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ABSTRACT

For 20 severely/profoundly hearing-impaired
listeners, voicing perception for final frica-
tives was tested using spoken syllables with and
without enhanced frication. The enhancements
involved filtering and amplification of /f/, /s/,
and, of iterations of pitch periods in the vowel
offset to replace /v/, /z/. Nearly 3/4 of the
listeners showed considerable improvement in per-
ception for the fricatives with enhancement.
Discrimination training for voicing cognate
syllables contributed to the improvement in per-
ception found for the enhanced fricatives. For
syllables with natural fricatives, lower per-
formance and less improvement was seen as a
result of training. Inaudibility of the enhanced
fricatives seemed to explain the poor perform-
ances of listeners who showed no improvement in
volcing perception for the enhanced fricatives.

INTRODUCTION

Previously, we examined the effects of cue
degradation on final consonant voicing perception
by moderately/severely hearipg-impaired listenfrs
(Revoile et al., 1982l and 1985021y,
Elimination of the vowel duration cue and/or the
consonant constriction cues (i.e., frication,
stop bursts, presence of voiced murmur) degraded
perception for most of tife hearing-impaired
listeners studied. We then began to investigate
whether enhancement or exaggeration of cues to
final consonant voicing could yield improved per-
ception for hearing-impaired persons who typi-
cally manifest reduced ability to distingiiih
consonant volcing (Revoile et al., 198713),
1986[u] & 1986{5 ). This paper describes an
experiment on amplification and filtering of
final fricative consonants as a means of facili-
tating fricative voicing distinctions by hearing-
impaired listeners.

METHOD

The 1listeners were 20 hearing-impaired
Gallaudet undergraduates who had predominantly
profound losses. Their threshold averages for
.5, 1, and 2 kHz (3FA) ranged from 80 to 108 dB
HL, with a mean (X) of 94 dB HL. The listeners
were selected to have 3FA of at least 80 dB HL
because our previous findings suggested that

reduced consonant voicing perception would be
concomitant_  with sv.ic)h impairments (Revoile et

al., 1982411 198512
Stimuli. The syllables /bee s, b® z, b2 f,

b v/ served as the stimuli to test fricative
voicing perception. For most of the experiment,
4 different syllable utterances (female talker)
representing each fricative were used in a test
block (16 different utterances). These tokens
had been selected from a larger pool of utteran-
ces to differ minimally in vowel duration between
voicing cognate syllables. Some mean acoustical
characteristics of the test utterances are shown
in Table 1.

The phoneme segment durations were measured
visually on waveforms of the utterances; rms
intensity was measured for the duration of each
segment. The vowel/frication boundary was iden-
tified on the waveform as the point at which
periodic vowel oscillation ceased. The utteran-
ces had been digitized (16.67 kHz sampling rate)
for these measurements and for processing of the
frication enhancements. Further details of the
recording and measurement_ procedures can be found
in Revoile et al. (1986 ).

The frication segments of each utterance were
altered to generate the enhanced stimuli. The
/f/ and /s/ frications were low-pass filtered
(5 kHz) and then amplified by 21 dB. The /v/ and
/3/ frications were deleted and replaced by 4
iterations of 2 to 4 pitch periods copied from
the end of the vowel in each utterance. These
pitch periods contained some f, as well as con-
sonant friction noise. The pitch periods were
iterated to yield frication durations that nomi-
nally matched those of the deleted frications.
The segments were band-pass filtered (.25 to !
kHz) to reduce the presence of the vowel f, and
intensified by 18 dB. In the enhanced syllables
(Table 1), ncte that the frications had been
amplified to approximate the level of the vowels.

