment on speech understanding.
Originally, assessments of understanding were ic.complished by
simply speaking to the person suspected of having a hearing impair-
ment and making a judgment about his ability to understand. The
listener's performance was compared to that of persons unaffected
by auditory impairments (Hirsh, 1947). Such a crude method did not
allow for calibration or control of the signal with respect to intensity
or message content.

Bryant (1904) attempted to overcome this difficulty through
a system he designed which controlled the level of the speech signal
by means of a phonograph and valve attachment. Campbell (1910)
developed the first analytic approach to the measurement of speech

intelligibility by asking the listener to repeat a list of nonsense



syllables which had been read over a telebhone channel. The per-
centage of correct identification was the measure of relative intelli-
gibility.

It was more than 20 years after Bryant (1904) advocated a
recorded presentation of material that the use of a recorded auditory
test became available. This was not a test for assessing speech
understanding ability, but for determining an individual's hearing
loss for speech, and used numbers as test stimmuli (Fletcher, 1929).
Continued efiorts were made to rvefine these procedures, notably
efforts by French & Steinberg (1929) who also developed word and
sentence lists of interrogative and imperative sentences for intelli-

gibility testing as part of their research at Bell Telephone Labora-

tories.

Development of materials

The earliest tests of speech understanding were used o
rate speech transmission systems and were referred to as ariicu-
lation tests. The resulting score was an articulation score. By
plotting a graph with percentage of items correct on the ordinate
and intensity on the abscissa, one can generate an articulation-gain
function. Such a graph depicts the relationship of understanding to
changes in intensity for the particular stimulus material. The
articulation-gain function has been shown to vary depending upon the

type of material used (Fletcher & Steinberg, 1929; Hirsh, et al.,



1952; Hudgins, et al., 1947; Miller, Heise, & Lichten, 1951; Traul
& Black, 1965). In general, the more information there is in an
utterance, the steeper is its articulation-gain function. Three-
syllable words typically contain more information bthan two-syllable
words which typically contain more information than monosyllabic
words, which in turn contain more information than nonsense syl-
lables. Correspondingly, the articulation-gain functions for two-
syllable words are steeper than those for monosyllables which in turn
are steeper than nonsense syllables (Hirsh, 1952). Simiiarly, the
articulation-gain functions for sentences are very steep.

In addition to the syllable articulation lists, Fletcher &
Steinberg (1929) also devised the sentence lists mentioned earlier.
Since the purpose of these tests was to test the accuracy of percep-
tion, each sentence was designed to convey a simple idea. A
response was considered correct if the listener could either record
the sentence or answer it correctly.

There were two major criticisms of the Bell Telephone
Laboratories sentence intelligibility lists (Egan, 1948; Hirsh, 1952).
It was pointed out that the questions often required specific knowledge
of New York, and additionally, the questions often were beyond the
ability of many people to answer correctly.

A major contribution to the development of speech testing

procedures was the extensive battery of tests developed by the



Harvard Psychoacoustics Laboratory (PAL) dufing World War II.
These tests were developed initially for; the evaluation of military
speech communication systems, but the broader more useful applica-
tions of the tests were soon recognized. While the battery initially
included nonsense syllable lists, phonetically balanced monosyllabic
word lists, spondaic word lists, ard phonetically balanced sentence
lists, it was the monsyllabic and spondaic word lists which found
widespread clinical application.

Phonetically balanced word lists (in abbreviated form .
referred to as PB word lists) were devised to meet the following
criteria: (1) monosyllabic structure, (2) equal average difficulty,

(3) equal range of difficulty, (4) equal phonetic camposition,
(5) a composition representative of English speech, and (6) words in
common usage (Egan, 1948). |

The early clinical application of the PAL materials met
with a number of practical problems. Many patients had difficulty
with the vocabulary which contained a number of unfamiliar words.
Also, the speaker on the recordings was Rush Hughes, a professional
radio announcer, who recorded the lists without a carrier phrase.
Eldert & Davis (1951) reported on the clinical use of these recordings
and indicated that chief among the problems were low reliability, a |
wide range of difficulty among the individual test items, and an

uneven distribution of difficulty among the eight lists.




Hirsh et al. (1952) reported t. at clinical use of PAL
Auditory Tests No. 9 and 12 and of the PB word lists (both recorded
and live~voice versions) revealed deficiencies which needed to be
corrected: different thresholds were obtained from different record-
ings of the spondee lists and the vocabulary of the PB word lists was
too unfamiliar for many patients.

In an attempt to remedy this situation, the Harvard mono-
syllabic and spondaic word lists were revised systematically for
speech audiometry. The phonetic balance of the mono-syllabic word
lists was maintained, but only familiar words were used and stand-
ardized recordings of several different randomizations were pre-
pared (Hirsh, et al., 1952). According to Martin & Pennington
(1971), these tests, known as the CID Auditory Tests W-1, W-2 (to
measure Speech Reception ’i‘hreshold), and W-22 (to measure
speech discrimination using monosyllabic words) are the most com-
monly used tests in speech audiometry.

Materials available for
discrimination testing

Several methods have been advanced for the measurement of
speech intelligibility. Generally, these include testing with single
syllables, meaningful isolated words, or meaningful phrases and‘
sentences with their contextual information. The most common

word materials have already been discussed. The Harvard sentence



lists were also considered inappropriate for clinical use because
their syntactic structure was atypical and they contained many un-
common words. The sentences were all approximately the same
length and there was little variation in form between the sentences.
Following criteria formulated by CHABA, researchers at CID devel-
oped sentence lists that would be typical of everyday conversational
speech in terms of vocabulary, sentence structure, and sentence
length (Silverman & Hirsh, 1955). These sentences are generally
known as the CHABA sentencés, or CID sentences of everyday speech.

Tests of speech intelligibility using a closed-response-set
format are among the newest materials available for clinical use.
In this type of test the subject is restricted to a s;)ecified set of
response alternatives. Since the subject can be irained with each set
of response foils before testing, learning and practice effects are
reduced considerably and the tests can be used repeatedly. There
are two important advantages to the use of this type of material:
(1) the error patterns can be studied to provide diagnostic informa-
tion, and (2) the researcher can tailor the choiqe of response foils
to meet gpecific test needs.

The closed-set paradigm for word discrimination followed
the development of a rhyme test developed by Fajirbanks (1958).

House, et al. (1965), developed the Modified Rhyme Test in which

the subject i‘s supplied with a response set of six words, each differ-
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ent from the target word by a single phonetic feature. Fifty sets

of items are presented. Variations on the rhyme test procedure

have been proposed by Kreul, et al..(1968). As yet, however, con-
ventional clinical evaluations do'not make use of the closed-response-
set format except in the case of picture tests used with children.

An attempt to make use of a closed-response-sei format
using sentence materials is the Synthetic Sentence Identification
(SSI) Test developed by Specks and Jerger (1965). Kalikow, Stevens,
& Flliot (1977) bave developed a test which measur=s the effect of
context on speech intelligibility. The Speech Perception in Noise
Test (SPIN) tests the discrimination of each test word in two contexts,
one where the likelihood of occurrence is high, and one in which the
word is not likely to occur. The differences between the two scores
provide a quantitative measure of the effect of word predictability on
discrimination.

Three phases in the development of speech intelligibility
materials have been identified: (1) the very early work of the 1920-
1930's, in which the need was recognized, but only the beginnings
of practical solutions were available; (2) the development and refine-
ment of the procedures produced by the Harvard Psychoacoustics
Laboratory, and (3) some of the newest additions to testing, including

the closed-response-set paradigm.
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Effects of Masking on Speech Intelligibility

Many experiments have measured the relationship of speech
discrimination to various types of background interference. Speech
(Miller & Licklider, 1950; Carhart, Tillman, & Johnson, 1966),
continuous noise (Miller & Garner, 1948), interrupted noise
(Miller & Licklider, 1950; Miller & Garner, 1948), modulated noise
(Carhart, Tillman, & Johnson, 1966; Wilson & Carhart, 1969), and
other complex sounds have been used as noise background (Johnson
‘& Young, 1974; Kacena & Wicholls, 1974£). In sufnmar&, these studies
demonstrated that intelligibility decreased as the level 'of background
noise increased. Miller & Garner (1948), using interrupted bursts
of white noise as interference, found an increase in duration of the
interruption improved the intelligibility. Pollack (1955) studied the
intelligibility of connected speech against a background of modulated
white noise and found that varying the signal-to-noise ratio at rather
slow rates provided intelligibility comparable to a steady-state signal-
to-noise ratio at the average level. In éddition, it was found that
varying the absolute levels but keeping the signal-io-noise ratio
constant had no appreciable effect on measured speech intelligibility.

These experiments dealt with normal-hearing subjects.
Ross et al. (1965) using a continuous noise as the interfering signal,
reported the effects of noise were equal for subjects with normal and

abnormal hearing. This result is not supported by other research.
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Palva (1955) measured speech thresholds and discrimination in the
presence of continuous noise. He found that discrimination was not
affected significantly in normal-hearing listeners and those with a
conductive hearing loss but was significantly reduced in individuals
with sensori-neural hearing loss. He found 1;0 difference in the effect
of noise on the speech reception thresholds of the three groups.
Cooper and Cutts (1971), using ambient noise (recorded in a cafeteria)
found that discrimination scores were significantly poorer for indi-
viduals with sensori-neural hearing losses than for normal-hearing
persons. Measuring discrimination for mono-syllables against a
background of competing sentences, Carhart & Tillman (1970) found
that subjects with conductive hearing loss performed the same as
normali—hearing subjects. Persons with sensori-neural loss were '
more severely handicapped by competing messages. Wilson &
Carhart (1969), using spondee words, compared the influence of
| pulsed and modulated noise on the hearing thresholds of normal-
hearing subjects to thresholds of subjects with diagnosed cochlear
otosclerosis. They found that subjects with the sensori-neural
hearing loss performed significantly worse than subjects with
normal hearing.

Dirks et al. (1969), using normal-hearing subjects, showed
that the type of speech material presented is an important variable

when testing discrimination in a noisy environment. Apparently the
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amount of masking is the complex result of an interaction between
the type of speech-test material, the rate of modulation or inter-
ruption, and the status of the é.uditory system of the listener, as well
as the more commonly considered variables of masker spectrum
and speech-to-noise ratio (Miller, 1947).

Shapiro, Melnick & VerMeulen (1972) studied the effects
of modulated noise on speech intelligibility of people with sensori-
neural hearing loss, and found their data consistent with past
research in that under all the experimental noise conditions, normal-
hearing subjects performed better than those with sensori-neural
hearing loss. These findings are consistent with the more recent
research using a closed-response-set format (Levitt et al,, 1978),
and proposals for application of a sentence test utilizing the differ-
ence in discrimination ability of hearing-impaired listeners in quiet
and iﬁ noise (Kalikow, Stevens and Elliot, 1977). In a recent paper
presented by Gengel & Marks (1980), it was reported that not only
hearing loss but age must be considered when investigating the dis-
crimination ability of hearing-impaired listeners in noise. They
found that not only was the average performance of the older listeners
below that of the younger listeners, but that there was an age-talker

interaction as well.
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Talker Effects on Speech Intelligibility

There are many tests which can be used to assess speech
discrimination ability in the hearing-impaired. Unfortunately, the
relationship between the degree of hearing loss and word discrimina-
tion ability is not clear, especially in cases of sensori-neural hearing
loss.

Carhart (1 965) stated that the test results which were
obtained by different talkers are not comparable "unless the talkers
havz been denionstrated to be equivalent.' He alsc noted that, where
this information is not available, comparisons can be made only on
the results obtained by a single talker. Brandy (1966), however, has
demonstrated that a given talker will vary his présentation of the
same words on successive days. Using recorded presentations,
which were controlled for variations in intensity, substantially less
variability was obtaineé in listeners scores as compared to live-voice
presentations.

Harris, Haines, Kelsey, and Clack (1960) reported inter-
talker effects in their study on the effects of low-fidelity circuitry on
speech intelligibility. They reported that scores varied significantly
between talkers for identical experimental conditions. House,
Williams, Hecker and Kryter (1965) in their study dealing with the
development of the Modified Rhyme Test, found a significant differ-

ence in intelligibility between their talkers. Kreul, Nixon, Kryter,
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Bell, Lang and Schubert (1968) and Kreul, Bell and Nixon (1969),
studied the effects of several variables on the reliability of dis-
crimination scores using normalv-hearing subjects. One of the.
variables studied was the effect of different talkers. They reported
that the test-retest scores for either of their talkers on different
sessions were not significantly different. The overall level of diffi-
culty reportedly remained stable over several utterances. It should
be noted that these findings were obtained using recorded materials
and although there were differences in inteiligibility scores for the
different talkers, these talkers were consistent, i.e. their talkers
were not equally intelligible, but by using recorded materials they
obtained low test-retest variability for each talkér.

Beyer, Webster and Dague (1969) agree with this observa-
tion. They found differences in the clinical version of the MRHT to
be related to talker differences, with one of the talkers consistently
producing lower intelligibility scores than the other two talkers.

The problem of high test-retest variability using live-voice
rather than recorded materials has been stressed by Goetzinger
(1972) and Carhart (1965). Further, Tillmai: and Olsen (1973) point
out that a standardized test is not possible unless recordings are
used. They attribute this to talker differences and state that
", ..because of talker differences.tests administered via monitored-

live-voice defy standardization."
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Witter and Goldstein (1971) recorded the speech of a male
and female talker through hearing aids and had paired comparison
judgments made by normal-hearing listeners. They found that hear-
ing aid choices varied for the male and female talkers although the
rankings were similar. Bell and Kreul (1972) found, on re-evaluat-
ing the reliability of the MRHT that there were again differences
between talkers. They had two male and one female talker for the
study. The male talkers were both the best and worst talkers in
terms of intelligibility, with the female talker midway between
the other two talkers.

Pascoe (1974; 1975) recorded the high-frequency word lists
by a male and female talker. He found that the test scores were
consistently higher for the male talker as compared to the female
talker, and that the subjects who had better hearing were less
affected than the others by this difference.

Levitt & Resnick (1978) developed a nonsense sylllable test
for measuring speech intelligibility. They recorded both a male
and female version of the test and found the male talker to provide
higher intelligibility scores. Mayer (1980) compared sentence
discrimination ability for elderly subjects for groups of male and
female talkers and found the female talkers to be more intelligible,
on average, than the male talkers. It is important to note that all of

Mayer's tests have speech against a background of noise, while all
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the other studies have been performed in quiet. This difference may

account for the higher female intelligibility obtained in Mayer's data.

Accustic Characteristics of
Male and Female Voices

Since there seem to be differences in the perception of
male and female speech, the acoustic characteristics that make up
this difference must be investigated. The classic data on speech
levels and on the shape of the spectrum for male and female talkers
are thcse of Dunn & White (1940). These :esearchers provided the
first relatively comprehensive set of data on both narrow-band and
broad-band measurements of speech levels for both male and female
talkers.- They used six male and five female talkers who were asked
to read continuously at a normal voice level, in quiet, from stories
containing large proportions of conversation. Dunn & White reported
differences between individuals amounting to as much as 18 dB in
some bands, and indicated that there were also differences in the
shape of the spectrum. They also felt that their sample was too
small in size to provide a truly representative result because they
could not be sure they had discovered the most exireme individuals.

Subsequent studies, such as those of French & Steinberg
(1947) and Benson and Hirsh (1953) replicated these early measure-
ments over wider conditions. Their findings are similér but not

identical to Dunn & White.
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From these studies cc-ame much of the data still considered
as representative of speech level and spectrum shape. It should be
noted, however, that these values were obtained for talkers in quiet,
congidered to be equally motivated. Increasing the level of background
noise typically results in the talker raising his/her voice. The
increase in vocal effort is usually not sufficient to completely over-
ride the increase in noise level, Korh (1954) undertook to quantify
the relationship between the ambient noise levels and the measured
speecn levels. Korn found, with conversaiional vocai efforis, about
a 3.5 dB increase in voice level for each 10 dB increase in room
noise, whereas Webster & Klumpp (1963) found as much as a 7 dB
increase for the same increase in background noise. Kryter (1950)
and Pickett (1958) found about a 3 dB increase in shouted vocal effort
with a 10 dB increase in masking noise. The results of these studies
and a more recent study by Gardner (1966) are consistent, and indi-
cate that the talkers adjust their vocal effort on the basis of how much
effort they believe is required for their speech to be understood
(Kryter, 1970).

Pearsons, Bennett, & Fidell (1977) undertook a study to
provide more information on speech levels in terms of the charac-
teristics of actual listening environments, rather than in.controlled
environments. They pfovide a comparison of the speech levels in the

categories of casual, normal, raised, loud and shout for male and
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female talkers. A comparison for the male and female talkers
under the first three conditions showed about a 2 dB difference
between the male and female talkers. This difference was found to
be larger for the loud and shout cafegofies where the measured dif-
ferences in speech level between the male and female talkers were
5 and 7 dB, respectively. These data also showed that the shape of
the speech spectrum changed in a systematic way, providing more
relative power at the higher-frequencies for increased voice level.
What is impcortiant to consider, however, is that for ihe normal speeclh
level, the spectra are consistent with previous research.

Kryter (1970) provides an idealized spectrum for male and
female voices, as measured at a distance of 1 meéter from the lips
in a quiet room. The overall level of this male voice is shown to be
about 3 dB higher than that of the female voice, but the idealized
spectrum of the female voice shows more relative speech power in
the higher frequencies (i.e. a more gradual slope in the high frequency‘
region of the speech spectrum of the female talker).

Mayer (1980) obtained the speech spectra of four male and
four female talkers as part of her study. She indicates that, as
expected, the female talkers show more relative power in the high

frequency region.
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Concluding Comment

It is apparent from the preceding review of the literature
that, from the beginning, researchers and clinicians have been aware
of and commented on the variability which exists within and among
talkers. Investigations have shown that talker-stimuli and talker-
distortion interaction cause significant variations to occur in intelli-
gibility scores. Although the words used may be identical, the acous-
tic output can be markedly different. As noted by French & Stein-
berg, '"...there are large natural differences between the intens-
ities of the same sound spoken by different people or by the éame
people at different times."

The review also shows that there are differences in speech
intelligibility reported for male and female talkers. For the most
part, the female appears to be less intelligibile for the hearing-
impaired individual when heard in quiet. The case of male and
female for the normal-hearing in noise was mixed. There is a need
to investigate this further in view of these inconsistencies and
because most intelligibility tests are performed by female clinicians
using live-voice procedures. It is important to determine whether
this has an effect on the hearing-impaired listener and whether the
- gender of the talker affects intelligibility differently for the hearing-

impaired listener.



CHAPTER III
DESIGN OF THE STUDY

This study was designed to examine the effects of male-
female talker differences on the syllable and sentence discrimination
scores of listeners with normal hearing, conductive-type hearing
losses and a variety of sensori-neurzl iimpairments. In oider to
eliminate the inherent variability which has been shown to exist
within a single talker (Brandy, 1966), tape recordings rather than

live-voice mode of presentation were used throughout the project.

. Subjects

The five subject groups, each composed of ten listeners,
were tested at the Hearing and Speech Center of the Barnert
Memorial Hospital Center in Paterson, New Jersey. The five sub-
ject groups were composed of normal-hearing listeners, listeners
with conductive hearing impairments, flat zensori-neural hearing
losses, moderately sloping sensori-neural hearing losses and
severely sloping sensori-neural hearing losses. Each of the four
hearing-impaired groups were subdivided into male and female

listeners and also into older and younger listeners. Every attempt
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was made to select subjects so as to form balanced sets within each
group, but this was not always possible with the available subject
pool. A description of each subject group follows with a more
detailed individual description in Appendix A. Figure 1 presents a
composite audiogram of the mean threshold levels for each experi-

mental group.

Normal-hearing listeners

| The normal hearing group for .the study was composed of
ten 20-29 year old adults (8 female and 2 male) who did not have a
reported history of ear or" hearing problems and who passed a pre-
liminary hearing screening test (pure-tone threshglds were within
10 dB HTL over the 250-8000 Hz range). The subjects also had no

prior knowledge of any of the test materials.

Hearing impaired listeners

All potential subjects with hearing impairments were obtained
from the recent files of the Barnert Memorial Hospital Hearing and
Speech Center. They had all been tested no earlier than 1976 ‘and
were re-evaluated for the study. The four gfoups of listeners with

hearing impairment were:

Conductive hearing loss. There were ten subjects who pre-

sented a conductive hearing loss, five male and five female listeners
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Fig. 1. Composite audiogram of mean pure tone thresholds
for each experimental group.
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with a median age of 53 years. The median age was used to divide
the older from the younger subjects in the experimental design.
Only three members of the group had any hearing aid experience and

in no instance was a surgically treated ear used for data collection.

