


(DLs) for 1- and 4-kHz tones having standard durations of
300, 500, and 1000 ms at two presentation levels. The results
of this study indicated that the performance of the two listen-
er groups did not differ and that stimulus frequency did not
influence listener performance. The DLs were, however,
smaller at the higher presentation level. DLs as small as
about 2% or 2 ms were obtained by Ruhm and his col-
leagues, in contrast to estimates obtained using speech stim-
uli.

The investigation conducted by Tyler and his co-
workers differed from Ruhm’s study in several ways. Listen-
ers’ hearing losses varied in etiology and ranged in degree
from mild to severe. Also, shorter standard durations were
used, and narrow-band noise was used to define filled and
unfilled intervals. The mean relative DLs reported by Tyler
were much larger than those reported by Ruhm and, con-
trary to Ruhm’s results, Tyler found that duration discrimi-
nation was generally poorer in impaired- than in normaily
hearing listeners.

Disparities among resuits obtained in previous studies
probably reflect the influence of differences in methodology.
Such differences make direct comparisons among studies
difficult, especially comparisons between studies employing
speech and nonspeech stimuli. The present study was de-
signed to enable a more direct comparison between perfor-
mance on speech and nonspeech stimuli. Estimates of dura-
tion DLs were obtained from normally hearing and
hearing-impaired listeners for (a} vowels and tonal complex
stimuli (filled intervals) and (b) closure durations in post-
vocalic stop consonants and gaps in tonal complexes {(un-
filled intervals)." An adaptive psychophysical procedure
was employed, and the speech stimuli were derived from
natural productions of monosyllabic words. The subjects did
not receive extensive training, and the signals were presented
at comfortable listening levels. The methodology chosen for
use in this experiment, in contrast to that employed in some
previous research, provides estimates of listeners’ sensitivity
to changes in stimulus duration in typical listening situa-
tions.

. L. METHOD
A. Subjects

Three normally hearing and seven hearing-impaired in-
dividuals served as listeners in this study. The normally

TABLE I Audiological data for hearing-impaired listeners.

hearing listeners ranged in age from 27-36 years, and varied
considerably in the amount of experience they had in serving
as subjects in auditory experiments. Absolute thresholds

-were less than 20 dB HL. (ANSI 83.6-1969) at 0.5, 1, and 2

kHz, tympanograms were normal, and speech discrimina-
tion scores on list 4A of CID Auditory Test W-22 were
100% in the test ear.

The hearing-impaired listeners ranged in age from 19—
24 years, and each had a severe sensorineural hearing loss
with a flat audiometric configuration in the test ear and
thresholds between 75 and 85 dB HL for 0.5, 1, and 2kHz. In
addition, each hearing-impaired listener had semi-intelligi-
ble or intelligible speech. None of the listeners evidenced
middle ear pathology as determined by case histories and the
results of tympanometry conducted at the time of the initial
listening session, and ali were consistent users of amplifica-
tion in the test ear. With one exception, each listener used
“his/her better ear in this experiment, as determined by pure-
tone thresholds and speech discrimination scores. The ex-
ception, listener 4, displayed a sharply sloping pure-tone
configuration in his left ear, and consequently listened with
his right ear even thotgh the speech discrimination score
was poorer (78% vs 439%). Table I displays information
about each hearing-impaired listener’s hearing loss: age at
onset and etiology, thresholds at 0.5, 1, and 2 kHz, most
comfortable listening level, and speech discrimination scores
on list 4A of CID Auditory Test W-22 and one of the CID
Everyday Sentences lists.

B. Stimuli

Tonal complex and edited natural speech stimuli were
used in this experiment. The tonal complexes consisted of
equal-amplitude, random-phase components at 0.5, 1, and 2
kHz, which were constructed by adding digitally generated
sinusoids together. Twenty tokens of the complex were gen-
erated and stored on computer disk. The tonal complexes
may be considered acoustically similar to vowel spectra in
the sense that they had a periodic waveform with peaks lo-
cated in the regions of the first three formant frequencies.
None of the tonal complex signals, however, was identified
as speech by any of the listeners.

The standard and comparison tonal complex stimuli for
each trial were randomly selected from among the tokens
stored on computer disk. Each had a rise—fall time of 6 ms

Detection thresholds i MCL

Age at onset 0.5kHz

Speech discrimination

1.0kHz 2.0kHz Running speech Word* Sentence®

Listener  (Years) Etiology (dBHL) (dBHL) (dBHL) (dB HL) (%% correct) (% correct)

1 Birth Maternal rubella 80 85 80 100-105 + 16 39
2 Prior to 3 years Unknown 85 80 75 92-105 4 19
3 Birth Maternal rubella 80 85 85 . 93-105 4+ 36 37
4 Birth Rh incompatibility 80 85 75 99-105 + 40 43
5 Birth Maternal rubella 75 75 75 76-88 28 53
3 Birth Heredity 75 85 80 95-100 28 63
7 Prior to 3 years Unknown 73 85 75 82-100 32 68

* Auditory Test W-22.