Procedures. The testing and training of
fricative voicing perception was carried out in
an experiment on cue enhancement for final con-
sonant voicing that lasted about 2-1/2 monthS.
During that period, the listeners participated in
twice weekly sessions of 50 minutes each. The
initial 3 to 4 sessions of the experiment were
devoted to screening tests for perception Of
final consonant voicing, to insure that the stu-
dents chosen as 1listeners manifested reduced
volcing perception of final fricatives. The
training segment of the experiment began with a
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TABLE 1. A summary of some ac
/b s/, /beev/, /bez/.

oustical characteristics from 4 utterances each of /beze £/
?

Duration, m

] Intensity, dB!
) ) Frication
Vowel Frication Vowel Unaltered Enhanced?
./bzt.f'/ siD %ggﬁg 211.3 49.1 27.9 47.8
o . (18.5) (1.2) (2.4%) (0.4)
/bgev/ X 291.6 114.0 49.4 28.2 49.9
S.0. (9.9 (14.2) (1.1 (1.7) :
e .7 (1.5)

1T Relative to an arbitrary reference.

I?tensity merf\sur'ements for the enhanced voiced fricatives were of iterations
of pitch periods from the vowel offset, which were substituted for the natural

/v/ and /z/ frications.

baseline assessment of the syllables both
unalt?red and with frication enhancement.
Tr"ain-mg for the syllables with enhanced frica-
tives was usually followed by training for the
unaltered syllables. All stimuli were presented
to each listener's better ear at a most com-
fortable level (MCL) established by an adaptive
procedure at the beginning of each session.
Syllable identification trials were used to
test fricative voleing perception throughout the
experiment. The response buttons used by the
listeners were labeled: BAFF, BASS, BAV, BAZZ,
and BA. No feedback of correct answers was
given.
tesnge unaltered and enhanced utterances were
0 ed in separate blocks of trials. In each
ock of 48 trials, the 4 different utterances
ber fricative were each presented 3 times in ran-
zgm order. These syllable blocks were tested for
e baseline measurements of fricative voicing
Perception, and before and after training.
1nvo§he training of fricative voicing perception
b gtled diserimination trials of voicing cognate
o ables with feedback following each trial. In
trli):;ate blocks, two types of discrimination
. S were used--an "oddity"™ procedure and a
cg:flr‘ed-compaxf-ison" procedure. The "oddity" pro-
BAZ;"; presented syllable sequences, such as BASS
The liASS or BAZZ BASS BAZZ in separate trials.
sentedstener chose which sequence had been pre-
Sented. The "paired-comparison" procedure pre-
155 syllables pairs such as BASS BASS, BAZZ
sel » BAZZ BAZZ, or BASS BAZZ and the listener
¢lected the pair heard.
usedTl’;e unaltered versus enhanced syllables were
sessy n separate training sessions. A training
tit‘icon began with assessment of syllable iden-
o tcation.  Subsequently the "oddity" followed
werepa:!.r'ed comparison" discrimination procedures
repre presented for each of the syllable sets
syuaiinting {s/-/'z/ and /f/-/v/. Finally,
of th e ldentification was retested at the end
€ session.

Most of the the listeners were administered 2
to 6 training sessions (X=3.8) for the syllables
with enhanced fricatives. Typically, 1listeners
who received fewer training sessions were those
who evidenced chance performance after training
for the fricative-enhanced utterances. Because
of their poor performances, these listeners were
not trained for the unaltered syllables, to limit
their frustration with the training. However
all listeners who showed at least some ability té
perceive voicing after training for the enhanced
fricatives _(360%) received 1 to 3 training
sessions (X=1.7) for the unaltered syllables.

An  additional discrimination procedure
"frication presence", was used to determiné
whether the frications were audible to the 1lis-
teners. The procedure required discrimination of
an utterance-with-frication, versus that same
utterance with frication deleted. The trials
used were 3IFC, with the fricationless utterance
presented twice and the full utterance once. The
listener chose which interval contained the full
utterance. Feedback of the correct answer was
presented after each trial.