Sensori-neural hearing loss. The subjects were thirty

sensori-neural hearing impaired adults. They ranged in age from
21-80 years. The mean age was 53.6. There were 15 males and

15 females. The criteria for subject selection were: (1) a relatively
flat pure tone audiogram with essentially similar thresholds for the
frequencies 250-8000 Hz, (2) moderately sloping audiometric con-
figurations with a 5-10 dB per octave slope, and (3) a more severely

sloping audiometric configuration of 15-20 dB per octave.

Preparation of Stimulus Material

Two types of stimulus material were used in the study. The
first type was the CID sentences of everyday speech (Davis & Silver-
man, 1978), developed by a working group of the Armed-Forces
National Research Council Committee on Hearing Vand Bio-Acoustics
(CHABA). These CHABA sentences were tape recorded at the City
University of New York (CUNY) Communications Sciences Laboratory '
by ten talkers (5 male and 5 female) and were made available for this
study.

Nonsense syllables were the second type of material used.
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Recordings of a Nonsense Syllable Test (NST) developed by Levitt
and Resnick (1978) were available for both a male and a female talker.
These two talkers were among the ten who had recorded the sentence

lists.

Sentence materials

The ten CHABA sentence lists were each assigned to one of
the ten talkers. The specific list assignments used in the study are
shown in Appendix B. A set of test tapes was assembled from the
recordings available. The recordings of highest quality in terms of
background noise and clarity of articulation were chosen by the experi-
menter subject to the constraint that each talker be heard on only one
list. —

The speech level for each recorded list was obtained using a
graphic level recorder. The procedure used is describéd in the next
section.. The recordings were dubbed onto a test tape such that the

average speech level for each sentence list was equal. A 1000 Hz

calibration tone at this level was inserted at the start of the test tape.

Noise materials

Five types of noise were used in this part of the study: white
noise, low-pass noise, high-pass noise, male-spectrum and female-
spectrum shaped noise. In all cases the noise was recorded on

+ Channel 2 of the tape recorders and the speech on Channel 1.
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The white noise was obtained from a Grason-Stadler Model
901B noise generator. The spectrum of the recorded noise was
checked using a 1/3 octave band analyzer. The results of this analysis
are presented in Figure 2.

The high-pass noise was obtained by passing the output of the
noise generator through an Allisoﬁ AL-2ABR variable bandpass filter
with a lower cut-off frequency of 500 Hz and an upper cut-off frequency
Qf 8000 Hz. The rate of cut-off was 36 dB/octave. The upper cut-off
frequency was chosen because of the limited response of the TDH=49
earphone which would be used by the listeners. Figure 3 shows the
earphone response as measured on a standard 6cc coupler. The
frequency response of the filter system is shown in Figure 4 and the
results of a-1/3 octave band analysis on the noise is also shown in
Figure 2,

The low-pass noise was obtained using the same bandpass
filter but setting a lower cut-off frequency at 50 Hz and the upper cut-
off frequency at 500 Hz. See Figures 2 and 4 for the frequency
response and 1/3 octave band analysis of the low-pass noise.

The female-spectrum shaped noise was obtained by shaping
the spectrum of the noise to match as closely as possible the averaged
female speech spectrum as measured for the five female talkers in the
study. This ;avas done by first obtaining the frequency power spectrum

of each female talker. The CHABA recordings were subjected to a
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Fig. 2. 1/3 octave band analysis of low-pass noise, high-
pass noise and white noise.
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Fig. 3. Graphic level recording of TDH-49 earphone response
for earphone used in study.
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- Fig. 4. Frequency response of the filter system used to
obtain the high-pass and low-pass noise signals.
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1/3 octave band analysis. The output of each 1/3 octave band was
measured on a graphic level recorder. Figure 5 shows a block dia-
gram of the analyzing equipment. The settings used on the micro-
phone amplifier and graphic level recorder are shown in Appendix C.
These settings‘ were chosen such that the graphic level recorder
would bracket the peak speech levels reliably with minimal overshoot.
Measurements were not obtained for 1/3 octave bands above 8500 Hz
‘because of the frequency response limitation imposed by the earphone.

The procedure used in making the graphic level recordings
was as follows:

1. The input attenuator was set such that the 1000 Hz
calibration tone at the beginning of each tape recording was set to
produce a reading of 20 dB on the graphic level recorder. In doing
this, the 1/3 octave band filtér was also set to 1000 Hz.

2. The 1/3 octave band was set to the frequency band to be
analyzed. The input attenuator of the graphic level recorder was then
adjusted such that the speech peaks read between 10 and 100 dB on
the graphic level recorder. The settings of the input attenuator for
each graphic level recording were noted. Also identified on each
recording was the talker and the 1/3 octave band setting. Typically
two sentences per 1/3 octave band were recorded, but if an extremely
short (i.e., two or three word) sentence occurred, then a third

sentence was recorded.



Fig. 5. Block diagram of equipment used in the analysis
of speech materials.

35



AMPEX 440

Tape Recorder

B&K 2603

Microphone Amplifier

<

A

Ba&K 1612
BandPass Filter Set

X7

B&K 2305

Graphic Level Recorder

36



37

The rule for measuring the tracings is shown in Figure 6.
Only peaks within 20 dB of the highest peak were averaged on the
tracing. A line is drawn on the tracing at the point 20 dB below the
highest peak and the various peaks within this range were measured.

Figure 7 ‘shows the speech spectra obtained for the five
female talkers in the study. The average spectrum for all five
female talkers was then obtained. This average spectrum is also
shown in Figure 7.

The female-spectruin shaped noise was then produced by
passing white noise from the Grason-Stadler 901B noise. generator
into a General Radio 1925 Multi-Filter in which the attenuator setting
for each 1/3 octave band was adjusted so as to produce the spectrum
shown in Figure 7. The frequency-shaped noise was then recorded on
an Ampex 440 tape recorder. The recorded noise was finally sub-
jected to a 1/3 octave band graphic level analysis. If the measured
noise spectrum at any 1/3 octave band was not within + 2 dB of the
average female speech spectrum, the multifilter was adjusted and a
new recording made. Figure 8 shows the average 1/3 octave band
spectrum for the female talkers‘a.ind the female-spectrum shaped noise.
The two spectra do not differ by more than 2 dB at any 1/3 octave
band.

The male-spectrum shaped noise was obtained using essen-

tially the same procedure. ¥igure 9 shows the five male talker
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Fig. 6. Illustration of method used to measure graphic level
recordings of speech materials.



JRIL

INTENSITY

-
]

-loe
-10€

<“0P

~108G

:

20ds

/L

N""*"*;re*erd—q-:\?‘\’-.ﬂsh‘cr'S"l

§9YD]

6¢



40

Fig. 7. 1/3 octave band speech spectra and average spectrum
for the five female talkers in the study. '
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Fig. 8. Average 1/3 octave band speech spectrum for the
fernale talkers and the 1/3 octave band spectrum for the female-
spectrum shaped noise.
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Fig. 9. 1/3 octave band speech spectra and average
spectrum for the five male talkers in the study.
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spectra and the averaged curve. Figure 10 shows the average 1/3
octave band spectrum for the maletalkers and the male-spectrum
shaped noise. Again it will be noted that the curves do not differ

by more than 2 dB at any frequency.

Nonsense syllable materials

Eight randomizations of the nonsense syllable test were used
in the study. Four of the versions were used with a female talker
and four with a male talker. A different protocol was used for each
of the four experimental conditions for each talker, as shown in
Table 1. The listing of each of the experimental sequences is shown
in Appendix D. e

A total of eight nonsense-syllable test tapes were prepared,
a male and a female version of the conditions listed in Table 1.

The preparation of the master tapes is detailed below:

0 dB/octave slope condition. Recordings of the NST protocol

#8 were made for both the male and female talker.2 A 1000 Hz cali-

bration tone was recorded at the beginning of each tape.

0 dB/octave slope +speech spectrum noise condition.

Recordings of Protocol #6 male and female were used for the two

2The protocol numbers listed here are those assigned to the
eight protocols developed and used by Resnick et al. (1975).
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Fig. 10. Average 1/3 octave band speech spectrum for the
male talkers and the 1/3 octave band spectrum for the male-spectrum
shaped noise.
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TABLE 1

PROTOCOL: ASSIGNMENTS FOR THE NONSENSE
SYLLABLE TEST FOR THE DIFFERENT
EXPERIMENTAL CONDITIONS

Protocol* Talker Experimental Condition
5 Male +6 dB/octave slope
5 - : Female +6 dB/octave slope
6 Male 0 dB/octave slope + noise
6 Female 0 dB/octave slope + noise
7 Male -6 dB/octave slope
7 Female -6 dB/octave slope
8 Male 0 dB/octave slope
8 Female 0 dB/octave élope

*The protocol numbers listed here are those assigned to the
eight protocols developed and used by Resnick et al. (1975).



50

noise conditions. Female-spectrum shaped noise was recorded on
the second track of the tape for the female talker. Similarly, male-
spectrum shaped noise was recorded on the second track for the male

talker.

+6 dB/octave slope condition. Recordings of Protocol #5

‘male and female were used for this condition. The recordings were
made using the equipment shown in the block diagram of Figure 11.
An 8000 Hz cut-off was used to limit the speech bandwidth to be
within the t“requency banciwidth of the headphone. The frequency

response curve of the system is shown in Figure 12.

-6 dB/octave slope condition. Recordings of Protocol #7

male and female were used for the -6 dB/octave slope condition.

The recording procedure was the same as that used for the +6 dB/
octave slope condition, except that it was unnecessary to include the
stereo amplifier into the system because the signal intensity was suf-
ficiently high without amplification. The frequency response curve
for this condition is also shown in Figure 12. Copies of these eight

tapes were used for data collection.

Preparation of Calibration Materials

The calibration tapes prepared for this study served two dis-

tinct functions. First, they were used to verify that the flat, upward
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Fig. 11. Block diagram of equipment used to produce the
filtered nonsense syllable materials. :
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Fig. 12. Frequency responses of the filter systems used to
obtain the filtered nonsense syllable materials (-6 dB/octave slope
and +6 dB/octave filter slope).
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and dpwnward sloping frequency responses used for the nonsense
syllable conditions were processing the speech appropriately. In
addition, a calibration tape was also used to check the frequency
response characteristics of the recording equipment at the laboratory,
the playback equipment at the laboratory, and the playback equipment
at the hospital site.

In all, three different calibration tapes were prepared, each
corresponding to one of the three filter conditions used for the non-
sense syllable materials. Each of these tapes consisted of tonal
signals twenty seconds in duration at frequencies of 100, 200, 300,
400, 700, 1000, 1500, 2000, 2500, 3000, 4000, 5000, 6000, 7000,
and 8000 Hz recorded at a constant input voltage. ~

In each case the preparation of the calibration tape re-
created the procedure used in preparing the corresponding speech
test tape. The only difference in the procedure was the substitution,
at the recorder input, of a sine wave signal in piace of the s;')eech
signal. Figure 12 shows the results of a 1/3 octave band analysis of
the calibration tapes. This analysis is the same as that used for
checking both the spectra of all speech and noise recordings. The
analysis shown in Figure 12 depicts the frequency response charac-
teristic of the overall system from playback recorder to the final
reproduction' stage. In addition to checking the recording conditions,

the equipment at the hospital site was checked using the 0 dB/octave
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slope calibration tape.

The on-site equipment was calibrated the day before the data
collection was scheduled to pegin. Figure 13 presents the resulis of
the two sets of measurements obtained with this tape, at the labora-
tory and at the hospital location. The differences in frequency
response between these two curves are within + 2 dB over the
frequency range 100-7500 Hz. This was considered adeql.late for the

purposes of this study.

Test procedure

Each subject was tested individually. The subject was seated
in the test room of an IAC 400 Series two room audiometric test suite
which met ANSI-1969 specifications for ambient noise level. All
testing was combleted in a single two and one half hour session. The
initial portion of the session was reserved for the basic audiological
evaluation. This included pure-tone air and bone conduction threshold
measurements (250-8000 Hz) as well as SRT, speech discrimination
measures and estimates of the subject's most comfortable listening
level and the threshold of discomfort. These data were obtained using
the Grason-Stadler 1701 audiometer and SONY TC-377 tape recorder
with TDH-49 earphones in MX-41AR cushions. A tympanogram was
obtained on éach ear using an American Electromedics acoustic

impedance bridge Model 83. A copy of the record sheet used for the
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Fig. 13. Results of calibration tape comparison measure-
ments obtained at the laboratory and hospital sites.
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study is presented in Appendix E.

Any other information which was not readily available from
the subject's departmental chart was also obtained at this time
(i.e., date of birth, surgical history, hearing aid experience, etc.).

At the conclusion of this initial evaluation, a decision was
made whether or not the subject met the criteria for selection. If so,
the better ear was selected as the test ear for subsequent testing.

Materials were presented to the subjects at MCL. The
method of obtaining MCL is discussed in the next section. A -15dB
S/N ratio was used for the normal hearing and conductive hearing loss
groups for the CHABA sentences and a 0 dB S/N ratio was used for
the sensori-neural hearing loss groups. A 0 dB EIN ratio was used
for the noise conditions of the nonsense syllable test for all listeners.
A complete listing of the MCL values for all conditions for all sub-
jects is presented in Appendix F.

Half-way through the nonsense syllable runs a 10-15 minute
break was .offered to all subjects to avoid fatigue and increase con-

centration on the listening task.

Method of obtaining MCL

Initially, an approximation was made as to the comfortable
speech level which the subject should be able to hear on the basis of

the audiogram and SRT. This was necessary because it was found,
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especially for the severely sloping sensori-neural group, that the SRT
alone was not a sufficient indicator of MCL. Using this level, the
listener was queried as to whether the voice of the examiner was
audible. Once this was determined, the subject was given the follow-
ing instructions:

You are going to hear a male or female voice repeating

either ""You will mark' or continuous material; you are to

indicate when the gpeech is at a level which is most com-

fortable for you to listen. You do not need to repeat any

of the things you hear; just indicate when the voice is at a

level at which you feel comfortable. You may indicate by

raising your hand or telling me. -
The attenuator was then slowly increased until the subject signalled
that the level was comfortable.. In most cases the level was increased
5-10 decibels and the listener was asked about that level for comfort,
just as a means to verify that the comfort level had not been prema-
turely indicated. The study subjects Weré generally consistent in their
comfort level choices and where previous test results were available,
the results were essentially similar (i.e., within 5-10 dB between
previously and presently obtained MCL's).

Once the MCL was determined for the particular experi-
mental condition, the subject was given the instructions for that task.

For the nonsense syllable tests the subject was given the test
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booklets in the protocol presentation order. The booklet for the first
list was handed to the subject and it was explained that he would be
listening to speech sounds both in quiet and in noise. While some of
the syllables might sound like words, they were not, and were to be
thought of as nonsense syllables.

They were shown that all possible answers for each test item
were on the page. They were instructed to éircle or mark the syllable
that they heard in each instance and to mark only one syllable for
each item.

It was explained that they would hear either a male voice or
a female voice which would indicate the page in the test booklet.

Then the voice would say '"You will mark ', please.' The test
syllable would follow the word "mark' and they were to indicate on the
test page the syllable they had heard. Upon completion of the items
on Page 1, they would turn to Page 2 and proceed in the same manner
until the booklet was completed. A sample sheet is provided in
Appendix G. |

It was stressed that they were to mark exactly what they
heard even if in some cases they had heard the same sound more than
once and in other cases to guess if they had not heard a particular
sound at all. |

In those nonsense syllable conditions where noise was intro-

duced, the subjects were additionally instructed not to be concerned if
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the task seemed unusually difficult. It was explained that we knew the
task was difficult and that if they became confused or lost their place
on the page to so indicate and the test tape would be stopped.

For the CHABA sentences, the subjects were informed that
they were going to };ear a number of sentences spoken by different
talkers, all in the presence of noise. At the completion of each
sentence they were requested to repeat exactly what they heard. As
many of the words were to be repeated as possible, whether or not
the resulting sentence made any sense. It was stressed that even if
only one word was heard, it was to be repeated. The subjects'
responses to each sentence were recorded by the experimenter. A
sample score sheet will be found in Appendix H. ~

Following each CHABA sentence list or nonsense syllable .
run, the subject was asked to rate the intelligibility of that talker.

He was asked to do so on a scale of 1-7. A rating of 1 meant that the
talke';r was poor with respect to intelligibility and a rating of 7 meant
that the talker was highly intelligible. Th.is rating procedure was
done for each of the ten CHABA lists and the eight nonsense syllable
variations. Rating sheets for both the sentence and nonsense syllable

materials will be found in Appendix I.

Human subjects protection

Hospital clieats who were considered potential study subjects
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were initially contacted by an introductory lettér requesting their
participation in the study. This letter was followed by a telephone

call from this researcher. Those individuals who were not interested
in participating in the study were not contacted again. Those who were
willing to participate were given specific appointment times for the
testing. At the time of this appointment, the study was explained to
the individual and a signed consent form was obtained. A thank you
letter was sent to all participants upon completion of the study. Copies
of the letter sent to the subjects, the consent fcrm and the thank you

letter are included in Appendix J.



CHAPTER 1V
RESULTS

Preliminary Analysis

The study involved two different types of speech reception
materials, sentences and nonsense syllbables. Different experi-
mental conditions were used with each type of material. The sen-
tences were always presented in the presence of one of five different
types of noise, and the nonsense syllables were presented in four
different ways: three frequency response conditighs in quiet and one
noise condition. The five listener groups were subdivided into older
and younger listeners (five oldest vs. five youngest in each group with
the median age approximately fifty years old), as well as into male
and female listeners. The factors that were considered in thg analysis
of the sentence data were: Noise Type, Talker Gendef, Age, Experi-
mental Group and Listener Gender. The factors considered for the
nonsense syllable data were: Experimental Condition, Talker Gender,
Age, Experimental Group and Listener Gender,

After all the data were analyzed it was discovered that the
sentence recordings for one of the five male talkers was produced at
a slightly lower signal-to-noise ratio (-5 dB) than the other recordings

64



65

which were at 0 dB. In order to determine whether this disparity
would affect the major results, the scores for this talker and a
corresponding female talker who did the same experimental conditions
were eliminated from the data and the analyses of variance repeated
using mean scores across conditions for the varying experimental
groups. It was fouhd that while there were small differences

between the mean scores for the two analyses (on the order of 2-3
percentage points as shown in Table 2), the main effects and statis-
tically significant trends were the same whether four or five talkers
were used in the analysis.

It was desirable to use the five talker data, however, since
the male talker with the lower signal-to-noise rat'rio was the same
talker for whom nonsense syllable data were available for the sub-
jects in the study. ‘In order to correct for the 5 dB difference on the
sentence materials, additional dgta were collected for a new group
of subjects in which both the 0 dB and -5 dB signal-to-noise r_atios
were used on CHABA sentences for this talker. Five listener
groups of five subjects who matched the experimental criteria were
used for this supplementary study.

From these data the effect of a 5 dB change in signal-to-noise
ratio was determined for the same noise, experimental group, and
talker. The data of the main study for this talker t;nder these

conditions was then adjusted for these changes. The original scores
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MEAN PERCENTAGE SCORES FOR COMPARISON OF

SENTENCE DATA FOR FOUR TALKERS PER
GENDER GROUP VS. FIVE TALKERS

PER GENDER GROUP

4 Talkers 5 Talkers
Variable Condition % Correct % Correct
Gender Male 54 53
Female 63 67
Experimental High-pass 64 64
Condition Low-pass 86 86
White 68 71
Male-spectrum 35 39
Female-spectrum 39 42
Experimental Conductive H. L. 56 57
Group Normal hearing 49 51
Flat sensori-neural 65 68
Moderately sloping
sensori-neural 64 65
Severely sloping :
sensori-neural 59 62
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as well as the corrected scores are presented in Appendix K.

As a check, the d;ata were analyzed both for the original
data (with the lower signal-to-noise ratio) as well as for the adjusted
data. The two analyses provided essentially the same results, in
that the same main effects and second-order interactions were found
to be statistically significant. The magnitude of the difference varied
by approximately 5 percent; the major difference between the two
analyses was that there were more statistically significant higher-
order interactions for the adjusted data. From this point on, only
the sentence data with the adjustments are considered. The syllable

data did not involve any adjustments.

Main Analysis

Effect of Listener Gender

As was noted earlier it was of interest to test for Listener
Gender. Because of limitations in the available subject pool, it was
not possible to have exactly five subjects of each gender in each of
the cells of the experimental design. The number of subjects in each
cell varied from a low of three to a high of eight, although in the
majority of cases there were five listeners per cell. However, if one-
pooled the data over the Age factor, one ‘could test for Listener Gender
in a balanced design of ten subjects per cell thereby allowing for a

more powerful statistical test for the effect of Listener Gender in all
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combinations of variables except Age. This was done recognizing that
the analysis might not detect any interaction between Age and Listener
Gender. This was done in a four factor analysis of variance where
the factors considered were Listener Gender, Talker Gender,
Experimental Condition, and Experimental Group. The scores for
different listeners were treated as replications.

The results showed that for neither the sentences nor the
nonsense syllables was Listener Gender a significant variable. It
was therefore decided tinat the male and female listeners could be
grouped together for the remainder ofthe analyses. This allowed for
more powerful statistical tests for all of the remaining variables. Tt
should also be noted that since no significant effects were obtained for
Listener Gender (neither main effects nor any interactions with other
variables), it seemed unlikely that there might be an interaction
between Listener Gender and Age--the one interaction that could not
be tested directly in this analysis.

Sentence intelligibility: Subjects
with hearing loss

An analysis of variance was performed on the sentence
scores for all hearing-impaired subjects. Four factors were con-
sidered: Type of Noise (high-pass, low-pass, white, male-spectrum
and female-gpectrum shaped noise), Talker Gender (male or female),

Age (five oldest vs. five youngest per group), ExperimentalvGroup
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(conductive, flat sensori-neural, moderately sloping sensori-neural,
and severely sloping sensori-neural hearing loss). There were ten
subjects per experimental group.

The results of the analysis of variance are shown in Table 3.
The arc-sine transformation was used in order to stabilize the error
variance (Edwards, 1958). A key assumption of the analysis of
variance is that the error variance is the same for every éell. It
can be shown, however, that estimates of a- proportion have a vari-
ance that is dependent on the value of the proportion. If the arc-sine
transformation is used, the variance is approximately 1/n where n
is the number of items in the test.

The age and hearing loss factors necesse:rily involved differ-
ent subjects. Hence, in testing for statistical significance of these
factors (and any interactions involving these factors), the between-
subject variation was used as the residual variance (i. e., the denomin-
ator in the F-test). The Noise and Talker Gender factors (and
Noise-Gender interaction) were varied over their entire range for
each subject. In this case, the highest order interaction in the analysis
of variance provided an estimate of the within-subject variability and
was used as the denominator in the F-test. It is important to recog-
nize that there are limitations to the degree that one can generalize
about the observations relating to gender effects.

Since every subject received every talker under every
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TABLE 3
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Source of Degrees of Mean Signif.
Variation Freedom  Squares F-Ratio Level
Noise (N) 4 .39 54.07 . 001
Talker Gender (G) 1 .13 18.38 , 001,
NG Interaction 4 .01 2.63 . 005
Within subject variation 48 . 00

Age (A) 1 .05 7.61 . 001
Experimental group (P) 3 .04 5.91 . 001
AP Interaction 3 .14 19.29 . 001
NA Interaction 4 .00 1.18 .010
GA Interaction 1 . 00 .61

NGA Interaction 4 . 00 1.34

NP Interaction 12 .01 2.12 . 005
GP Interaction 3 .00 .24

NGP Interaction 12 .01 1.41 . 001
NAP Interaction 12 .02 3.45 . 001
GAP Interaction 3 .00 .15

NGAP Interaction 12 .01 2.03 . 005
Between subject variation 272 .01
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condition, statistically powerful tests are available for establishing
average differences between the five male and five female talkers
used in the study. It is much more difficult to establish whether
male talkers; in general are more intelligible than female talkers
selected at random from the population because of the very large
ciifferences between talkers. This point will be discussed again later
when the scores for the individual talkers are compared.

As shown in Table 3, all the main effects were found to be
statistically significant. In addition, there were significant inter-
actions between Noise-Talker Gender, Age-Experimental Group,
Noise-Experimental Group, and Noise?Age. A three-way interaction
was indicated between Noise-Age-Experimental G'i"oup and Noise-
Gender-Experimental Group. There was one four-way interaction
indicated between Noise-Gender-Age-Experimental Group. The

effects found to be statistically significant are described below.

Noise (Experimental Condition). The data on effects of

masking noise are summarized in Table 4. The mean scores for the
five types of masking noise have been ranked in terms of effective-
ness of masking, with the male and female-spectrum shaped noise
being the most effective maskers and the low-pass noise providing

the least effective masking.

Talker Gender. Significant talker gender differences were




TABLE 4

SENTENCE INTELLIGIBILITY SCORES FOR HEARING
IMPAIRED LISTENERYS IN THE PRESENCE
OF MASKING NOISE
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Masking Noise Percent Correct
Male-spectrum shaped noise 44.3
Female-spectrum shaped noise 46.1
High-pass noise 63.7
White noise 75 4

Low-pass noise 81.8
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obtained (p £ .001), the male talkers obtaining a 57.0% mean score

as compared with the 65. 9% mean score for the female talkers.

Age. The effect of age was of smaller magnitude but not
unimportant. It was found that the scores for the younger subjects
were higher than for the older subjects (64.2% vs. 58.6%) when
averaged over all experimental groups. As shall be seen later,
however, this advantage for the younger listeners does not hold

across all four hearing impaired groups of listeners.

Experimental Group. In comparing the data for the four

groups of hearing impaired listeners, the conductive hearing loss
group should be considered separately since a 1ovs;<;r S/N ratio

(-15 dB) was used for masking the sentence materials. As a fesult,
the average scores for this group of listeners were well below those

of the other listening groups, as shown in Table 5.

Age-Experimental Group Interaction. The advantage shown

for the yoﬁnger listeners does not hold across all four experimental
groups. It was found that there was a reversal of this advantage for
the conductive hearing loss group where the older listeners had an
18 percent higher mean score than the younger group. For the
sensori-neural hearing loss groups the older listeners consistently

scored lower than their younger counterparts with the differences



TABLE 5

SENTENCE INTELLIGIBILITY SCORES FOR FOUR
EXPERIMENTAL GROUPS OF LISTENERS
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Experimental Group

Percent Correct

Conductive hearing loss
Flat sensori-neural loss

Moderately sloping
sensori-neural loss

Severely sloping
sensori-neural loss

95.3

67.5

62.3

60.6
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ranging from approximately 8 percent to 28 percent. Figure 14 pre-
sents the results of the Age~-Experimental Group comparison. It
should be noted that in this and all future figures (and tables) show-
ing statistically significant interactions, the data are represented in
terms of percent-cor"rect score. The analysis in which the statistical
significance was established, however, was done in terms of an

arc-sine transformation of the data.

Noise-Gender Interaction. In none of the five different noise

situations does the male talker obtain as high a mean score as the
female talker. The differences in score, however, varied between
noise conditions as is seen in Figure 15. The re]:gtive intelligibility
of the female talkers compared to the male talkers improved system-
atically from male-spectrum shaped noise (less than 1%) to high-pass
(4. 6%), white (13%), female-spectrum shaped (13.4%) to low-pass
(16.5%) noise. The numbers in parenthesis indicate the difference in

percent score between the male and the female talkers.

Noise (Experimental Condition)-Experimental Group Inter-

action. Figure 16 shows the average scores for each Experimental
Group for each Experimental Condition. On average, the highest
scores were obtained for the low-pass noise, followed by the white
and high-pass noise and then the male-spectrum and female—séectruin

shaped noise. However, the ranking of scores by Experimental Group



Fig. 14. Mean percent scores for the age-experimental
group interaction on the analysis of variance for the sentence data.
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Fig. 15. Mean percent scores for the experimental condition
(noise)-gender interaction on the analysis of variance for the sentence
data.
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Fig. 16. Mean percent scores for the experimental condition-
experimental group interaction on the analysis of variance of the
sentence data.
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differed within each noise type. For example, for the white noise
the listeners with the severely sloping sensori-neural hearing losses
showed the highest scores whereas for the low-pass noise the
listeners with the relatively flat hearing losses showed the highest

scores.

Experimental Condition-Age Interaction. Figure 17 shows

the average scores for each noise type for the two age groups. In all
cases, the younger listeners obtained higher scores than the older
listeners but the magnitude of this difference varied according to
experimental condition. The smallest difference occurred with the

white noise (1 percent).

Noise-Age-Experimental Group Interaction. Two three-level

interactions were found to be statistically significant. Figure 18
shows the percent scores for each listener group and age group as a
function of noise type for the first of these interactions. For the most
part the younger listeners obtained better scores than the older listen-
ers, a consistent exception being those listeners with conductive
hearing losses and sometimes those with flat sensori-neural hearing
losses. Also indicated is that, on average, the differences in score
between the age groups increase for the male-spectrum and female-
spectrﬁm shaped noise conditions. The percent differences for the

noise conditions are ranked as follows: white (5%), low-pass (11.5%),
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Fig. 17. Mean percent scores for the experimental condition-
age interaction on the analysis of variance of the sentence data.
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Fig. 18. Mean percent scores for the experimental condition-
age-experimental group interaction on the analysis of variance of the
sentence data.
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high-pass (14. 5%), female-spectrum shaped (22. 8%) and male-

spectrum shaped noise (25.8%).

Noise-Gender-Experimental Group Interaction. The second

statistically significant three-level interaction was the Noise-Gender-
Experimental Group interaction. ‘I'hese data are presented in
Figure 19,

Thpse effects for Noise, Gender and Expgrirﬁental Group
described earlier are evident from this diagram. On average the
intelligibility scores decreased éystematically for the low-pass noise,
white noise, high-pass noise, female-spectrum and male-spectrum
shaped noise. Similarly there is an average decrease in intelligibility
score in going from the flat to the severely sloping s.ensori-neural
hearing loss group. The conductive listeners had a score compar-
able to that of the flat sensori-neural hearing loss group, but it
should be remembered that the conductive hearing loss group had a
S/N ratio of -15 dB for the sentence materials while the sensori-neural
hearing loss groups had a 0 dB S/N ratio. Thirdly, in all but two
cases the female talkers obtained higher intelligibility scores than
the male talkers. However, the magnitude of this difference was
greater for the low-pass noise, on average, as compared to the male-.
spectrum shaped noise (indicative of the interaction between Gender

and Experimental Condition). The two conditions in which the male
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Fig. 19. Mean percent scores for the experimental condition-
gender-experimental group interaction on the analysis of variance of
the sentence data.
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talkers obtained higher mean scores than the female talkers,
occurred with the same Experimental Group (the conductive hearing
loés group) but only for two Experimental Conditions (high-pass and
male-spectrum shaped noise) is one aspect of the three-way inter-

action between these variables.

Noise-Gender-Age-Experimental Group Interaction. Only

one four-level interaction was found to be statistically significant.
Figures 20a-e show this interéction. As before, the main effects

are evident in that the intelligibility scores decréased systematically
for the different Experimental Conditions, the female talkers general-
ly obtained higher intelligibility scores than the n}:atle talkers and
there was a decrease in score within each Experimental Condition
with variations per Experimental Group.

In addition, the figures show that there ére a number of
situations in which the older listeners obtained higher intelligibility
scoreAs than tile younger listeners. Table 6 preéents"che age differ-
ence scores for both the male and female talkers for all Experimental
Groups and Experimental Conditions. It is evident from this table
that the reversal in expected results (older scoring better than
younger listeners) occurred only for the conductive hearing loss
group, but not for every Experimental Condition. In particular;

higher scores were obtained for the younger conductively impaired
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Figures. 20a-e. Meun percan: gcores for the experimental
condition-gender-age-experimental group interaction on the analysis
of variance of the sentence data (a = white noise; b = high-pass noise;
¢ = low-pass noise; d = female-spectrum shaped noise; e = male-
spectrum shaped noise) of the hearing-impaired subjects.
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TABLE 6

AGE DIFFERENCE SCORES FOR MALE AND FEMALE TALKERS FOR THE EXPERIMENTAL
. .CONDITIONS AND EXPERIMENTAL GROUPS CONSIDEREDY . .. ...

Experimental Group**

1 3 -4 5 -+ -. Mean - Mean
' Talker

_Noise : .- M .. P M F. M F ‘M - B M .- F
High pass 14 -8 -1 -20 27 31 8 2 12 1.3 6.7
Low pass -27 -5 -5 1 31 23 19 6 4.5 6.3 5.4
White -27 22 3 2 1 19 2 -8 -5.3 8.8 1.8
Male-spectrum -14 -34 3 54 21 51 13 15 5.8 21.5 13.7
Female-spectrum -41 -36 39 22 24 6 -2 17 5 2.3 3.7
Mean -19 -12.2 7.8 11.8 20.8 26 8 . . 6.4 4.4 7.8 6.1
Mean -15.6 9.8, 23.4 - . . 7,2 ... 6.2

*Difference scores were obtained by subtracting younger-older; negative number indicates the
higher score was obtained by the older subjects.

*xGroup 1 indicates the conductive listeners.
Group 3 indicates flat sensori-neural listeners.
Group 4 indicates moderately sloping sensori-neural listeners.
Group 5 indicates severely sloping sensori-neural listeners.

L6
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listeners for the male talkers in the presence of high-pass noise and
for the female talkers in the presence of white noise. In all other
Experimental Conditions, the older conductive hearing loss group
obtained higher intelligibility scores than the younger subjects.
Within the sensori-neural groups the least advantage for the
two age groups was obtained with the severely sloping sensori-neural
group where the scores were within seven percentage points. The
largest age difference (23 percentage points) for thesé sensori-
neural subjects was found for the moderately sloping group, the'age
difference for the listeners having a flat sensori-neural hearing loss
was on the order of 10 percentage points which falls between the other
two groups. With respect to Experimental Condit-‘i’on, ‘the smallest
age difference occurred for the white noise (1.8%), followed by the
female-spectrum shaped noise (3. 7%), low-pass noise (5.4%),
high-pass noise (6. 7%), and male-spectrum shaped noise (13. 7%).

Sentence Intelligibility: normal
hearing subjects

A separate analysis was performed on the data obtained from
the normal hearing subjects because, as discussed earlier, the age
range for these listeners was very small and no older subjects were
tested.

In order to examine the data from the normal hearing

listeners, an analysis of variance was performed between the sentence
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scores of the listeners with conductive hearing losses and the normal
hearing subjects, bearing in mind that the effects of age might not be
the same for the two groups of listeners (mean age 25. 9 years for the
normal hearing listeners and 50. 4 for the conductive hearing loss
group).

The conductive hearing loss group was chosen because it was
expected that there would be the greatest similarity between the two
groups on the basis of discrimination ability. In addition, these two
groups had the same S/N ratio (~15 dB) in contrasti to the sensori-
neural groups which had a higher S/N ratio of 0 dB.

Table 7 presents the results of this analysis of variance
between the normal hearing and conductive hearing loss subject
groups. The results showed essentiaﬂy the same type of findings as
for the hearing-impaired listenefs. Specifically, that Experimental
Condition (masking noise), Talker Gender and the Noise-Gender inter-
action were statistically significant as well as the Experimental Gfoup
and its interactions with Noise and Noise-Gender.

The mean scores for the Noise, Talker Gender and Noise-
Gender interactions for the two groups are presented in Table 8. An
examination of these scores indicates that in most instances the
scores for the two groups were very similar. The differences, while
statistically significant, were not large. The conductive listeners

obtained higher mean scores than the normal hearing listeners at an



100

TABLE 7

ANALYSIS OF VARIANCE FOR SENTENCE SCORES OF
NORMAL AND CONDUCTIVE HEARING LOSS
GROUPS OF LISTENERS

Source of Degrees of  Mean ‘ Signif.
Variation Freedom  Squares F-Ratio Level

Noise (N) 4 . 48 ©40.05 . 001
Gender (G) 1 .01 1.25 . 025
NG Interaction 4 . 02 2.44 . 005
Within subject variation 36 .01

Experimental group (P) 1 . 07 6.24 . 005
NP Interaction 4 02 2.40 . 005
GP Interaction 1 .00 .73

NGP Interaction 4 .01 1.42 . 025
Between subject variation 144 .01




TABLE 8

MEAN SENTENCE SCORES (PERCENT CORRECT) FOR NORMAL HEARING AND CONDUCTIVE

HEARING LOSS GROUPS BY TALKER GENDER AND NOISE CONDITION

Gender

Male Female
Noise HP LP WN MSN FSN Mean HP LP WN MSN FSN Mean
Normal
hearing 58.7 95.4 58.5 24,3 15.6 50.5 48.6 93.9 51,9 27.0 27.6 49.8
Conductive
hearing loss 58.9 80.3 51.7 42.9 31.5 53.1 49.5 95.5 178.8 22.7 51.7 61.0
Mean 58.8 87.9 55.1 33.6 23.6 51.8 49.1 24.7 65.4 28.4 39.7 55.4
HP - High pass noise
LP - Low pass noise
WN - White noise
MSN - Male-spectrum shaped noise
FSN - Female-spectrum shaped noise

10T
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equal S/N ratio (55.3% vs. 46.8%). Male talkers generally obtained
lower scores than female talkers for both listener groups with the
most noticeable exception occurring for the high-pass noise where
the normal hearing group for the male talkers obtained a 10 percent
higher mean score than the female talkers. Figure 21 presents the
mean scores for the Noise-Gender-Experimental Group interaction.
It is noteworthy that the masking effectiveness rankings
presented earlier for the four hearing impaired listener groups
remain zonstait when the normal hearing subjects arsz introcﬁced:
the low-pass noise being the least effective masker (94.6% ﬁean
score for the normal hearing subjects), followed by white noise
(55.1%), high-pass noise (53.5%), male-spectrum-shaped noise

(25. 6%), and female-spectrum shaped noise (21. 2%).

Inter-talker differences

Since different talkers were used for different combinations
of experimental conditions and groups, it was difficult to estimate
inter-talker diffei'ences directly. However, it is possible for each
combination of noise, talker and experimental group to be ranked on
the basis of the relative performance of the different talkers.

For each combination of experimental group and condition
three talkers were used per gender making it possible to rank the

talkers in terms of relative intelligibility in sets of three. These
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Fig. 21. Mean percent scores for the experimental
condition-gender-experimental group interaction on the analysis of
variance for the sentence data of the normal hearing and conductive
hearing loss groups. i
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rankings are shown in Table 9. The five Experimental Groups are
represented in thé columns and the five Experimental Conditions

are represented in the rows. The six entries per cell show the
identities of the three male and three female talkers ranked in order
of intelligibility.

Certain trends are evident from the table. Of the male
talkers, M5 showed the highest intelligibility scores in almost every
case. M4 was consistently the next most intelligible talker (and
best in thoée cells where M5 was not represented), M1, M2, M3
showed similar intelligibility scores, and their relative rankings
varied between conditions. Of the female talkers, F2 consistently
obtained the highest intelligibility scores. F'3 anci:Fé showed simi-
lar rankings, consistently below F2 and above both F1 and F5. F1
and F5 showed essentially the same rankings.

It is interesting to note that while the females obtained higher
intelligibility scores, on average, the best male talker was consistent-
1y better than at least two of the female talkers (F1 and F5) ané
roughly comparable to F3 and F4. The lowest intelligibility scores
for both the male and female talkers were about equal. In comparing
male and female talkers the female talkers were ranked higher, on
average, but the two groups overlapped consistently. In orﬂy one of
the fifteen conditions considered, the low-pass noise condition for

the severely sloping sensori-neural listeners, the female talkers are



TABLE 9

TALKER RANKINGS IN ORDER OF INTELLIGIBILITY SCORES (WITH SIX ENTRIES PER CELL

REPRESENTING THE SIX TALKERS PER CONDITION)

Experimental Group*

Noise Talker 1 2 o ' 3 _ o 4 ‘ 5
High-pass M M4M3 Mi M4M3 M1 MI1M3M4 M4 M3 M1 M3 M4 M1
F F1F5F3 F5F1F3 F3F1F5 F3F5 F1 F3 F1F5
M2
Low-pass M M3 M2 M1 MI1M2M3 M1 M3M2 MIMZ M3 M3M1
F F3FbH F4 F3r4 F5 F3F4 F5 . F4F3 F5 F3F5F4
White M M5M1 M2 M5 M2M1 M5M2 M1 M5M2Z2 M1 M5 M2 M1
F F2F3 F1 F2 F3 F1 P2 381 2 Fl F3 F2 F3 F1
Male- M M4AM?2ME M5 M4M?2 ! M2M5M4 M5M4 M2 M5M4 M2
spectrum F 72 F4F1 F2 F4 F1 F2F4 F1 F2 F1F4 F2 F4 F1
Female- M M5 M4M3 M5M4 M3 M5M4 M3 M5 M3M4 M5 M4M3
spectrum F F4 F2F5 F2 F4F5 - F2 F4F5 FS5F4F2 F4F2 FbH

*Numbers refer to group assignments used throughout the 'study (see Table 6).