RESULTS

The performance of each 1listener for each
fricative was scored according to percent correct
voicing perception (errors in place perception
ignored) for each block of syllables presented.
A total percent correct score was computed for
each test condition (i.e., screening, baseline,
etc.) by averaging scores across fricatives and
repetitions of stimulus blocks. Much of the data
represented chance level performance. When such
performance was seen among the listeners overall,
no statistical analyses were carried out.

The listeners were assigned to one of 2
groups depending upon whether their average per-
formances were above chance level (at least 60%)
for voicing perception on the tests administered
after training for the enhanced fricatives. The
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6 1listeners who scored below this criterion
formed the poor group; their mean (X) 3FA was 98
dB HL. The other 14 listeners (X 3FA = 91 dB HL)
composed the good group. Mean fricative voiecing
perception for the groups on each test condition
is summarized in Table 2.

Performance for unaltered syllables. The
good and poor listener groups can be compared for
performance on the unaltered syllables when these
stimuli were administered for the screening and
for the baseline tests. For both of these tests,
similar performances occurred between the groups;
mean scores of 1less than 50% were obtained.
These chance level performances indicate that the
voicing cues for the natural fricatives were
generally not utilized by the listeners, at least
prior to training. (Recall that the vowel dura-
tion cue had been reduced by pre-selection of
voicing cognate utterances having minimal value
for this cue.)

For the good group, training for the
unaltered syllables resulted in some improvement
in voicing perception for the fricatives. The
group's scores after training for the unaltered
syllables were significantly higher than before
{t-test for paired samples: t(13)=3.9, p<{.01},
although by a mean difference of Jjust 8%.
Because only 1 to 3 sessions of training were
used for the unaltered syllables, it's possible
that the maximum improvement in fricative voicing
perception was not achieved. Lack of familiarity
with the training procedure was probably not a
factor in limiting the improvement seen for the
unaltered syllables because their training was
subsequent to that for the enhanced syllables.
Nevertheless, a longer period of training might
have heightened the listeners' awareness of the
natural fricative voicing cues in the unaltered
syllables.

Performance for syllables with frication

enhancement. When the syllables with enhanced
fricatives were 1initially presented, neither
group of listeners performed well. The baseline

tests for these syllables, administered just
before training, yielded performance at chance
level for both groups.

The training for the fricative-enhanced
syllables resulted in large performance differ-
ences between the listener groups, both before
and after training. The poor group performed at
chance 1level for the syllables with enhanced
fricatives, regardless of training, while the
good group scored at least 20% above chance. An
analysis of variance was carried out using as
factors: group (good versus poor) by
before/after (treated as a repeated measure).
Highly significant differences were found between
the good and poor groups for performance with the
fricative-enhanced syllables during training
F(1,18)=45.9, p<.001].

An interaction appeared between the factors:
group and before/after [F(1,18)=5.6, p=.03]),
indicating that the amount of performance change
occurring before versus after training was dif-
ferent between the listener groups. Further ana-
lyses of simple main effects revealed that the
scores after training were significantly greater
than before training for the good group
[F(1,18)=27.7, p<€.001), while the poor group
showéd no difference in scores before versus
after training [F(1,18)=.39, p=.54].

The results for the discrimination of frica-
tion presence were examined to determine whether
the groups' performance differences for the
enhanced syllables might be associated with the
general audibility of the enhanced frications.
Between utterances with enhanced frication versus
those utterances fricationless, the good group
showed 87% mean discrimination and the poor
group, 51%. While the poor group scored somewhat
above chance (33%), their reduced level of per-
formance indicates that they were unable to
discriminate the presence versus absence of the
enhanced frications for the majority of the
utterances. This reveals that these listeners’
inability to perceive voicing for the enhanced

TABLE 2. For unaltered and enhanced final /f/, /s/, /v/, /z/ in /b C/ syllables, mean percent
correct voicing perception by two groups of hearing-impaired listeners for various tests during

the experiment.