90T



107

more intelligibile than the male talkers. In one other case, high-
pass noise fbr the flat sensori-neural group, there was marginal
overlap in that the lowest ranked female talker was equal in intelli-
gibility tothe highest male talker. In all other conditions one or
more male talkers were ranked above one or more female talkers in
terms of relative intelligibility.

An additional factor affecting the relative rankings between
the male and female talkers is the gspectrum of the masking noise.
When the high-pass noise is presented the male talkers score higher
(more intelligible) than the female talkers. When the masking signal
is white noise the female talkers are more intelligible. When low-
pass noise is presented the effect is the same. For male-spectrum
shaped noise the female talkers are better, but for the female-~
spectrum shaped noise the results are mixed.

In summary, there appears to be a consistent pattérn showing
large differences between talkers, but the female talkers, on the.
average, were more intelligible than the male talkers in the study.

In particular, the best female (F2) is consistently more intelligible
than the best male (M5). In addition, it was determined that the
spectrum of the masking noise affects the relative differences between.

the male and female talkers.
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Summary: Sentence Intelligibility
for all subjects

The following effects were found to be significant for all
listeners whether or not they were hearing impaired:

1. The female talkers were, on average, more intelligible
than the male talkers (even after the adjustment for the low signal-
to-noise ratio for one male talker).

2. There are consistent masking noise effects with the differ-
ent maskers producing different amounts of intelligibility decrement.
The low-pass noise was the least effective masker, followed by white
noise, high-pass noise, and finally male-spectrum and female-
spectrum shaped noise.

3. For the hearing-impaired subjects, i.ntelligibility
scores for the groups decreased as the high frequency sensori-neural
hearing loss increased. Age was also found tc be a significant
factor, but an unexpected interaction was noted for the conductive
hearing loss group where the older subjects consistently scored higher
than their younger counterparts.

Syllable Discrimination: subjects
with hearing loss

The same sequence of analyses was followed for the nonsense
syllables as was used for the sentences. These analyses were then

followed by an analysis of the error patterns obtained with the non-
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sense syllables. In all analyses involving the nonsense syllables, the
percent correct score is used. Any adjustments for random guessing
effects were not included.

The first analysis of variance considered the following
factors: Experimental Condition, Talker, Age and Experimental
Group. The method used for testing statistical significance for
between and within subjects was the same as was used in the earlier
seqtions. Also as discussed earlier, the normal hearing listeners
were not included in the main analysis of variance in order that age
might be one of the variables.

As can be seen in Table 10, all of the main effects were found
to be statistically significant: Experimental Condition, Age, Gender

and Experimental Group. These factors are discussed below.

Experimental Condition. The four experimental conditions

showed large differences in mean score. The highest scores were
obtained for the +6 dB [octave slope condition. Scores for the 0 dB/
octave slope and the -6 dB/octave slope conditions were very similar
and there was a very large drop in the scores for the noise condition.
The mean scores for each of the Experimenfal Conditions are shown

in Table 11.

Talker. Large talker differences were obtained with the male

talker obtaining a 66.1 percent mean score as compared to a
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TABLE 10

ANALYSIS OF VARIANCE FOR NONSENSE SYLLABLE
SCORES OF HEARING-IMPAIRED LISTENERS

Source of Degrees of Mean Signif.
Variation Freedom  Squares F-Ratio Level

Experimental condition (F) 3 7.52 483.20 . 001
Talker (G) 1 .bb 35, 54 . 001
FG Interaction 3 . 07 4,82 . 007
Within subject variation 99 .01

Age (A) 1 .65 5.70 . 005
Experimental group (P) 3 3.27 .. 28,68 . 001
AP Interaction 3 1.00 8.77 . 001
FA Interaction 3 .00 .05

GA Interaction 1 .08 7.39 . 001
FGA Interaction 3 . 02 .21

FP Interaction 9 .09 .82

GP Interaction 3 .00 .04

FGP Interaction 9 .01 .16

FAP Interaction 9 .14 1.28 . 001
GAP Interaction 3 .02 .19

FGAP Interaction 9 .01 .09

Between subject variation 220 .11
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TABLE 11

NONSENSE SYLLABLE SCORES FOR HEARING IMPAIRED
- LISTENERS FOR FOUR EXPERIMENTAL CONDITIONS

Experimental Condition Percent Correct
0 dB/octave slope . 68.3

+6 dB/octave slope 77.4

-6 dB/octave slope 66.8

0 dB/octave slope + noise ~42.8
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62.2 percent mean score for the female talker when averaged
across all conditions. In comparison, on the sentence data, this
same male talker obtained a higher score than the corresponding

female talker for the same noise conditions.

Age. The effect of age on the nonsense syllable materials
was of approximately the same magnitude as the effect of talker
gendgr. The younger listeners obtained higher scores than the older
subjects, averaged over both Experimental Group and Experimental
Condition. The mean score for the younger listeners was 66.4

percent as compared to a 62. 0 percent for the older subjects.

Experimental Group. The average scores for the four experi-

mental groups considered in this analysis show a similarity based
upon the audiological configuration of the hearing loss. The mean
scores for the conductive and flat sensori-neural groups were almost
identical (72.0% vs. 72.5%). The moderately sloping and severely
sloping sensori-neural groups obtained scores markedly below the
previous groups but with similar mean scores of 57.4% and 54. 0%,

resgpectively.

Age-Experimental Group Interaction. The results of the

Age—Experime.ntal Group Interaction are presented in Figure 22. As

can be seen in‘the figure, there are differences in the performance
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Fig. 22. Mean percent scores for the hearing impaired
listeners for the age-experimental group interaction on the analysis
of variance of the nonsense syllable data.
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of the conductive and flat sensori-neural groups compared to the two
sloping sensori-neural groups. The older listeners with the flat
losses obtained higher scores than their younger counterparts,
although the differences are not large. This situation is reversed
for the two sloping sensori-neural groups where the younger subjects
obtained the higher scores and the magnitude of the mean differences
increased markedly from 2% to 5% for the flat configurations to 7% to

18% for the sloping groups.

Gender-Age Interaction. Figure 23 presents the results of

the Gender-Age interaction. In this comparison the male talker
obtained the higher mean score for both the younger and older
listeners, although the difference between the groups for the female

talker is of smaller magnitude than the male talker.

Experimental Condition-Gender Interaction. Figure 24 shows

the scores for the male and female talker on each experimental con-
dition. On average, the scores for each condition show. a systematic
decline going from the +6 dB/octave slope filter condition to the 0 dB/
octave slope filter condition, to the -6 dB/octave slope condition, to
the noise condition. The scores for the male talker are consistently
higher than those for the female, but the magnitude of the difference
changes between Experimenfal Conditions. For example, it is only

2.5 percentage points for the -6 dB/octave slope condition, whereas
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Fig. 23. Mean percent scores for the gender-age interaction
on the analysis of variance of the nonsense syllable data of the hearing
impaired listeners.
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Fig. 24. Mean percent scores for the experimental condi-
tion-gender interaction for the analysis of variance on the nonsense
syllable data of the hearing impaired listeners.
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for the noise condition, the score for the male talker is over 9 percent

higher than that of the female talker.

Experimental Condition-Age-Experimental Group Interac-

tion. Only one three-level interaction was found to be statistically
significant. Figure 25 shows the percent scores for each listener and
age group as a function of experimental condition. For the most part
‘ the younger listeners obtained better scores than the older listeners,
with the exception being the conductive hearing loss group. Also
indicated is that the range of scores within experimental conditions
was large for the -6 dB/octave slope condiﬁon, and relatively small
for the +6 dB/octave slope and spectrum—shaped noise conditions.

Syllable Discrimination:
normal hearing subjects

A separate analysis of variance was used in analyzing the
data obtained for the normal hearing listeners. As was done in the
analysis of the sentence méterials, both normal hearihg and conduc-
tively impaired subjects were included in this analysis because there
was reason to expect similarities in the performance of the two
groups.

Table 12 shows the results of the analysis of variance. The

results of the analysis show that both of the factors which are varied

within each subject are statistically significant, namely Experimental
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Fig. 25. Mean percent scores for the experimental condi-
tion-age-experimental group interaction for the analysis of variance
of the nonsense syllable data of the hearing impaired listeners.
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ANALYSIS OF VARIANCE ON NONSENSE SYLLABLE

TABLE 12

MATERIALS FOR NORMAL HEARING AND
CONDUCTIVE HEARING LOSS GROUPS
OF LISTZNERS

123

Source of Degrees of Mean Signif.
Variation Freedom Squares F-Ratio Level
Experimental

condition (F') 3 10989.0 620. . 001
Talker (G) 1 743.9 . 001
FG Interaction 3 106. 8 6. 03 . 003
Within subject

variation 17 17.7
Experimental

group (P) 1 6088.5 3.48 . 010
FP Interaction 3 94.9 .05
GP Interaction 1 o1 .00
FGP Interaction 3 7.5 . 00
Between subject

variation 117 1747.5
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Condition and Talker effects. Of the factors varied across subjects,
Experimental Group was found to be statistically significant.

Since the effect of hearing loss was shown to be significant,
the mean scores for the two groups were then examined. Those
scores are presented in Table 13. The normal hearing listeners
obtained higher mean scores (82.4%) than the conductive hearing loss
group, the latter obtaining a mean score of 70.0%. Upon comparison
with the mean scores of the sensori-neural groups, it was found that
the conductive and flat sensori-neural groups yielded essentially the
same score (71%), and the scores for the sloping sensori-neural |
groups decreased from 57% to 53% as the high frequency involvement
increased. As was the case for the sentence matétrials, the normal-

hearing subjects obtained the highest scores of any of the Experimental

Groups.

Summary: nonsense syllable
discrimination

The analyses on the nonsense syllable scores indicated that:

1. The +6 dB/octave slope filter condition provides the
greatest intelligibility for all listeners of all ages.

2. Masking by speech-spectrum shaped noise produced the
lowest syllable discrimination scores for all listeners of all ages.

3. The male talker was consistently more intelligible than

the female talker for all Experimental Groups, Experimental



MEAN NONSENSE SYLLABLE PERCENT SCORES FOR NORMAL AND CONDUCTIVE

TABLE 13

HEARING LOSS GROUPS BY TALKER AND EXPERIMENTAL CONDITION

e
e—p—

et
et ——

e
—

—
——

Talker

Male Female
Experimental
Condition +6 -6 0 Noise Mean +6 -6 0 Noise Mean
Normal hearing 95,7 92,0 89.9 60.4 84.5 93.5 88.8 87.1 b51.6 80.3
Conductive
hearing loss 82.5 76.9 77.7 51.8 72.2 79.3 172.2 77.3 42,6 67.9
Mean 89.1 84.5 83.8 56.1 93.8 86.4 80.5 82.2 47.1 74.1

Ggtl
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Conditions and Ages.
4. The flat audiometric configuration obtained higher scores
than either of the sloping sensori-neural groups.

Effects on individual
nonsense syllables

In order to examine the effects of the experimental variables
on individual syllables of the nonsense syllable tést, confusion
matrices were obtained for each‘ combination of the main factors, i.e.,
Experimental Group, Talker, Experimental Condition and Age. The
rows of each confusion matrix represent the intended syllables
(i.e., targets) and the columns identify the syllable intended by the
listener (i.e., responses).

Two analyses were performed. The first dealt with the
frequency of correct identification of each syllable. These data
were provided by the proportions in the diagonal cells of the matrix.
The second analysis dealt with the confusions, i.e., entries in cells
other than the diagonal. The analysis of correct identification will be
described first.

Analyseé of variance were performed on the target respons-
es of each matrix. Sets of four factors were considered for each sub-

test: Syllable, Talker, Experimental Condition and Experimental
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Group (or Age). 3

A separate analysis of variance was done for each subtest
since the target syllables differed between subtests. Table 14 pre-
sents the results of these for each subtest of the nonsense syllable
test. As can be seen in'Table 14, there are certain factors that con-
sistently show statistically significant differences. These were
Target Syllable, Experimental Condition and Experimental Group. Of
the interactions considered, only Target Syllable-TalkerGender,
Target Syllable-Experimental Condition and Target Syllable-Experi-
mental Group interactions consistently show statistically significant
effects.

Of primary interest in this section are the Target Syllable
effects and any interéctions involving the target syllables; the effects
of the other variables in the analysis have been discussed earlier.
Table 15 pregents the mean scores for each target in the analysis.

In this table the rows represent the target syllable and the columns
represent the percent correct for each target for each individual sub-
test. The table separates the targets into voiced and voiceless con-
‘sonants and reveals several trends regarding the target syllables:

1. The syllables with voiced consonants typically showed

3It was not possible to compare Experimental Group and Age
variables for all combinations of these two variables since the
normal-hearing group consisted of young listeners only.
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SIGNIFICANCE LEVELS FOR THOSE EFFECTS INVOLVING

DIFFERENT TARGETS OF THE NONSENSE SYLLABLE
SUBTESTS CONSIDERED BY EXPERIMENTAL GROUP

Subtest

Source of
Variation 1 2 3 4 5 6 7
Targét (T) .00t .001 .001 .001 .001 ,001 .001
Talker (G) .597 .313 - .,001 .,001 .001 .029 .004
1'G Interaction .001 .001f .001 .14 .,001 .001 | . 001
Experimental

condition (F') .001 .001 .001 .001 .001 .001 .OO1
TF Interaction .001 .001 .001 .001 .001 .001 .001
GF Interaction .083 .790 .043 .044 .173 .059 .004
TGF Interaction .275 .063 .001 .076 .380 .00l .013
Age (A) .001 ,001 .001 | .001 .001 ,001 .001
TA Interaction .218 .024 .357 .097 .005 .001 .010
TE Interaction .001 .001 .001 .002 .007 .001 .001
GE Interaction .306 .,170 .012 ,593 .566 ,306 .552
TGE Interaction .375 .060 .004 .651 .095 .234 .016
FE Interaction .441 ,002 .,004 .166 .004 .044 . ;56
TFE Interaction .583 .034 .919 .800 .431 .023

. 001




MEAN SCORES FOR EACH TARGET OF THE NONSENSE SYLLABLE MATERIALS BY SUBTEST

TABLE 15

-Voiceless Consonants

Subtest
Number Type p t k f e s 4 tj h
1 after /a/ 77 .70 .69 .41 .23 .54 .82
2 after /u/ .87 .62 .88 .77 .59 .49 .53
3 after /i/ .49 .7 .74 .18 .41 .64 .81
Mean (average after .64 .69 ,70 .46 .41 .55 .74
vowel)
5 before [af .76 .73 .70 ,77 .55 .76 .74 .86 .74
Mean (average .67 ,70 ,70 .53 .45 .61 .74
1+2+3+5)

621



TABLE 15--Continued

Subtest

Voiced Consonants

Number Type b d g v % z m n N 1 w j d_} Coor
6 before /a/ .82 .81 .77 .86 .65 .87 .84 .8l
7 before [a/ .54 .80 .72 .24 .62 .72 .84 .89
Mean (average 6+7) .68 .80
4 after Ja/ .70 .76 .68 .49 .12 .79 .77 .80 .85
Mean (average .69 . '%9 .72 .36 .37 .76 .89 .84
6+7+4)

01
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higher overall mean scores than those with voiceless consonants.

2. There were differences in mean score between the differ-
ent targets for the same consonants with different vowel environments.
For example, the weak fricative consonants /f/ and /8&/ had higher
intelligibility after /u/ and low intelligibility after /i/.

3. There were differences in target syllable discriminability
depending on the ensemblé of possible responses in a subtest. For
example, the target /b/ is presented before the vowel /a/ for both
ssubtests six ana seven, yet in orie subiesi the mean score is' 82% while
in the other it is 54%.

4. Higher scores were obtained, on the average, for voice-
less consonants in the initial position as opposed to the final position.
This effect was greater for the fricatives than the plosives. Initial-
final differences for voiced targets varied according to consonant
type. ‘

In addition to the major trends cited above, a number of
interactions were observed. The largest interactions are reported

below and the more detailed tabulations are presented in Appendix L.

Target Syllable-Talker Interaction. For the voiced conso-

nants the male talker obtained higher scores than the female talker.
For the voiceless targets this situation follows even though the advan-

tage in male talker intelligibility is less.
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Although for most consonants the score for the male
talker was higher than those for the female (as in /1al, 1%/, Iz/,
In/, [jl, /4], Ix/, Isl, /h/, and /f/), there are.those con-
sonants for which the female talker obtained the higher score (/1/,
Iwl, [£], [t/, /p/, and [k/). In most cases when the male
obtained higher scores it was across contexts, but there were a few
exceptions. For example, the target [b/ which appears in two
contexts (both before and after /a/). When /ba/ is the target, as
in subtests 6 and 7, the female talker obtains the higher score. In
comparison when /ab/ is the tafget, the male talker obtains the

higher score.

Target Syllable-Experimental Group Interaction. The data

showing this interaction may be found in Appendix M.

A review of the mean scores for the nonsense syllables
with voiced consonants reveals a number of relationships:

(a) The consonants /d/, /w/, /z/, and /¥ / are affected
more by listener hearing loss than other consonants. For example,
the mean score for /d/ for the conductive hearing loss group was
84%, 86.5% for the flat sensori-neural group but dropped to 67% for
the severely sloping sensori-neural group of listeners.

(b) The consonants /g/, /m/, and /n/ appear to be rela-

tively independent of listener hearing loss. The mean score for [m/
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for the after /a/ vowel context was 80% for the severely sloping
sensori-neural group and 78% for the conductive group of listeners.
(c) Of the consonants considered, /j/, /w/, [1/, [r/,
/%], and / dJ) were presented in only one vowel context (after
[a/), so that it is difficult to generalize these results for all conso-
nant types. Nevertheless, these consonants showed marked differ-
.ences in scores between the different experimental groups.
The mean scores for the nonsense syllables involving voice-
less consonants revealed thai the scores for /s/, [&/, /1] and
/ j/ are relatively poorer for the listeners with the severely sloping
losses, indicating that some consonants are affected relatively more

by hearing loss than others.

Target Syllable-Experimental Condition Interaction. The

results of the Target Syllable-Experimental Condition interaction
are pre’sénted in Appendix N. As discussed earlier, the +6 dB/.
octave 'slope filter condition and the 0 dB/octave slope filter condition
yielded similar scores which were significantly higher than the
-6 dB/octave slope condition, the noise condition yielded by far the
lowest scores.

It is indicated that:

(a) There are discrimination differences for the same con-

sonant in the same vowel context as is shown by the consonant /b/ in
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subtests 6 and 7. For example, the m.ean scores for subtest 6 were
always higher than for subtest 7, with a difference of almost 30% in
favor of subtest 6. This difference is found across all experimental
conditions. |

(b) Some voiced consonants are more affected by noise than
others. For example, ./g/, [v/, [z/, [r/, and /¥ / have lower
scores in noise than /d/, /m/, /n/ and /d} [, butin quief the
differences are more affected by Experimental Group.

(c) In noise and in the 0 dB/octave slope fiiter condition
it was noted that the scores for the consonants in the final position
are generally lower than in the initial position context regardless of
the voiced target.

(d) The advantage of the +6 dB/octave slope filter condition
is most in evidence for the /¥ /, /z/, /w/, and /d} |/ consonants
where the differences over the 0 dB/octave slope and -6 dB/ octave
slope filter conditions are in excess of ten percentage points for each
.consonant. It is also pre.sent.for the voiceless consonants / p/, [It/,
Ix/, I8, s/, 18/ and /S ].

In addition to the main effects and interactions discussed
above, it was noted that vowel context produced marked differences in_
the discriminability of the consonants. This is evident, for example,
f;)r_the co;'xsonant /p/ which has a mean percent correct score ranging

from 84.2% after /a/ to 37.8% after /i/. For many of the
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consonants, scores were lowest for conditions preceding the /i/

vowel context.

Analysis of Confusion Matrices

Separate confusion matrices were generated for each subtest
and Experimental Condition. In ér.alyzing these matrices, an effort
was made to separate out confusions which occurred for all Experi-
mental Groups from confusions that differed consistently between
the groups, fromlc'onfusions reflecting differences in Experimental
Condition, and thesé, in turn, from idiosyncratic confusions which
occurred sporadically and were not obviously linked to any single
factor.

In order to simplify the analysis, only the most common con-
fusions were analyzed in detail. Confusions occurring at a rate of
less than 10 percent were not subject to detailed analysis. Table 16
presents the most common confusions for each of the seven subtests
of the nonsense syllable test, averaged across Talker, Experimental
Group and Ekperimental Condition. An examination of the confusions
indicates that the most common errors are found for the fricative to
fricative substitutions, more frequently for the voiceless consonants.

The second most common group of errors occurred for the
fricative to plosive errors. These are roughly evenly divided between

the voiced and voiceless consonants. There were four plosive to



TABLE 16

MOST COMMON CONFUSIONS BY SUBTEST (AVERAGED ACROSS TALKER,
EXPERIMENTAL GROUP AND EXPERIMENTAL CONDITION)*

1

Subtest 2 3 4 5 6 7
Vowel Context after /a/ after /u/ after /i/] after /a/ before /a/ before /a/] before /a/

6 ¢ A f—0 v= b s w1 ]
f—p ‘s—Pe 0=t Xz f-—7tj d—>g v=b
B p  p-t p—t x—d h->p  g—d b— 7
8=t s— 6 X—=g

*a — b means that the /a/ is the target and /b/ is the consonant reported by the subject.

9¢1
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plosive errors, again roughly equally divided hetween the voiceless
and voiced consonants. There was only one plosive to fricative
error (/b/ to /% /) and two other types (/h/ to /p/ for glottal
to plosive error and /w/ to /1/ for glide to lateral error).

On the average, however, there were more voiceless than
voicebd confusions. This is to be expected since, as noted earlier,
the percent correct identification was higher, on the average, for the

voiced consonants.

Most common confusions by subtest and talker. Table 17 pre-

presents the most common confusions by subtest as well as talker
(averaged over experimental group and condition)'.-‘ The table indicates
that there are certain confusions Which. occur frequently for both the
male and female talker: / B/ to /f/, /] to [pl, /O8] to [pl.
/sl to 18], [f] to /B[, /%] to /g/, |8/ to s/, |w] to
/1/, [v/ to /% /, and [v/ to /b/. There are no plosive to
plosive errors seen, and an almost equal number of fricative to frica-
tive (5) and fricative to plosive (4) substitutions.

Those confusions specific to the female talker were: / j [ to
Isl, Ikl to [p/, 1%/ tolzl, 1§/ to Iv], If] to [#f],
/d/ to /g/., I/wl to /j/ and /m/ to /n/. Note that there are no
fricative to plosive errors, the most predominant errors being

fricative to fricative for both voiced and unvoiced consonants.



TABLE 17

MOST COMMON CONFUSIONS BY SUBTEST AND TALKER (AVERAGED ACROSS
EXPERIMENTAL GROUF AND EXPERIMENTAL CONDITION)

f—————— e —

Subtest 1 2 3 4 5 6 7
Vowel Context after /a/ after /u/ after /i/ after [a/ before /a/_ before /a/ before /a/

Male Talker

Byt p=t f=£€ v—=b h—p w—1 v>J
fwsp s=—» 8 p=t %> d B-s g—d b-— X
64Pp t— 6 g—r 5 g s= & W= g v b

Female Talker

&—>f §>s f""e.j sz §=tf w1 v= 3
f—=p s— O s~ 5~ g e-»s d— g v b
=X o) k-~ p e-f w— v evf{ W~ ] m-*n

8€1
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The /p to /t/, [t/ to 18/, [§] to [d], [h/ to /p/,
/gl to /d/, |w/ to /g/, and /b/ to [} | confusions were all
specific to the male talker, These confusions can almost be paired
for the different types of confusions: plosive to plosive (/p/ to [t/
voiceless and /g/ to /d/ voiced), plosive to fricative (/t/ to
/8] voiceless and [b/ to /% / voiced), /h/ to [p/ (voiceless)
and /w/ to /g/ (voiced) for other errors and lastly, one fricative

to plosive error (/¥ / to /d/ voiced).

Most common confusions by Subtest, Talker and Experimental

Group. A further breakdown of the confusions introduced the variable
of Experimental Group in addition to Subtest and Gender, and is pre-
sented in Table 18. As would be expected, theremare a greater num-
ber of confusions present for the sensori-neural hearing loss groups
of subjects. All the groups, however, follow the pattern already
presented of more voiceless than voiced substitutions. In addition,
one notes the spread of errors for the severely sloping sensori-
neural group for the voiced consonants, whereas for the voiceless
errors there are predominantly plosive to plosive confusions. Table

19 summarizes these findings.

Most common confusions by Subtest, Talker, Experimental

Group and Experimental Condition. When the confusions were broken

down to consider all four factors it was found that because of the



TABLE 18

~ MOST COMMON CONFUSIONS SPECIFIC TO EXPERIMENTAL GROUP, IN ADDITION TO THOSE IN
TABLES 16 AND 17, FOR THE MALE AND FEMALE TALKER (AVERAGED OVER CONDITION)

pr——

e — . ]

Group
Set No. Talker -1 2 3 _ 4 5
1 Male k= © k- f k= p t= p
t=-p
Female k=p
2 Male . k= s p= B B=g k—=p k—=p
p— ©& t—p
Female P— s t- p t—p 6t
3 Male p= k p- O p-— 6 f -t
p~ B
Female p—k k- t p-~ k k-t
p— b

ov1



TABLE 18--Continued

Group
Set No. Talker 1 2 3 4 5,
4 Male X v g= d vVo>g
Female Ve g b~ d
m=¥n gz
vV— Z
5 Male k= p k= p t= p e ¢
f— 6
- Female p— k s=— & g~ &
6 Male b g 1—b w2 b= ad 1—=r
W= j w—=r
Female i w-rj W r
' r-1
7 Male b— 4 b—> d
g— d g~ d
Female v—= d g —3% v—b g—= d z—> 3
' z-* d z—> d g d

IvI



TABLE 19

SUMMARY OF TYPES OF CONFUSIONS FOR EXPERIMENTAL GROUPS AND TALKERS

Experimenfal Group

1 2 3 a4 5 1 2 3 4
Type of Error Gender Voiced Voiceless
. . M 1 0 0 4 2 1 2 1 4
Pl to pl
osive to plosive - 0 0 0 1 1 1 1 9 9
Fricative to fricative M 0 L 0 0 0 0 0 2 2
F 0 0 0 0 2 0 0 0 1
Fricative to plosi M 0 0 0 -0 1 0 0 0 1
icative to plosive F 1 0 9 2 1 0 0 0 Y
. < s M 1 0 0 0 0 2 3 2 0
Plosive to fricative 7 0 1 0 ) 1 2 0 0 0
. M 1 1 0 2 0 0 0 0 0
Other 7 0 9 1 1 0 0 1] 0 0

cvl
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small sample size per target, the variability iﬁ observed confusion
rates was high. Consequently it was decided to limit the analysis to
only those confusions in excess of 25 percent, these being the most
important confusions. The results of this tabulation are presented
in Table 20. It is necessary to look at the data for the three condi-
tions in quiet as separate from the noise condition because of the

. large differences in the confusion patterns for the noise condition.
For example, the noise condition showed a high rate of confusions
involving the nasal sounds waereas these confusions are only found
in two other isolated instances for the quiet conditions, both involving
the severely sloping sensori-neural groups of subjects.

In the noise situation the most frequently” confused conso-
nants, in addition to the nasals, are the /k/, /p/, /8, /s/,
[v/, Ib/ and /g/. There are some consonants for which there
are errors in noise for every experimental group: /f/, /@/, [p/,
/v/, 14/, Ir]/, Jg/, and /%/. Others are present only for the
high-frequency hearing losses: /z/ and /] /.

In all three quiet filter conditions the number of confusions
increases as the degree of high frequency sensori-neural hearing loss
increases, generally involving these consonants in order of decreas-
ing magnitude for these experimental groups: /s/, /[f/, [t/, /8],
1§ 1. Ixl, iz, els ivl, 1%1. 4l Id3l, b1, Inl, and

isolated instances of /w/, /[d/, [g/, [r]/ and [j/.



TABLE 20

MOST COMMON CONFUSIONS SPECIFIC TO EXPERIMENTAL CONDITION (IMPLIES NOT INCLUDED

IN TABLES 16, 17 OR 18) FOR MALE AND FEMALE TALKERS

Experimental Condition

OdB/Octave Filter Slope OdB + Noise
Group
Set Gen-
No. der 1 2 3 4 5 1 2 3 4 5
1 M s=f f —k p—t S—p
f—3 6 , s— p s—=p kot fak p-—f Syt f—o t
| k= t k- f
F s~ t k~p k=t e S e )
. f—>s p—rt S—» P s=»§
s—8 s=06 s~ B s~ 0 P~ s k— p ) k= t
p—t e s t—= k
k-t
2 M s —~» 6 s 6>t s p 8- x
k2t £ 8-s p— s k— s s+t e-s
p-—»k p=8&
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TABLE 20--Continued

I

—— a—
s ——

Experimental Condition

OdB/Octave Filter Slope OdB + Noise
Group
Set Gen- ‘

No. der 1 2 3 4 5 1 2 3 4 5
k-8 p=~»s
F s— k CER St
s= k f- s t =z t—=>» s p—ve s=rt s—»t

p-’k

é—=p
3 M f=>k p-—s & -k t—> &
f?k 6t J—=k
E->p P2k f=* p t~» 6 p=> § f-» t s—p t
E—t k= p
i p— k
F s—»p €=k k=t k=> 6
s—»p t—>k fo% £k f=2k Ot B¢
9-*;{ k—y ¢ k= p
(= t - &
s= £
§= 6

SPI



TABLE 20-~-Continued

Experimental Condition

OdB/Octave Filter Slope OdB + Noise
Group
Set Gen-
No. der 1 2 3 4 5 1 2 3 4 5
4 M v g Z=)g d=r V= g g—n v-d b= g
m-$g g-»d b=og g+ n gy
b= g d— =z m- 3
b= 2z m= b m- b
n-m n-m d~*n gz
F b=~ d zZ~g m= n m - 5= n z % n b= g
g~ v~ g v ad b= v n-,m V-1 vV g
b= z b= d vz n-=*m
b= d d= z v=>g T~
i vVe-g d-=>g
n—n
k=2p
5 M t§f k~p f=>p k-0
f->k k->p t >k
p— h p—h p—h t~ h s—’_f

9¥%1



TABLE 20--Continued

Experimental Condition

OdB/Octave Filter Slope | _ OdB + Noise
Group
Set Gen-
No. der 1 2 3 4 5 _ 1 2 3 4
§y=s
F p=k p? k p= k k= p k=t t= k f=2p
tj-ij p-+ t f->p p- k
6 M wr dj—)j 12w 9w
F dj"J r->1i r—1 r-j r-=>1
, d =g m-~b ¥ —-»d
7T M ¥ d t g =>c g d g5 d v—=>d
: Y- b
, d—= %X 3—>d
P z=>% z % z—=>d g— d m—> 7 g% g-b’f
N>z ¥->n m-» b
m=>v d-> g b—?v vz
n—>g d—=>7%

a—> ¥

LI




TABLE 20--Continued

' Experimental Condition |
+6 dB/Octave Slope . - =6 dB/Octave Slope
Group
Set Gen-
No. der .1 2 3 4 5 1 2 3 4 .5
k=>p
1 M £t f=rt s=»p t7?86
t=? p J=»p sap
st s—>f =t
s 8
s—» f
F f— 8 8=+ k s =& k—+ t* 6
§ > e = S->p
B
f= s
2 M t—p ft> 6
ks Bt J=6 g5o0
t—=>p
F @9 s J=t  if é->p
-2 | j= e

8%t



TABLE 20--Continued

i

Experimental Condition

+6 dB/Octave Slope

-6 dB/Octave Slope

Group
Set Gen-

No. der 2 3 4 5 1 2 3 4 5
3 M 6-p f=» k
p=>k t=>» k b->pr gt
t=+ k f-p 8- p
F @~»p p—rk f=>p foop . 8>p §=26
p— 8 f— k
t— k
P= k

4 M b=+ d n-y b=3d

F g~d
V> z n=-s>m

6¥%1



TA__BLE 20--Continued

Il
|

— — —

Experimental Condition

+6 dB/Octave Slope

-6 dB/Octave Slope

. Group
Set Gen-
No. der 1 2 3 4 5 1 3 4 5
5 M t=p
t= h
k= t
F p-»s s = f
p~ 8 t—>p t=2p  tp
6 M- ,
r=w
F r=wW  je W
z ~3 X
T M b=y d 5>V - d
d—’g Z’é
F vad v d 2% ! 4z

0St
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Examination of Table 20 also reveals that the errors follow
patterns already discussed, i.e., plosives are most often confused
with plosives, fricatives are confused with plosives, fricatives with
fricatives, and lastly fricatives with plosives. There are also the
nasal confusions already mentioned and those few confusions involving
the other types of consonants which occur sporadically thfoughout this
table. It is interesting to note that while the errors occur for type
of consonant, they do not involve the manner of production, i.e.,
voicing.

Analysis of Rating-Score
Reliability Ratings

Each subject in the study rated the relative intelligibility of
each of the 18 listening conditions on a scale of 1-7, the higher the
rating the higher the intelligibility.‘ In order to examine the reliabil-
ity of the subjects ratings, and, in particular, whether talker gender
affected the ratings, the measured intelligibility scores were plotted
against the intelligibility ratings. Separate 1;10ts were obtained for the
male and female talkers and for each subject for each Eiperimental
Condition.

A second-degree polynomial was fitted to each set of data.
The standard deviation of the plotted points from the fitted curve was
derived for each set of data. An analysis of variance was then per-

formed on these standard deviations to determine if the factors of
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Talker Gender and Experimental Group affected variability.

The results of this analysis of variance are shown in
Table 21. As is seen in this table, none of the factors was found to
be statistically significant, indicating that there were no consistent
effects of Talker Gender and Experimental Group on the variability
of the ratings.

Once it was determined that the deviations from-the fitted
curves were essentially homogeneous for the two factors, the spread
of the points from tﬁe mean was examined. The statistic (Rz) is the
proportion of the total variation about the mean explained by the
regression. Hence, the larger the RZ, the greater the association
between the two variables. The RZ values were“fs.ubjected to an
analysis of variance to determine whether Talker Gender or
Experimental Group affected the relationship between rated and
measured percent intelligibility. These results are presented in
Table 22. Talker Gender was found to be not statistical.ly significant
whereas Experimental Group showed a significant effect.

The mean RZ values for the five Experimental Groups are
shown in r-I‘za.ble 23. The data show a consistent trend in which the
association between the two variables (measured and.rated intelli-
gipility) decreased systematically with increasing hearing-impair-
ment. The largest Rz, accounting fér 87.5 percent of the variance,

was obtained for the normal hearing subjects, whereas for the sloping
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TABLE 21

ANALYSIS OF VARIANCE ON VARIATION OF STANDARD
DEVIATIONS OF PLOTTED POINTS FROM FITTED
CURVES FOR INTELLIGIBILITY RANKINGS

Source Sum Mean Signif.

Variation Squares DF Squares F-Ratio Level

Gender .00 1 .00 .43 .51

Pathology .06 4 .01 .07 .37

Gender-pathology .04 4 .01 LT .54
TABLE 22 )

ANALYSIS OF VARIANCE ON SPREAD OF POINTS FROM THE
MEAN (R2) FOR PLOTTED AND FITTED CURVES

Source Sum _ Mean Signif.
Variation Squares DF Squares F-Ratio Level
Gender . 02 1 .02 .37 . 549
Pathology - 1.49 4 .37 6.66 . 001

Gender-pathology .03 4 .00 .15 . 956




TABLE 23

MEAN R2 VALUES FOR THE EXPERIMENTAL GROUPS

154

Percent of

Experimental Group Variance
Normal hearing 87.5
Conductive hearing loss 78.1
Flat sensori-neural héaring loss 67. 4
Moderately sloping sensori-neural hearing l.oss 57.4
55.5

Severely sloping sensori-neural hearing loss
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sensori-neural hearing loss subjects only 55. 5 percent of the variance

was accounted for by the relationship between the two variables.



CHAPTER V
DISCUSSION

The purpose of this study was to investigate the differences
in speech intelligibility of sentences and nonsense éyllables spoken by
male and female talkers for normal hearing and hearing-impaired
listeners. Of the two types of materials used, there were many (1U)
talkers used for the sentences, but only one talker of each gender (who
also recorded the sentences) for the nonsense syllables.

One of the major findings of this study was that the sentence
intelligibility scores for the female talkers were higher on the
average than the scores for the male talkers. These resulis are con-
sistent with those obtained by Mayer (1980) in a study on aging effects
on speech perception using the same recordings.

The extent to which this finding can be generalized to male
and feﬁale talkers selected at random from the population is limited.
Even so, it is surprising that, contrary to the predominant complaint
of the hearing impaired that the female voice is more difficult to
understand, this study provided no evidence in support of this observa-
tion. Since there is no reason to expeét the ten talkers considered
were uniquely. different from talkers in general, it is signifi;:ant to

156
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note that contrary to the expected results, no advantage was found
for the male voice, and, if anything, the female talkers were more
intelligible than the male talkers.

Although the five female talkers were significantly higher,
on average, on the intelligibility scores, it is important to recognize
that several individual male talkers were more intelligible than some
of the female talkers. In a‘ddition, the differences between male and
female talkers were found to vary depending upon Experimental Con-
dition and Experimental Group.

Aé shown in Table 9, the degree of overlap in ranking of rela-
tive intelligibility between male and female talkers varied as a func-
tion of Experimental Group and Experimental Condition. For the .
most part it seemed that two of the male télkers were more intel-
ligible than the rest, but with the female talkers one female stood out
as being by far the most intelligible, two as beiﬁg relatively intel-
ligible, and two as being moderately intelligible and comparable to
the least intelligible male talkers. That is, the overlap between the
male and female talkers occurred at the less intelligible side of the
range. It is not possible to ascertain with any degree of confidence
whether the observed overlap holds for the population as a whole.
Unfortunately, in order to obtain such an estimate, an immense study
with a very large sample of télkers would be.required.

A second consideration is that the spectrum of background
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noise, i.e., Experimental Conditions, and the differences between
the hearing impairments affect the measured differences between
talkers. A more pertinent question mighf be to ask which factors
affect the intelligibility of male and female talkers. The evidence
suggests that the spectrum of the noise relative to the spectrum of the
speech is a possibility, however, the relatively high intelligibility
score for the worst condition (female voice in the presence of female
noise) suggests that spectrum shape is not the only consideration.

_ Anotner consideration is that of relative levels. in this study
S/N ratio was controlled which differs somewhat from real life com-
munication in which the female voice is typically less powerful than
the male voice and usually is heard at a poorer S/N ratio. The magni-
tude of the difference is approximately 3 dB. In a study dealing with
the development of speech reception materials, Elkins and Causey
(1977) reported a 10 percent increasg in correct responses on CHABA
sentence materials per decibel increase in presentation level for a
maie talker. This would indicate that the male talker could be 20-30
percent more intelligible than the female talker (in face-to-face
communicatiqn) on the basis of this intensity difference alone. In the
present study, when the 5-dB corrections were made for M5 (Male
Talker #5), it was found that the 5-dB difference affected intelligibility
by appro_ximately' 30 percent.

The male talker advantage of greater overall power should
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not be present in most clinical and test environments because voice
levels are typically calibrated against a VU meter. This calibration
should eliminate overall level differences between male and female
talkers. This helps explain why the hearing impaired patient repor-
tedly has no greater problem understanding female, as opposed to
male, audiologists in the clinic. This is especially important when
considering that there are more female than male audiologists, and
that 64.4% of clinicians are using live-voice techniques (Martin and
Pennington, 1971), rather than the standardized male recordings
available to the profession.