Unaltered Syllables

Syllables with
Enhanced fricatives

Screening Baseline Training Baseline Training
Testsd
Before After Before After
Good X 46.0 47.0 62.3 50.0 73.0 82.6
Group (s.D.) (6.2) (8.5) (7.7) 8.7 (15.1) (10.9) (8.0)
(n=14)
Poor X 45.5 46.0 54.0 50.2 52.0
?rogp (s.D.) (9.9) (11.6) (7.9) (6.9) (5.1
n=6)

8 Scores based on 40-utterance block. Dashes are inserted where no tests were administered.
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fricatives was generally a result of frication
inaudibility. For the unaltered syllables, the
mean discrimination score for presence-vs-absence
of the natural frications was 51% for the good
group  and 28% for the  poor  group.

Unaltered versus enhanced training effects.
For the good group of listeners, scores could be
compared between the wunaltered and enhanced
syllables for training of fricative voicing per-
ception. Overall, performance with the enhanced
syllables throughout training was markedly better
than for the unaltered syllables [E(1,13)=61.2,
p¢.001). However, the effects of training were
similar for the unaltered and enhanced syllables
as indicated by the absence of interaction for
scores representing the two types of syllables
before and after training [F(1,13)=.31, p=.59].

It was of interest to examine whether the
level of perceptibility differed between /t£/, /s/
versus /v/, /z/, especially because of the
disparate spectral characteristies of enhanced
/v/y /2/. However, this seemed to have no effect
on the listeners voicing perception for the fri-
catives, as scores for /f/, /s/ versus /vty 1z/
were similar [F(1,13)=1.4, p=.253.

DISCUSSION

This study revealed that frication filtering
and amplification yielded improved perception of
voieing for syllable-final fricatives by almost
3/4 of the severely/profoundly hearing-impaired
subJects tested. The improvement in perception
occurred for enhanced fricatives that were
amplified to the level of the preceding vowels in
/b%® C/ syllables. When the frications were at
natural levels in the syllables, i.e., -21 dB re
the vowels, the 1listeners' performances were
Somewhat above chance level, but only after
diserimination training for voicing cognate
Syllables. For the fricative-enhanced syllables,
the discrimination training facilitated the
listeners! improved perception of fricative
voleing.

The remaining 1isteners, about 1/4 of the
total group, showed no improvement in voicing
Perception for the fricative-enhanced syllables,
even after training. For these listeners, most
of the enhanced frications were probably
inaudible. A discrimination  test for
Presence/absence of the frications in the test
Syllables revealed that these listeners were
Unable to distinguish most of the test utterances
when presented with versus without enhanced fri-
¢ations. Further evidence of the inaudibility of
the enhanced fricatives 1is apparent from the
Syllable presentation levels used relative to the
lone sensitivity of these listeners. Based on
the listening levels chosen by these subjects (X

= 113 dB SPL), the vowels were presented at

Sensation levels (SL) of 1less than 15 dB. The
SLs of the enhanced frications were probably
lower, due to the listeners' greater hearing loss
in the frequency regions of the frication spectra
compared to the vowel Spectra.

The amount of improvement in final consonant
voicing perception effected by the enhanced fri-
catives in this study is somewhat less than that
seen for amplified stop bursts (Revoile, et al.
1987 ) and enhancement of _the vowel duratiog
cue (Revoile, et al., 1986‘“1). In future sty-
dies, we will investigate the relative effects of
single versus multiple cue enhancements in search
of the maximum improvement for consonant recogni-
tion by hearing-impaired listeners.

CONCLUSIONS

Some severely/profoundly hearing-impaired
listeners performing at chance level for frica-
tive voicing perception may obtain improved per-
formance as a result of frication filtering and
amplification to a level comparable to that of
the preceding vowel. Discrimination training for
syllables with enhanced voiceless versus voiced
fricatives seems important in effecting the
improved perception of fricative voicing.
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