A matter of some concern is the way in which speech level
is measured. For the present study, average peaﬁ{ speech levels
were used to specify the speech level. This is a difficult procedure
to employ because of the instrumentation problems involved (e. g.,
the ballistiés of the meter or recording instrument used). Small
differences in the specification level may occur quite easily and oniy
a slight change in the specified speech level (e.g., 1 dB) can produce
a significant change in the measured speech intelligibility scores,
particularly for sentence materials where the percent intelligibility
function is very steep. In this study it was assumed that any criteria .
effects in setting speech levels affected both male and female talkers
equ#lly.

If differences in speech power were the only differences
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between male and female voices, equating speech levels should result
in equal intelligibility for male and female talkers. This was not the
case, however. If differences in both level and speech spectrum
were the only differences of importance between male and female
voices, then similar results should have been obtained for the male
voice against a background of male-gpectrum shaped noise as for

the female voice against a background of female~spectrum shaped
noise. Again, this was not the case. It is clear that more than

level and spectrum differences play a part in accounting for intel-
ligibility differences between talkers. Possible additional factors may
be the consonant-vowel amplitude ratio, which has beeh shown by
Weiss*(1968) to be more closely related to intelliéibility than S/N
ratio. Pascoe (1974; 1975) has suggested that the differences in
speech intelligibility should not be ''generalized as a sex difference. "
Mazor, Simon, Scheinberg and Levitt (1977) suggest that there is a
relationship between the frequency spectrum of female speech and
relative intelligibility for hearing-impaired listeners. Harris et al.
{1960) has suggested that there are certain quality factors which
make some voices more intelligible than others. It is probable that
the superio.rity of one talker, be it male or female, is determined by -
a combination of factors. Braida (1979) has argued for an index that
would be predictive of a particular talker's intelligibility.

The results obtained in this study are consistent with the past
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research dealing with inter-talker differences. Palmer (1955) for
example, cites the differences between male and female voices, but
found no differences between talkers used in his study, possibly
because he used a very small sample of list;aners.with a wide age
range. Kruel, Nixon, Kryter, Bell, Lang and Schubert (1968) used
- three talkers in their evaluation of the MRHT. Although they did not
deal directly with inter-talker differences, an examination of their
data reveals that the relative intelligibility of their female talker lay
midway between that of theif other two talkers who were male. Beyer,
Webster and Dague (1969) found large talker differences in their
study and were able to relate part of the list differences to one of the
talkers who produced a consistently lower intellig;bility score than the
other talkers. House, Williams, Kuker and Kryter (1965) also found
materials recorded by one talker to be consistently more intelligible
than those recorded by the other talker; both of their talkers were
male. Harris, Haines, Kelsey and Clack (1960) used CHABA
sentences and although they were interested .in the effects of low
fidelity circuitry on intelligibility, they nevertheless found large
inter-talker differences under identical experimental conditions.
Pascoe (1975) used one male and one female talker in his
study. He amplified the level of the female voice to the level of the
male talker and found that all subjects had higher scores with the

male-talker recordings. Penrod (1976) studied the effects of different
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talkers on the word discrimination scores of hearing-impaired
listeners. Hig talkers were 3 males and 1 female (all trained audio-
logists). In this case, some of the subjects scored consistently low
for an individual talker, but the talker showing the consistently low
scores varied between subjects. |
A factor having a pronounced effect on intelligibility is the
type of hearing impairment. A sensori-neural hearing loss often
affects intelligibility of speech to a much greatér degree than a con-
Juctive hearing loss, particularly against a background of noise. A
common finding which was observed inA this study is that the speech
intelligibilityl decreased as the degree of hearing loss in the higher
frequencies increased. The data clearly showed that intelligibility
scores decreased systematically in going from a flat sensori-neural
hearing loss to a moderately sloping hearing loss to a severely
sloping sensori-neural hearing loss. In contrast, the conductive
hearing loss subjects performed relatively well and‘as a consequence
were presented with speech at a S/N ratio equal to that used with
the normal hearing subjects. On average, the intelligibility of
speech in noise was not significantly different for the conductive
hearing-loss group than for the normal hearing group. Another
factor of importance is the age of the listener. The elderly form
one of fche largest patient groups in the population. They present

specific problems in terms of rehabilitation because of the central
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and peripheral changes which occur as part of the aging process
(Mayer, 1980; Pickett, Levitt, and Bergman, 1979; Smith and
Prather, 1971). The data cited in these studies are consistent with
those of this study, namely that the older listeners have poorer
speech discrimination than the younger listeners. In addition, there
appear to be perceptual changes in the processing of consonants by
the elderly. Specifically, Stevenson (1975) has suggested that there
is a reduction in the number or gvailability of phoneme categories
that the subjects were able to handle. 'I:here was the impli'cafion that
consonants in initial and final positions were different in detail for the
listeners, and therefore were processed differently, which may have
relevance for the perception of speech among the Zaged. Recently,
entire texts have been devoted to the issue of the geriatric patient
(Schow, Christensen, Hutchinson and Nerbome, 1978; Oyer and Oyer,
1978; Barry and Wingrove, 1977; Maurer and Rupp, 1979; 1979).

An unexpected result was that obtained for the listeners
with conductive hearing losses. In this case the older subjects
obtained higher scores on average than the younger listeners. On
re-examination of the scores it was found that one subject of the
older group obtained unusually high intelligibility scores for every
listening condition, essentially setting his MCL almost to the maximum
output of the equipment. This subject was unusual and his scores

were so much better than those of any other listener in the study that
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his data produced a reversal in the trend in which younger listeners
usually obtain higher intelligibility scores than older listeners.

Since intelligibility tests are very time consuming it is of
interest to observe how ratings of relative intelligibility compare to
the measured intelligibility scores. Of particular interest are the
ratings of relative intelligibility of male and female talkers. As shown
in Table 9, there was a significant relationship between the type of
hearing loss and the ability to rate measﬁred intelligibility. The
most consistent relationship between intelligibility ratings and intel-
ligibility scores was obtained by the normal hearing group. The con-
ductive hearing loss group showed almost the same degree of consis-
tency; the flat sensori-neural group was poor, and the sloping
sensori-neural groups were essentially the same and showed the
poorest consistency. That is, the group with the poorest intelligibility
scores was also the group least able to rate intelligibility consistently.
Although there were slight differences in the relative ratings of
intelligibility for individual talkers (e.g., M4 was rated more intel-
ligible than M5, but M5 had higher intelligibiiity scores), the listen-
ers rated the female talkers as more intelligible on the average than
the male talkers. There appears to be no difference in the relative
consistency of the ratings between male and female talkers.

One of the concerns was the informal observation that female

talkers are not as intelligible as male talkers. Thus it was of interest



165

to see how the subjects rated the intelligibility of the male and
female talkers used in the study. Table 24 shows the relative
rankings for the experimental talkers for the five experimental con-
ditions and groups. The structure is analagous to Table 9. The
table shows similar but not identical rankings of the relative intel-
ligibility of the various talkers. A striking difference between the
two tables is that M4 was rated as more intelligible than M5 in eight
of the ten cells where both M4 and M5 appear. In contrast, the intel-
ligibility scores showed M5 to be more intelligible than M4 on
average.

The main thrust of the study was the nature of the male-
female talker and listener differences in the perc:aption of speech. It
was also of interest to obtain analytic data on representative male
and female talkers. M5 and F'5 were chosen for this purpose to
record the nonsense syllables by a group of skilled phoneticians who
analyzed these talkers and found them to have fluent, articulate
speech. These talkers were chosen in advance of the present study.
As it turned ocut, M5 was one of the best male talkers, but F5 was not
one of.the best female talkers. In comparing M5 and F5, it was found
that M5 was more intelligible, and in addition, obtained higher intel-
ligibility scores on the NST. Therefore, M5 and F5 are not directly
comparable in terms of their intelligibility. M5 may be the best of the

male talkers, but F5 was representative of an average level of



TABLE 24

RANKINGS OF TALKER INTELLIGIBILITY RATINGS AS ASSIGNED BY ALL LISTENERS
(WITH SIX ENTRIES PER CELL REPRESENTING THE S:X TALKERS PER CONDITION)

comrerersarescen
——————

—_——

Noise ' Talker

Experimental Group*

— — ——

1 2 4 5
High-pass M M4 M3M1 M4M1M3 M1M4MS3 M4M2 M3 M3M1M4
F F3F5F1 F3F1 F3F1 F5 F3 F5 F1 F3Fl F5
F5 '
Low-pass M M3 M1M2 M2M1 M3 M1M2M3 M1 M2 M8 ! M3 M2mi
F F4AF3 Fa F4F3F5 F4 T3 F5 '.v'i F5 FAF3 .
F5 F3 F5
M2
White M M1MS5 M2M5M]1 M5M2M1 M2M1MS M5M1M2
F FOF3F1 F3F2 F1 TF3F1 F2F1 F3 F3 Fl
2 F2

*Numbers refer to group assignments used throughout the study (see Table 6).
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TABLE 24--Continued

Experimental Group

Noise Talker 1 2 3 4 5
M2

Male- M M4M2M5 M4aM5 M2M4M5 M4M5 M2 M2M4 M5
spectrum F F2 F1lFr4 F2F4 F1 F2F4 Fl1 F2F1 F4 F2 FlF4

M3 M5
Female- M f M5M4 M4 M3 M4 MEM3 M3M5M4 M4 M5 M3
spectrum F F4F2F5 F2 F4 F2 F4 5 F5F5F2 F4 F2 F5

F5 »
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intelligibility. In comparing these two talkers, the differences should
be regarded as individual differences rather than male-female differ-
ences. This is revealed not only by their relative intelligibility
scores, but .their speech spectra also show individual differences.
This is illustrated in Figure 26. The top half showsf M5 and F5, the
lower half shows the average 1/3 octave speech spectra for male and
female talkers obtained by Pearsons, Bemnetit and Fidell (1977). In
both cases the spectra are for speech produced in quiet. As can be
seen on Pearsons et al. aata, the femaie voice has more relavive
power in the high frequencies. While this average spectrum has
more relative power in the higher frequencies, M5 shows about the
same relative power in the high frequencies as F5. In addition,

M5 was reported to articulate more clearly, and so it was not sur-
prising that he consistently obtained higher intelligibility scores

than FS.

While the male talker obtained higher intelligibility scores
for all experimental groups and experimental conditions, there were
some target consonants for which the female talker obtained higher
scores. These consonants were /1/, [w/, [f], [pl, [1t/, [x/
(with /tj | being almost the same as the male). Note that F5 con-
sistently obtained higher discrimination than M5 for the voiceless
plosives. For this talker the burst of aspiration on voiceless plosives

was clearly more distinct than for M5. While there are individual
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Fig. 26. Top:-1/3 octave band speech spectra of-taikers
M5 and F5 (who recorded nonsense syllable materials).

Bottom: 1/3 octave band average speech spectra per
Pearsons et al.
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differences between talkers, a possible hypothesis is that female
talkers on average may have more audible aspiration, making voice-
less plosive consonants more intelligible.‘

Of the four experimental conditions considered with the
nonsense syllable materials, the +6 dB/octave slope condition pro-
duced the highest scores for both the male and female talker for all
listeners of all ages. Previous research has shown that a high-
frequency boost typically improves the intelligibility of speech
{Freuch and Steincerg, 1947). 7This improvement has also been
observed for hearing-impaired listeners with high-frequency hearing
loss (Levitt et al., 1978; Skinner, 1978). Of particular relevance is
the findi‘ng of Witter and Goldstein (1971) who showed significant
improvement in intelligibility for both male and female talkers with
an upward frequency shift in the spectrum.

It may be noted that the nonsense syllable test is weighted
toward high-frequency sounds, e.g., voiceless consonants in the
final position (Levitt et al., 1978) and a positively sloping frequency
response may be particularly good for these materials, but not
necessarily for speech in general.

The effects of the Age and Experimental Group variables for
these two talkers on the nonsense syllables are consistent with those
data obtained using CHABA sentences. In general, the younger

listeners obtained higher intelligibility scores than the older listeners
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and the relatively flat audiometric configurations obtained higher
intelligibility scores than the sloping sensori-neural groups. As
before, the shape of the audiogram is an important consideration.

In this case one would expect experimental groups with the moderate-
ly sloping and severely sloping sensori-neural losses to show a larger
reduction score for the nonsense syllable materials since these two
groups have greater high-frequency hearing losses and the test is
biased towards high-frequency sounds. Note that these two groups
also scored relatively poorly on the sentence materisls.

Of the other two slopes considered (0 and -6 dB/octave) the
scores were about the same and lower than for the +6 dB/octave slope.
On the basis of audibility of the spectrum, one might have expected
the 0 dB/octave slope condition to be better than the -6 dB/octave
slope condition but this was not the case, and no obvious reason could
be_found other than that the variability of the measurements obscured
any real differences. -

The one noise condition used with the nonsense syllable
materials was one in which the male voice was presented in the
presence of the male-gpectrum shaped noise and the female voice
was presented in a background of female-spectrum shaped noise. In
this way, all frequencies were being equally masked. These were
considered the worst cases in terms of resulting intelligibility and

confusions. The resulting pattern of confusions was similar to that
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ostained with cafeteria noise by Dubno (1978).. This is not surprising
gsince the speech-spectrum shaped noise is similar in spectrum
shape to the cafeteria noise used by Dubno, but not identical. It was
found that the fricative consonants‘ were the most difficult to identify,
there were more manner confusions than in quiet (confusions in which
target and response syllable were produced by a different manner,
e.g., fricative and plosive), and most common place confusioné
(same manner) were between pairs of plosives. A éomparison for
the normai listeners in the two studiesurevealéd that the /[if/~ /i 8/
and /ba/=? /% a/ confusions were common in noise across experi-
mental samples.

In generall, it was noted that for the nonsénse syllables
- plosives were most often confused with plosives, fricatives with plo-
sives, fricatives with fricatives and lastly fricatives with plosives.
1t should be remembered that the response foils chosen for the non-
sense syllable test were chosen so that voicing errors were not a '
possible alternative. The test was designed this way since voicing
confusions occur least frequently with hearing-impaired persons
(Levitt and Resnick, 1978; Pickett et al., 1970),

Vowel context has an important effect on the discrimination
of consonants. As shown when the vowel was /a/, consonants were
most easilsr identified; when /i/ and /u/ were the vowels, dis-

crimination was much lower, being poorest for the /i/. For the vowel
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[u/ the two formants F1 and F2 are close together, and hence

the transitions are harder to perceive; for /i/ the second formant
may be}be’yond the audible range of the hearing-impaired listener, or
may be masked by noise along w;vith F3, leaving F1 alone to be
confused with the very similar and close together pair of F1 and F2
of /u/. |

These results compare favorably with those obtained by
Dubno (1978) and Abramovitz (1979) for both normal and hearing-
impaired listeners. |

Similarly, the data obtained in this study compare favorably
with those of Levitt et al. (1978) where consonants in the initial posi-
tion were identified more often than in the final po':sition and fhat
voiced consonants obtained higher intelligibility scores-than unvoiced
consonants.

The effect of hearing loss on the ‘discrimination of the
various speech sounds show distinct patterns. Certain consonants
are more affected by hearing loss than others, e.g., /a/, Iw/,

/|z/, | |, while in comparison, /g/, /m/, and /n/ are rela-
tively unaffected by the hearing loss. Note that the latter group of
consonants have substantial low-frequency power. Similarly, the
consonant confusions show a pattern in which consonants with similar
spectra are confused with each other and the greater the high-

frequency contour (as in the fricatives and voiceless plosives), the

greater the rate of confusion.
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In summary, it is séen that there are large individual
differences between talkers, and that on the average the female
talkers in this study obtained higher intelligibility scores than the
male talkers for the noise conditions considered with the sentence
materials. However, it is extremely difficult to generalize the
- result to the population at large. Further, it may be more productive
io look for differences relative to individual talkers rather than
gender related differences. Clearly overall level and spectrum
shape are important considerations in this regard, but there are
presumably other variables. If these factors could be identified,
the results would have important implications for the development of
more effective acoustic amplifying systems for hé’éring—impaired

people and the way in which aural rehabilitation is provided.



CHAPTER VI

SUMMARY AND CONCLUDING COMMENTS

Summary of Experiment

This study was concerned with investigating differences in
intelligibility between male and female talkers for normal and hearing
impaired listeners. Five subject groups cf ten listeaers cach,
composed of normal hearing listeners, listeners with conductive
hearing losses, flat sensori~neural hearing losses, moderately
sloping sensori-neural héaring losses and severely sloping sensori-
neural hearing losses, were subdivided according to listener sex as
well as older and younger groups. The subjects were presented with
two types of stimulus material: the CID sentences of everyday speech
(CHABA) recorded by five male and five female talkers, and record-
ings of a nonsense syllable test available for both a male and a
female talker (who had also recorded the sentence lists).

Five types of noise were used for each talker group for the
sentence materials: white noise, low-pass noise, high-pass noise,
male-spectrum shaped noise and female-spectrum shaped noise.
Four experimental conditions were used for the nonsense syllable
materials: frequency filtering with a slope of 0 dB/octave, +6 dB/
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octave and -6 dB/octave (all in quiet) and 0 dB/octave slope

condition in noise at a S/N ratio of 0 dB.

Findings

The five female talkers were, on average, more intelligible
than the five male talkers used in the study. However, the distribution
of scores showed that some males were more intelligible than some
female talkers. For the nonsense syllable materials, :higher discrim-
ination scores were obtained by the male rather than the female talker.
It should be noted, however, that the male talker used for the nonsense
syllables was the most intelligible talker for the sentence materials
whereas the female talker generated an average intelligibility score.

Differences between experimental groups were as expected.
The normal hearing listeners obtained the highest scores, followed by
the conductive hearing loss group, the flat-, moderétely— and severely
sloping sensori-neural group.

The background noise reduced intelligibility scores in a
predictable way with one exception. The speech-shaped noise was
most damaging to intelligibility; high-pass and white noise were the
next most damaging, with low-pass noise the least effective masker.
These findings are consistent with articulation index theory.

For the nonsense syllables, the +6 dB/octave slope condition

provided the highest intelligibility for both talkers for all listeners.
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In addition, it was found that syllables with voiced consonants typically
showed higher overall mean intelligibility scores than those with voice-
less consonants; that vowel context affected intelligibility, especially
for fricative consonants; and that higher scores were obtained for
consonants in the initial position as opposed to the final position.

The older subjects showed consistently lower scores with one
exception (the conductive group) possibly because of erratic scores

obtained by one subject.

Conclusions

Male-female differences in talker intelligibility are affected
by a number of complex variables and a simple gePeralization cannot
be made that male talkers are more or less intelligible than female
talkers. On average, for the talkers and noise conditions in this
study, the female talkers were more intelligible than the male talkers
vfor the sentence materials. Several important caveats should be

noted. Firstly, in setting speech levels and S/N ratios, the speech
signals were adjusted to be equal in power as measured by the average
of the speech peaks on a level recorder. In real life, female voices
are typically several dB lower than male voices. Secondly, no one
method of specifying speech level is generally agreed upon, especially .
when talker characteristics differ in some way. Other methods of

equatiﬁg speech level may have yielded somewhat different results
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since the slope of the performance-intelligibility function for sentence
material is very steepvand small differences in equating speech levels
may produce large changes in the intelligibility score. Thirdly,
male-female differences in intelligibility are also affected by the
spectrum of the backgro;md noise. The relative S/N ratio in different
frequency regions is an important factor and this varies as a function
of both the speech and noise spectrum.

It is important to bear in mind that although there are average
differences between male and female talkers in terms of spectrum
shape, speech level and other relative acoustic parameters, there are
large individual differences between talkers in terms of these para-
meters. For example, some males have weaker ';rdices than some
female talkers or some female talkers have a spectrum shape similar
to that of a male talker, and vice versa.

Given these many differences, it is evident that there are a
number of inter-acting factors, each of which may affect the intelligib-
ility of male and female talkers differently. It may be better to look
for improved methods of predicting speech intelligibility from the
acoustic measurements of speech and background noise which are

independent of gender.



AFPPENDIX A

INDIVIDUAL SUBJECT DESCRIPTIONS
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Description of Subjects in Experimental Group 1
(Conductive Hearing Loss Group)

MCL.- 9
Test SRT PB MCL SRT Tymp. Re- 3
Ear dB HL Score (HL) (SL) Type flex H.A.” Age Sex

Right 60 100 85 25 A No Yes 55 Male
Right 45 100 80 35 A ©No - No 41 Female
Left 45 100 80 35 A No  No 53 TFemale
Right 35 100 70 35 B No No 63 Female
Right 35 72 65 30 A No No -~ 48 Male
Left 35 100 65 30 A No No 54 Female
Left 30 88 65 30 cNT? CNT No 49 Male
Left 40 96 75 55  CNT? CNT No 40 Male
Left 45 92 80 35 A No Yes 53 Female
Left 30 100 65 35 A No Yes 47 Male
Mean 40 94.8 73 32.5 | 50. 4

1Conduc’cive hearing loss defined as at least a 30 dB air-hone gap
with normal hone conduction thresholds. '

2Type of Tympanogram based upon the classification of Jerger
(1974).

3Refers to whether the subject had ever had any hearing aid
experience prior to the study.

4Subject had impedance studies performed on 4/21/77 when
initially seen as a patient and declined having the procedure repeated
on 4/4/78 when seen as a study subject since there had been no sub-
stantial change in his hearing on the other test measures.

5Subjec’c complained that his ear was very sensitive and allowed.
impedance tests only on the right ear where the Tympanogram was a
Type C and the stapedius reflex was absent. Otologic examination on the
left ear failed to discover any active pathology to account for the dis-
comfort reported by the patient.
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" Description of Subjects in Experimental Group 2
(Normal Hearing Listeners)
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MCL-
Test SRT PB MCL SRT Tymp. Re-
Ear dB HL Score (HL) (SL) Type flex H.A. Age Sex
Left 0 100 35 35 A Yes No 26 Female
Left -5 100 30 35 A Yes No 29  Pemale
Right 0 100 35 35 A Yes No 27 Female
Yeft 5 100 35 30 A Yes No 25 Male
Right O 96 35 35 A Yes No 28 Male
Right ©O 100 35 35 A Yes No 28 Female
Left O 100 35 35 A Yes No 28 Female
Right -5 100 30 35 A Yes No 20 Female
Right -5 100 30 35 A Yes No 27 Female
Left O 100 35 35 A Yes No 24 Female
Mean -1 99.6 33.5 34.5 26.2
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Description of Subjects in Experimental Group 3
(F'lat Sensori-Neural Hearing Loss)

MCL-
Test SRT PB MCL SRT Tymp. Re-
Ear dB HL Score (HL) (SL) Type flex H.A. Age Sex

Left 50 100 80 30 A Yes Yes 37 Male
Left 30 100 65 35 A Yes No 43 Female
Left 40 80 75 - 35 A Yes No 47 Female
Right 45 88 75 30 A No Yes 48 Female
Right 35 100 65 30 A No No 48 Female
Left 30 80 65 35 A Yes No 48 Female
Left 30 84 60 30 A Yes No 49 Male
Right 40 - 92 75 35 A Yes No 54 Female °
Right 55 76 80 25 A Yes Yes 68 Female
Right 35 100 65 35 A Yes  Yes 78 Female

Mean 39 90 63 32 ) 52
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Description of Subjects in Experimental Group 4
(Moderately Sloping Sensori-Neural Hearing Loss)

Test SRT PB MCL SIL. Tymp. Re-
Ear dB HL Score (HL) Type flex H.A. Age Sex

Yes No 28 Female
No Yes 30 Male
Yes Yes 39 Female
Yes No 49 Male
Yes Yes 58 Male
Yes No 65 ‘Male
No No 66 Male
No Yes 56 Malie
No Yes 68 Female
Yes Yes 70 Male

Left 40 84 75
Right 55 80 70
Right 35 100 70
Left 30 60 65
Left 35 96 70
Left 30 80 80
Right 55 64 85
Right 45 48 70
Left 50 68 85
Right 30 52 80

A N S S

Mean 40.5 73.2 71 53.9




Description of Subjects in Experimental Group 5
(Severely Sloping Sensori-Neural Hearing Loss)
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Test SRT PB MCL SL Tymp. Re-

Ear dB HL Score Type flex H.A. Age Sex
Left 35 48 70 35 A Yes Yes 21 Male
Left 35 76 75 40 A Yes Yes 33 Female
Right 35 92 65 30 A Yes Yes 44 Female
Right 30 88 65 35 A Yes Yes 47 Male
Right 40 76 80 40 A Yes Yes 57 Female
Left 30 84 65 35 A Yes No 58 Male
Right 30 64 65 30 A Yes No 65 Male
Left. 40 64 70 30 A No No 638 Male
Right 35 56 65 30 A Yes No 75 Female
Left 35 40 75 40 A Yes Yes 80 Male
Mean 34.5 68.8 63 35 54.8
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CHABA LIST ASSIGNMENTS PER TALKER
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- CHABA Sentence List Assignments Per Talker
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CHABA List

Talker

“-raHdEHOQW P

Male 2
Female 3
Female 2
Male 4
Female 4
Male 5
Female 1
Female 5
Male 1
Male 3




APPENDIX C
MICROPHONE AMPLIFIER AND GRAPHIC LEVEL RECORDER

SETTINGS FOR PREPARATION OF SPEECH-SPECTRUM
MATERIALS
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Settings for Equipment Used to Obtain Speech Spectrum Materials

Equipment .Control Setting.
B &K Microphone
Amplifier #2603 Input Pot. 0

Input Switch Direct

B &K BandPass Filter
Set Type 1612

B &K Graphic Level
Recorder Type 2305

Meter Range
Frequency Response Switch

10V- 0dB- 1204dB SPL
External Filter

Meter Switch RMS Fast
Range Multiplier 0dBx1
Input Switch Direct
Automatic Switching Off
Weighting Network Off

Function Selector

1/3 Qctave 0 dB

Input Pot.
Input Attenuator

Potentiometer Range
Rectifier

Frequency Limit
Writing Speed

Drive Shaft

Paper Speed

Reference

Set so that calibration tone is
approximately 20 dB to begin, and
changed as necessary

50

RMS

50

400/800

1.2

1 (10)

681



APPENDIX D

CHABA SENTENCE TEST TAPE ASSIGNMENTS AND ENTIRE
TEST PROTOCOLS PER SUBJECT
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Test Protocols
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rl

NST Order

Sub- ) e mpr— CHABA Order
ject 1 2 3 4 5 8 7 8 Tape (CHABA)

1 6m b5m 8m 6f 8f Tm 51 1 1 1

2 6m  5f 8f 5m 7f 8m Tm 6f 2 2

3 Tm  6f 6m 7f S5m  5f 8m 8f 3 1

4 7 8f 6f 5m 6m 8m 5f Tm 1 2

5 6m 8m 8 5 76 6f 5m Tm 2 1

6 5m  5f 6m  8f 6f Tm 8m 7f 3 2

7 8f 7f 5f 6f 5m 8m Tm 6m 1 1

8 8m 6m Tm 7f 5m 6f 5f  8f 2 2

9 8f 8m ©6m Tm 7f bm 5f 6f 3 1
10 8f 7f 5m 8m Tm @ 6f 6m 51 1 2
11 5m  6f Tm 6m  5f 8m 8f 2 1.
12 5f - 6m 7f 8f 8m Tm S5m 6f 3 2
13 6f 5f 5m 8m 7f 8f Tm 6m 1 1
14 7f 6m  5f 8f Tm 5m 8m 6f 2 2

| 15 6f 5m 8m Tm  8f 51 6m 7f 3 1

16 Tm 7f 8m 6m 5f 8f 6f 5m 1 2
17 5 8m 7 6m 7m 8f 5f  6f ] 1
18 S5f 6f 8m 8f Tm oSm 7f 6m 3 2
19 6f 6m  5f Tm 8m 7f 5m 8f 1 1



Test Protocols--Continued
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. NST Order
Sub- A CHABA Order
ject 1 2 3 4 5 6 7 8 (CHABA)
20 Tm 8m 5m | 7f 8f 5f 6m  6f
21 1t Tm  8f 8m 6f 5f Sm 6m
22 5m 5f 6bm  6f 8f Tm 1 8m
23 Tm 5m 6m 6f 5f 7f 8m 8f
24 6f Sm 8m Tm 5% 7f 6bm  8f
25 gf 6f 6m 5m 7 5f Tm 8m
26 Tm 6m  5f 8f 8m 5m 6f 71
27 8m Tm 6f 6m 8 5m 5f 7
28 5f 8m 8f 6f 5m 6m Tm 7f
29 8f 7£ 8m Tm 5f 6f 5m 6m
30 8f 5f 6f 5m 6m T™m 7f 8m_
31 8r'n 5m 7m  5f 7f 8f 6m  6f
32 Sm "™Tm 8m 6m 8f 7 of 6f
33 6f 5f 5m 7f Tm 8m 6m 8f
34 8m 7f Tm 5m  6f 5f 8f 6m
35 7f Tm  6f 5m 8f 5f 8m 6m
36 5m  6f 8f 5f 6m 8m 7f Tm
37 8f 8m  5f 6m 7f Tm  6f Sm
38 5f 6m  6f Tm 8m 5m 7f 8f



Test Protocols_-‘-Cont.i.nugd‘ n
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NST Order
Sub- CHABA Order
ject 1 2 3 4 5 6 7 8 Tape (CHABA)
39 6f 5f 8f Tm 6m 7f 5m 8m 3 1
40 Sm 6f m 8f 5f 6m 7f 8m 1 2
41 5f 8m T™m 6m 5m 8f 6f (53 2 1
42 ém 8f 8m 6f 7f 5f Tm 5m 3 2
43 8m T™m 5m 8f 6f | 1t 6m  5f 1 1
44 8f 5f 6f S5m "Tm 8m 6m T7f 2 2
45 5f 8m 8f  6f Tm 6m 7f Sm 3 1
46 6f 8m 5f Tm 6m 8 7f 5m 1 2
47 7f 5m 6m  8f S5f 8m 7"m  6f 2 1
48 Tm 8f 6m 8ra 6f 5m 7f 5f 3 2.
49 8m 7f Tm 6f 8f 5m 6m 5f 1 1
50 7f Bm Tm  5f 6f 8f 8m 5m 2 2
51 5m 6f 63 6m 8m 5f Tm  8f 3 1
52 8f 5m Tm  6f 7f 6m 8m 5f 1 2




Talker List

Noise Condition
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CHABA Test Tape #1

1. F1
2. 2
3. F5
4. M3
5. M1
6. M5
7. ' M2
8. F3
9. M4
10. F4

CHABA Test Tape #2

1. F3
2. ra
3. M1
4. M2
5. M5
6. M3
7. F2
8. F1
9. ) 28]
10. M4

U T <+ N & BN

H O W » H

S c I v

“ g5

O o @ Q

white noise
male shaped noise
high pass noise,

high pass noise

white noise

female shaped noise
low pass noise

low pass noise

male shaped noise

female shaped noise

high pass noise

low pass noise

low pass noise
white noise

male shaped noise
female shaped noise
white noise

male shaped noise
female shaped noise

high pass noise
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Talker List Noise Condition
CHABA Test Tape #3
1. M5 F white noise
2. 2 C female shaped noise
3. M3 J iow pass noise
4, M2 A male shaped noise
5. F1 G high pass noise
6. M4 D female shaped noise
7. F5 H low pass noise
8. F3 B white noise
9. M1 1 high pass noise
10. F4 E male shaped noise
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SUBJECT INTAKE FORM
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SPEECH DISCRIMINATION STUDY
Subject Intake Form

Name:

Address:

Phone: , Birthdate: / ' /

Mo. Day Year

Pure Tone Thresholds (Re: ANSI, 1969 ref. Thresh):

Air Conduction 250 500 1000 2000 4000  8000Hz
Right Ear . dB
Left Ear | ‘ . 4B

Bone Conduction

Right Ear
Left Ear
Speech Audiometry Tympanometry
SRT PB Level
Right Type __ Right
Left - . Type__ Leit
Stapedius Reflex Levels
500 1000 2000 4000Hz
‘Right ‘ d
Left d
Test Ear Hearing Aid Experience
Subject Number B Yes or No

Date: ' Ear Aid




APPENDIX F
PRESENTATION LEVELS IN DECIBELS FOR ALL LISTENERS

FOR ALL EXPERIMENTAL CONDITIONS AND TALKERS
(Based Upon MCL Values for Each Subject)
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Presentation Levels in Decibels (re audiometric 0) for all Listeners for all Experimental Conditions
and Talkers (Based Upon MCL Values for Each Subject)

— e e ————————— e
— e —

Experimental Condition

Experimental
Growp ~ ~~ CHABA o NST
0 dB/octave +6 dB/octave - -6 dB/octave Noise
Talker Male Female Male Female Male Female Male Eema_le
Normal Hearing 40 dB 40 dB 40 4B 65 dB 65 db 55 dB 55 dB 40 dB 40 dB
40 40 40 50 60 50 50 40 40
35 35 35 50 55 50 50 35 35
35 35 35 55 60 55 55 35 35
35 35 - 35 60 65 55 55 35 35
40 40 40 55 60 55 55 40 40
35 35 35 50 50 45 45 35 35
30 30 35 50 55 45 50 30 30
35 35 35 60 60 55 55 35 35

35 35 35 60 60 55 55 35 35

66T



Appendix F-- Continued’

manavmn: — o S
et ~ — —

Experimental Condition

Experimental
Group CHABA _ NST
0 dB/octave +68 dB/octave -6 dB/octave  Noise
Talker ' - Male Female Male Femaie Male Female Male Female
Conductive _ -
Hearing Loss 85 dB 85 dB 85dB 110dB 110dB 105dB 110dB 85 dB 85 dB
80 80 80 95 100 85 85 80 80
80 80 80 90 100 100 95 80 890
70 70 70 75 85 70 80 70 70
65 65 65 85 85 75 75 65 65
65 65 65 80 80 75 80 65 65
65 65 65 80 85 75 70 65 65
75 75 75 95 90 85 80 75 75
80 80 80 95 90 90 90 80 80
65 65 65 80 90 80 80 65 65

00¢



Appendix F--Continued

Experimental Condition

Experimental
Group _ CHABA NST
0 dB/octave +6 dB/octave -6 dB/octave Noise
Talker Male Female Male Fem-<-le Male Female Male Female
Flat Sensori-
Neural Loss 70 dB 70 dB 70 dB 90 dB 95 dB 90 dB 25 dB 70 dB 70 dB
80 80 80 105 105 105 100 80 80
65 65 65 8G 85 80 75 65 65
75 75 75 110 110 100 95 75 75
65 65 65 75 80 75 85 65 65
65 ~ 65 65 85 90 85 85 65 65
75 75 75 90 90 80 85 75 75
75 75 75 85 80 75 80 - 15 75
80 80 80 95 95 95 90 80 75
70 70 70 ‘85 95 80 85 70 70

102



Appendix F--Continued
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_Experi_me.ntal Condition

Experimental
Group o CHABA : NST
v
0 dB/octave +6 dB/octave -6 dB/oc_:%ave N Noise
‘ Talker } Male_ Female Male Female Male ' Female _Male - Female
Moderately sloping
Sensori-neural
Hearing Loss 65 dB 65 dB 65 dB 80dB 100d4dB 80 2B 35 dB 85 dB 65 dB
75 80 380 95 105 90 95 80 80
75 75 75 a5 95 85 85 75 75
85 85 85 100 105 a5 100 85 85 |
65 65 70 85 90 80 85 70 70
70 70, 70 75 80 - 75 75 70 70
65 65 65 . 80 85 75 75 65 65
65 65 65 a0 90 85 85 65 65
75 75 75 20 90 75 85 75 75
75 75 75 105 100 a0 N 95 7'5 75

(41}4



Appendix F--Continued

Experimental Condition

Experimental
Group CHABA NST
0 dB/octave +6 dB/octave -6 dB/octave Noise
‘Talker Male Female Male Femaie Male Female Male Female
Severely Sloping
Sensori-Neural ' -
Hearing Loss 75 dB 70 dB 75 dB 95 dB 95 dB 75 dB 75 dB 75 dB 75 dB
65 65 65 - 90 100 85 90 65 65
65 65 75 85 85 75 75 75 75
80 80 80 95 95 85 20 80 80
75 75 75 80 90 20 g0 75 75
65 65 65 85 95 80 80 65 65
70 70 70 85 85 - 80 80 70 70
75 75 75 100 105 85 85 75 75
65 65 65 90 95 80 85 70 70
70 70 70 90 95 80 85 70 70

€03
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SAMPLE OF NONSENSE SYLLABLE TEST PAGE
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Page Name

OOSH OOK 00S oOoP OOF OOT OOTH
OOSH OOK 00s OOP OOF 00T OOTH
OOSH OOK - 00s ooP OOF OOT OOTH
OOSH OOK 00s OOP OOF OOT OOTH
OOSH OOK 00s QOP OOF OOT OOTH
OOSH OOK 00s OOP OOF oOoT OOTH
OOSH . OOK 00S OOP OOF OOT OOTH
OOSH OOK 00s OOP OOF  OOTH

ooT




APPENDIX H

SAMPLE OF CHABA SENTENCE LIST SCORE SHEET
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List G

e it b4} T 4t

I'll see you right afier funch.

T MR L X * " JU VISCPrpE SR E NP N SPIP I G DU S PRSP R P ST

See you later.

-
R TR N YV I Y TR PRV ) T e Ly : - —

3&

White shoes are awful to keep clean.

[EPRPN Sy ] x..

Stand there and don't move until 1 {ell you!

. LR

B L L PSP SN

'There's a big piece of cake lefi over from dinner.

- shiraeianas

m— . ca. T 2ot o € 2 i sk o $4 it

[P

Jt's no troubl_g at all.

. oo

8.

- R SR

Hurry up!

e T - PPN RSV RN A R PO

90

The morning paper didn't say anything about rain ithis afternoon
or tonight.

P T T T L T EVCIURY T S SN

[

Subject Number

- e

The phone call's for you.

catage Ty

TR PPIE P Bemn pras g -

Date

ot 3 s et + Tt b . B ref e AC b w2

Score

Noise Conditicn




APPENDIX I

RATING SHEETS FOR THE SENTENCE AND NONSENSE
SYLLABLE MATERIALS
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Subject

Date

’fape 1
Tape 2
Tape 3
Tape 4
Tape 5
Tape 6

Tape 7

Tape & -

Intelligibility Ratings
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Talker 1
Talker 2
Talker 3
Talker 4
‘Talker 5
Talker 6
Talkér 7
Talker 8
Talker 9

Talker 10

Subject

Intelligibility Ratings

7

7

Date

CHABA Tape

210



APPENDIX J
INTRODUCTION LETTER TO POTENTIAL SUBJECTS,

CONSENT FORMS SIGNED BY SUBJECTS AND
THANK YOU LETTER SENT TO SUBJECTS

211



. UL S ma Y St e § oS\, BT e e Pt e S - e - v PP "»‘ SN “212 «'
(z , . . .
b Martin L. Haubenstock, Presigent
E . Paul H.ALrams, 1st vica-President
i BMHC . Joseph Dunn, 2ng Vice President

PR L PTT R

ke COXAY At

it S ar s gl g

i

Rt S A3

b S

<o,

2 Gt b i o o TS,

a

D L L

3, e 3 e T

=\ Barnert Memorial
@{"’) Hospital Center

- 680 Broadway. Paterson, New Jersey 07514 o 201-274-8000

Hearing and Speech Department
: Jacqueline L, Edelstein, M.S,,CCC
Depertment Executive

bear ’
N <

As I1'm sure yecu know, we i the hearing healih fieids are
Calways urv;nv 10 find pew ways and improved meihodz of helping
thoua vitn hcaring probloms,

@s part c¢f thnis contiruing process, we are carrent;y involved

in & rescarch preject dealing with coms aspecis of speech
understandiong. We are evaluating some n2wy test uatcrials and
would appreciste wyour cooperation, -

In thke next iew wan (& a menbher ¢
calling you on the

of our

——

Robzrt M. Singer, Secratary
Wiitiam F. Forbes, Treasurer
l.ouis S. Miller, Assistant Secretary-Treasurer

. .
Harvey Schoenfeld, MBA . MS. FACHA,
FAPHA, FRSH.,
Executive Vice Presictent and Director
Thomas B. Doolan, M.B.A., Administrator

January 15, 1478

research tean will be

telsvhone to discuss the vessibility of your

partICIDatlvn in +he grudy,,

The cludy involves listening to

N s L XLy

recorded samples of speech typical of thosze used in clinical

tgsts. The test will talie about Lwo and a half hours i your
time, The results of this may be influeniiasl upon clinical

practice in Audiology.

i hope you will give this
and will agrec to participate,

) - .. ﬁ erely,
‘ . Ly V) La}L/¢c4axq,f
' sy MiA.,CCC

Maris K¢ Margulis
Chief Audiologist

: AMTILIATE oF THS
MLTROPOLITAT COMIUNLITY MENTAL dIALTH GENTER

o

opportunity your serious consideration

?
.
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Martin L. Haubenstock, President
Paul H.Abrams, st Vice-President
Joseph Dunn, 2nd Vice Presidant
Robert M. Singer, Secratary

o ‘s William E. ' ” A
Barnert Mernorial e e T

0 B A
-Q'—-,; Hospital Center Harvey Schosnfald. s . ws. FAGHA.

Executive Vice President and Director

680 Broadway, Paterson, New Jersey 07514 » 201-274-8000 Thomas B. Doolan, M.B.A. Administrator,

.

CONSENT STATEMuNT

for )
SPEECH_DISCRIMINATION STUDY

I, . s understand that T am

- to be a participant in a research study on speech discrimination

which is being conducted by Maris K. Margulies at the Hearing
and Speech Center of the Barnert Memorial Hospital.

I understand that there are not necessarily any direct benefits

) ﬁo_me from my participation in the study.

I have been informed that experience in vrevipus tests of this
type have shown no risk to the listener and that the procecures
conform to current clinical practice,

I understand that I may withdraw my conscnt to this test .any time
prior to or during the test and that doing so will in no way
prejudicially affect my or my family's trcatment at this hospital,
SIGNED

ADDRESS

DATE ' . i :

Should any additional information be desired, please contact
Mrs, Margulies at (201) 274-8000, ext. 229. She will be happy
to answer any inquiries which_you might have.

AFFILIATE OF THE .
METROPOLITAN COMMIMNITY MENTAL HEMLTH CENTE

ev— A e T - Q! G g WL ==
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Martin L. Haubenstock, President -
Paul H. Abrams, 1st vice-Presigent
Joseph Dunn, 2nd vice President
Robert M. Singer, Secrctary

Barnart Mamorial i
H @ S p i-t-a ! C e ﬂ .i-e r Harvey S:Rf:ﬁl?ﬁrg:., MS. FACHA,

Executivo Vice President and Director

680 Broadway, Paterson, New Jersey 07514 « 201-274-8000 o Thomas B. Doolan, M.B.A, Administrator

Hearing and Speech Department
Jacgueline L. Edelstein,Me<s,,CCC

Department Executive : o
Date: )
Dear

I am writing to vou to express my gratitude for

vour participation in the speech discrimination

study, Your ccoperation, interest and vatience -
provaed invaluable, I apdreciate the hours and . .
effort you donated to the project and are grateful

for the assistance vou cgave in this attempt to

develop improved procedures for serving. individuals

with impaired hearing. . .

Thank you again.

Sincerely,

Maris K. Margulies, M.A.,CCC . . e
Chief Audiologist : ‘

HKH/pE - .

AFFILIATE OF THE -
METROPOLITAN COMMUNITY MENTAL HEMLTH CLNTZR
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APPENDIX K

ORIGINAL AND CORRECTED CHABA SENTENCE SCORES
FOR TALKER M5
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Original and Corrected CHABA Sentence Scores for
Talker M5 in Percent Correct

216

Original Score (%)

Corrected Score (%)

29
32
39
41
44
50
53
55
o6
60
70
72
75
78
81
82
83
85
86
93
94 (87 for group 2)
94
95
96
96
96
96
100




AFPENDIX L
RESULTS OF TARGET SYLLABLE-TALKER INTERACTION

ON THE CONFUSION MATRICES ON THE
NONSENSE SYLLABLE TEST
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Results of Target Syllable-Talker Interaction on the
Nonsense Syllable Confusion Matrices

218

Voiced Congonants

Talker Gender

Target Subtest Mal. Female Mean
6
b before fa/ .74 .83 .78
7
before /a/ . 31 .66 .48
Mean .93 .74 .63
4
after fa/ .70 . B85 .67
€6+ 7T+ 4 :
Mean .58 71 . 65
]
d before [a/ . 80 77 78
7
before /a/ .83 .74 .79
 Mean .82 75 .79
4
after [a/ .79 .69 .74
6+7+4
Mean .81 13 .17




Voiced Cpnsonants—-Continued N
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Talker Gender

Mean

Target Subtest Male - Female
4 5
g before [a/ .73 .'75 .74
7
before /a/ .70 .66 68
Mean .71 .70 .71
4
after /a/ .68 .58 . 64
6+7T+4
Mean .71 .66 .68
6
v before /a/
7
before /a/ .17 .22 .18
Mean
4
afier /a/ .47 .43 . 45
6+"7+4
Mean .32 .32 .32
6
j before /a/
7
before /a/ .62 .54 .58
Mean
4
after /a/ .13 .06 .10
6+7+4
_ Mean :37 .30 o_38
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Voiced Consonants--Continued

e — et ]
— — e}

Talker Gender

Target Subtest Male IFemale ~ Mean

6
z before /a/
4 7
before /a/ . 80 .52 .66

Mean
4
after [a/ 75 15 .75
6+7+r4
Mean T . 64 71

6
m before [a/
7
before /a/ ' .87 LT .82

Mean
4
after /a/ .75 .16 .76

Mean .81 .16 <79 -

6
n before [a/
7
before /a/ .92 . 86 .89

Mean
4
after /a/ .84 .73 .79

) .Mean_ ‘ ‘ _.88 .79 .83 _




‘ Vo_iced_ an_so_na_nts -- Contir_lued
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Subtest

Talker Gender

Target Male Female Mean

4 .

9 after /a/ . 85 .83 .84
6

1 before /a/ . 84 .86 .85
6

w before /a/ .52 .64 .58
6

j before /a/ . 87 . 84 .86
6

cl} before /a/ .88 .75 .81
6 ‘ -

r before /a/ .89 .66 .77




Appendix Li--Voiceless Consonants
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Talker Gender

Target Subtest Male Female Mean

1

p after /a/ L Ts .77 .75
2

after /u/ .53 .74 .64
3

after /i/ .34 .48 .41

Mean . 54 .66 .60
5

- before /a/ 80 .68 .74

14+2+3+5

Mean . 60 .87 .64
1

t after [a/ . b6 .70 .63
2

after [u/ .62 .60 .61
3

after /i/ .74 .85 . 69

Mean .64 . 65 . 64
5

before [a/ .71 .64 .68

1+2+3+5
Mean . 66 . 65 .65
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~ Voiceless Consonants--Continued

—

Talker Gender

Target Subtest Male Female Mean
1
k after /a/ . 6% .66 .66
2
after /u/ .54 .67 .61
3
after /if .81 .57 .89
Mean .67 . 63 .65
5 | |
before /a/ .62 .67 .65
1+2+3+5
Mean . 66 . 64 .65
1
f after /a/ .34 .39 .37
2
after /u/ .71 .42 .12
3
after /i/ .14 17 .16
Mean : .40 - .43 .41
5
before /a/ .72 .16 .74
1+2+3+5

Mean .43 .51 .50




Voiceless Consonants--Continued

Talker Gender

224

Target Subtest Male Female Mean
1
8 after /a/ .21 17 .19
2
after /u/ .53 .58 .52
3
after [i/ .32 .41 .37
Mean .35 <37 .36
5
before [fa/ .59 .46 .52
1+2+3+5
Mean .41 .39 « 40
1
s after [af .50 .35 . 43
2
after /uf . 46 .38 .42
after [if . 60 .49 .55
Mean . 52 .41 .46,
5
" before /a/ .78 .62 .70
1+2+3+5
Mean .58 .46 .52
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Voiceless Consonants--Continued

Talker Gender

Target Subtest Male Female Mean
i _
j after /a/ . 82 .75 .79
2
after [u/ .55 .40 .48
3 .
after /i/ .82 .73 .78
Mran .73 .70 .08
5
before /a/ .85 .54 .70
1+2+3+5
Mean .76 . 61 .69
5
t_j before /a/ .84 .85 .84
5

h before fa/ .73 .72 L2




APPENDIX M
RESULTS OF TARGET SYLLABLE-EXPERIMENTAL GROUP

INTERACTION ON THE CONFUSION MATRICES
FOR THE NONSENSE SYLLABLRE TEST
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Results of Target Syllable-Experimental Group Interaction

on the Nonsense Syllable Confusion Matrices

227

— — e -
Voiced Consonants
Experimental G‘rr()ups1
Target Subtest #2 #1 #3 i#4 #5 Mean
6
b before /a/ .91 .18 . 86 .70 .78 .78

7

before [a/ .73 .51 .53 .49 .38 .48

Mean .82 . 64 .69 .60 .58 .63
4

after /a/ .81 .70 .79 .59 .58 .66

6+7+4 i

Mean . 82 . 66 .72 .59 .58 . 64
6

d before /a/ .86 .90 . 90 .62 .85 T

7

before /a/ .81 .84 .82 .81 .87 .19

Mean .84 . 87 .86 .72 .66 .78
4 .

after [a/ .79 .75 .82 .67 .72 .74

6+7+4

Mean .82 .83 .85 .70 .68 .76

1Experimenta1 Group numbers refer to those used throughout

the study:

1.
2.
3.
4.
5.

conductive hearing loss

normal hearing

flat sensori-neural loss

moderately sloping sensori-neural hearing loss
severely sloping sensori-neural hearing loss.



Target

Subtest

Voiced Consonants--Continued

Experimental Groups

228

#2

#1

#3

#4

#5

Mean

6
before /a/
7

before /a/

Mean

4
after /af
6+7+4
Mean

.85

. 84

.85

»G3

.84

.81

.80

.81

.78

080

. G3

155

O59

.47

<95

13
.58

.66

.73

6
before /a/

7
before /a/

Mean

4
after /a/
§+7+4
Mean

.44

.16

.50

.33

.16

.47

.32

.18

.39

I?l?

.24

.42

.33

.19

.44

'32

6
before /a/

7
before /a/

Mean

4
after fa/
6+7+4
Mean

. 17

. 27

- 52

. 12

.66

.10

.38

.44

.08

.26

.46

.05

.26

.57

.09

.33
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Voiced Consonants--Continued

Experimental Groups

Target Subtest #2 #1 #3 #4 #5 Mean

6
Z before /a/
7
before /a/ . 90 .79 .12 .51 .62 .66

Mean
4
after /af . 91 . 88 .84 . 64 .98 <73
6+7-+4
Mean » 91 .83 .18 .58 .60 .70

8
m before /a/
7
before [al/ .89 . 84 .85 71 . 84 . 81

Mean
4
after jal .82 L77 L7 .66 . 80 .75
T 6+T7+4
Mean .88 .81 .81 .68 .82 .78

6
n sefore [fa/
7
before /a/ .89 . 01 .89 .85 .85 . 88

Mean
4
after [a/ .82 . 80 . 82 .73 .78 .78
54 7+4
Mean .86 .85 .86 .79 .84 .83
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Voiqed Cpnsonants —7_Contin_ued
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Experimental Groups

Target Subtest #2 #1 #3 #4 #5 Mean

4

VJ atter /a/ .89 .84 .84 . 87 .78 .83
6

1 before /a/ . 89 .90 .84 .82 . 81 .84
6

w before /a/ .87 .72 .72 .35 .51 .58
6 ‘ .

j before /a/ .92 .89 .90 .75 .85 .85
6

d} before [a/ . 93 .85 . 86 .79 L 72 .81
6

T before /a/ . 88 . 85 LT .67 .81 .78
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Experimental Groups

Target Subtest #2 #1 #3 #4  #5 - Mean
1
P after /a/ .83 .82 .83 L7 .61 .74

2

after /u/ .76 .60 .72 . 64 .57 .63
3

after fi/f .76 .41 .52 .41 .29 .41

Mean .78 .81 .69 .58 .49 .59
5

before [af .83 .70 .79 .73 .74 .74

1+2+345 ’

Mean .78 .63 .72 . 62 .55 . 63
1

t after /a/ . 90 .79 .77 .51 .41 .62

2

after fu/ .68 .71 .60 .55 .56 .60
3

after [i/ .91 .74 .77 .68 .55 .63

Mean .83 .75 .72 .58 .50 . 64
5 .

before [a/ .91 . 80 .83 .59 .41 .66

14+2+3+5

Mean . 85 .76 .74 .58 .48 . 64
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Voiceless Consonants--Continued

| Experimental Groups

Target Subtest #2 #1 #3 #4 #5 ~ Mean
1 _
k after /a/ .79 . 66 . 82 .50 .61 .65
: 2
after /u/ . 90 .72 .72 .54 . 42 . 60
3
after [i/f . 87 .72 . 84 .67 .50 .68
Mean . 43 .70 .19 .57 . 51 . 64
5 .
before /a/ . 86 .70 .73 .62 .52 .64
1+2+3+5 _
Mean . 86 .70 . .58 .52 . G4
1
f after /a/ .58 . 50 .47 .23 .27 .37
2
after /u/ .92 LT . 86 .73 .47 .71
3
after [if .31 .12 .26 .15 .09 .16
Mean . 60 . 46 .53 .37 .28 A1
5
before [a/ . 86 LT . 84 .69 .62 .73
1+2+3+5

Mean .67 <54 . 61 .45 .36 .49




Vp_ic;eless Consonants--Continued

233

Experimental Groups

Target Subtest #2 #1  #3  #4  #5  Mean
1
B  aiter /a/ .40 .27 .18 .21 .11 .19

2

after /u/ .82 . 80 .66 .46 .36 .52
3

after /i/ .59 . 45 .43 .23 . 34 .36

Mean L 61 .44 49 . 30 .27 .36
5

before [a/ . 66 . 68 .84 .43 .34 .52

1-+2+3+5

Mean . 82 .49 .48 «33 .29 .40
1

S after /a/ . 90 . 66 .52 .52 .37 42

2

after /u/ .74 .55 .65 .25 .23 42
3

after /i/ .92 .83 .57 .39 .35 .46

Mean .85 , 68 .58 .56 .28 .53
5

before /a/ .94 .85 .18 .56 56 .69

1+2+3+45 .

Mean . 87 .72 . 63 .56 .35 . 57




Vpic_eless C‘.onson.ants-A-Continuec_l .
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Experimental Groups

Target Subtest #2 #1 #3 #4 #5 Mean
1
,S after /a/ .92 .88 .91 .76 .51 7
2
after /u/ .92 .71 .64 .35 .21 .48
3
after /i/ .91 .83 .88 .80 .57 17
Mean .62 .81 .81 .64 .43 .67 -
5
before /a/ .84 .74 .83 .69 .53 .70
1+2+3+5
Mean .90 .77 .81 .65 .45 .68
5
t_j before /a/ .92 .87 .91 .85 .70 .83
5
h before [al . 81 .75 .63 . 66 .71

.82




AFPPENDIX N .
RESULTS OF TARGET SYLLABLE-EXPERIMENTAL CONDITION

INTERACTION ON THE CONFUSION MATRICES FOR THE
NONSENSE SYLLABLE TEST
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Results of Target Syllable-Experimental Condition Interaction
on the Nonsense Syllable Confusion Matrices

ll

Voiced Consonants

Experimental Condition

Target Subtest 0 dB +6 dB -6 dB Noise Mean
. 6
b before /a/ .81 .87 . 81 .61 M
7
before /a/ .52 .58 52 .30 .48
Mean . 87 .12 .66 .45 .61
4
after /a/ . 80 . 80 . 80 .23 .66
6+7+4
Mean .71 .75 .71 .38 .64
6
d before /a/ .81 . 86 .79 .67 .78
wo
before /a/ . 87 . 85 .82 .57 .78
Mean . 84 .86 .81 .62 .78
4
after /a/ . 81 . 88 . 84 .35 .72
6-+7+4
Mean .83 .86 .82 .53 16




Voiced Consonants--Continued
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Experimental Condition

Target Subtest 0 dB +6 dB -6 dB Noise Mean
6
g before /a/ . 87 .90 . 84 .23 L71
7
before /a/ .72 .88 .18 .26 .66
Mean .79 859 .81 .24 .68
4
after /a/ .11 .79 .69 .32 . B3
6+7-+4
Mean 7 .86 17 27 .87
7
v before /a/ .13 .18 .24 .15 .18
4
after [a/ .46 . 60 .56 .18 .45
7+4
Mean .35 .43 . 36 .18 .33
7 )
*%  before /a/ .60 .74 .64 . 30 .57
4
after /[a/ . 09 .13 . 09 .05 . 09
T+4
Mesn .35 .43 . 36 .18 <33
7
z before /a/ 71 .82 .58 .51 .66
4
after /a/ .72 .90 .75 .58 74
+4
Mean 71 . 86 .67 .55 .70




Voiced Cons onants--Continued
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e

e —n

Experimental Condition

Target Subtest 0 dB +6 dB -6 dB Noise Mean

7 .

m before /a/ . 89 . 89 .81 .63 .80
4

after /a/ . 89 .85 .82 .35 .73
T+4

Mean . 89 . 87 .82 .49 LT
7

n before [a/ . 90 . 90 .89 .86 . 89

p o e ot

after /a/ . 85 . 89 .76 . bl .18

Mean . 87 89 .82 .73 .83
4

D after fa/ . 91 .91 .85 .62 .82
8

1 before /af . 86 .93 . 89 .65 .83
6

w before [a/ .82 .73 .53 .43 .58
6

before /a/ .89 .91 . 80 LT .85
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Voiced Consonants--Continued

II

Experiment_al Con(_iitipn

Target Subtest 0 dB +6 dB -6 dB Noise Mean
6
d3 before /a/ .79 . 89 . 80 .74 . 81
6

r before /a/ .86 .91 .79 .49 .76

| A B —— o s § A T ot 8 TS § W SRS et & St S At S Sy oo mice - - - - ——
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Appendix N--Voiceless Consonants

Experimental Condition

Target Subtest 0dB +6dB  -6dB Noise Mean
1
p after /a/ . 84 . 84 .83 .43 .74
2
after fu/ .76 .78 .79 .18 .56
3
after /i/ . 37 .52 .51 .24 .41
Mean .66 .71 .71 .27 .57
5
_before fa/ .76 . 87 .90 - .35 .72
14+243+5 :
Mean .68 .79 .76 .30 .61
i
t after /a/ .69 - .81 .51 <47 .62
2
after /u/ .68 .69 11 .22 .60
3
_after /i/ . 68 .78 .73 . 57 .69
Mean . 69 .76 .65 .45 .64
5
before [a/ .75 .84 .59 .47 .66
1+4+24-3+5

Mean .70 .78 . 64 .46 .64




Voiceless Consonantsf—Continued N
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Experimental Condition

Target Subtest 0 dB +6 dB -6 dB Noise ‘Mean
1
k after /a/ .71 .82 <73 . 32 .65
2
after /u/ .65 74 .80 .42 .60
3
after /i/ .72 . 82 .76 .44 .88
" Mean . 69 .79 .70 .39 .59
5 .
before fa/ .75 .80 .80 .20 .65
1+2+3+5
Mean .11 .80 12 . 34 .64
1 .
f after /a/ .39 .51 .40 17 v
2
after /u/ .69 .83 . 54 .69 .13
3
after /i/ .19 .18 13 .11 15
Mean .42 .5l . 39 , 39 .41
5
before /a/ .84 .85 .81 .38 "L T2
1+2+3+5
Mean ..53 59 .49 .38 .49




Voiceless Consonants- -Continued

242

Experimental Condition

Target Subtest 0dB +6 dB -6 dB Noise Mean
1 .
6 atter [a/ . 20 . 23 .17 .16 .19

2

after [u/ . 65 .74 .51 .18 . 52
3

after /i/ .25 . 61 .31 .28 .36

Mean .37 32 .33 « 206 <37
5

before /a/ .57 59 .62 .31 .52

1+2+3+5

Mean .42 .54 .40 <27 41
1

s after [a/ 39 .67 .31 .32 .42

2 .

after /u/ .44 .58 44 .22 .42
3

after [i/ .49 .15 .40 .52 .54

Mean . 44 . 67 .38 .35 .46
5

before /a/. .71 .82 . 64 .61 .69

1+2+3+5

Mean .91 . 71 .45 .42 .92




Voiceless Consonants--Continued
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Experimental Condition

Target Subtest 0 dB +6 dB -6 dB Noise =~ Mean
1
S after /a/ 77 .87 . 69 . 80 .78
2
after /u/ . 37 .70 .34 47 47
3 .
after [if .75 . 88 .70 .75 L7
Mean .83 .82 .58 .67 .67
5
before /a/ .76 .78 .79 .44 .69
1+2+3+5
Mean . 66 . 81 .63 .61 .68
5
tj before /a/ .84 .91 .83 .75 .83
3
h before fa/ . 82 . 88 .84 .70

.26
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