®CID Everyday Sentences.
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measured between 10% and 90% of peak amplitude on the
waveform, and was shaped by a cosine envelope. In blocks of
trials where the tonal complex was used to generate filled
intervals, standard durations of 25, 30, 75, 100, 125, 200,
300, 400, and 500 ms were used. Duration was measured
between the half-power points on the waveform envelope. In
blocks where the tonal complex served as a marker for un-
filled intervals, standard (silent) durations of 25, 50, 75,
100, 125, and 150 ms were used. The silent intervals were
bounded by tonal complex segments of 150 and 50 ms in
duration to approximate the length of the filled intervals
surrounding the final closure in a CVC syllable in which the
final segment is a released stop. The comparison stimuli for
filled intervals were created by increasing the length of the
standard tonal complex stimulus. The comparison stimuli
for unfilled intervals were created by increasing the duration
of the silent standard while holding the length of the sur-
rounding tonal complex segments fixed at 150 and 50 ms.
The duration of the comparison stimuli was adaptively de-
termined. T

The speech stimuli consisted of selected tokens of each
of the following monosyllabic (CVC) nouns: pick, peak,
soot, suit, cup, and cop. Each word was produced within the
carrier phrase “Say_____again” by an adult female speaker
who was instructed to produce several repetitions of the ut-
terance in a clear and natural conversational manner. The
use of a female speaker permitted smaller step sizes (4-5 ms
for the length of one glottal cycle) and a more precise deter-
mination of thresholds than would have been possible with a
lower pitched male voice. All recording was done in a dou-
ble-walled sound-treated room. The signals were sampled at
a frequency of 10 kHz, low-pass filtered at 5 kHz, and stored
ot computer disk. The CVC words were subsequently ex-
cised from the carrier phrase with the aid of a waveform
editor. The quality of the recordings was high, having a sig-
nal-to-noise ratio of at least 50 dB as measured with a sound-
pressure level meter.

The standard and comparison speech stimuli were se-
lected from tokens that contained a.clearly released final
stop consonant. Five tokens of each word that had similar
vowel, closure, and word durations were chosen to be the
standard speech stimuli. Segment ‘boundaries were deter-
mined by visual inspection of enlarged oscillographic dis-
plays. Vowel durations were measured to the nearest milli-
second between the midpoints of the first and last
discernable glottal cycles. Word duration was measured be-
tween the onset and termination of consonants, defined as
the first and last discernable peaks.

Duration differences among the five tokens for each
word were minimized with a waveform editing procedure.
This procedure involved: (1) increasing vowe] durations by
replication of at least one glottal cycle; (2) adjusting the
duration of finai closures by the addition or deletion of 0-9
ms of silence; and (3) adjusting word length by eliminating
0-40 ms from initial and final consonants, primarily by de-
leting low-amplitude aperiodic portions of initial consonants
(e.g., portions of frication noise in initial /s/) and, to a lesser
degree, by deleting portions of the release burst of final stop
consonants. The resulting mean word, vowel, and closure
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durations for each standard speech stimulus were:
peak =281, 104, and 101 ms; pick == 239, 75, and 103 ms;
suit =475, 110, and 95 ms; soot = 434, 80, and 102 ms;
cop == 363, 170, and 102 ms; and cup = 272, 88, and 108 ms.
These values are similar to those reported in the literature
(Crystal and House, 1982; Hillenbrand ef /., 1984; Luce
and Charies-Luce, 1985). The comparison speech stimuli
were constructed by replicating glottal cycles in the latter
half (steady-state portion) of vowels for filled intervals and
by inserting segments of silence in the closure portion of final
stop consonants for unfilled intervals. The duration of the
added phonation or silence was adaptively determined. No
audible clicks or other distortions were present in the result-
ing signals.

In order to observe the influence of the CVC environ-
ment on the discrimination of changes in vowel length, vow-
els were excised from their CVC contexts and presented in
isolation to listeners. The vowel tokens presented to listeners
in isolation were identical to those presented in context, with
the comparison stimuli again constructed by replicating
glottal cycles in the latter half of the vowel.

Signals were presented to normally hearing listeners at .
60 dB SPL, alevel within the range of normal conversational
speech. For hearing-impaired listeners, presentation levels
were determined by measuring a range of comfortable listen-
ing levels and estimating the upper limit of this range. Stimu-
lus presentation levels were set to within 5-10 dB of this
upper limit, resulting in levels of 110 dB SPL for all but one
hearing-impaired listener (listener 7). This listener experi-
enced discomfort with levels in excess of 100 dB SPL. The
sensation levels for the hearing-impaired listeners ranged -
from approximately 15-40 dB SL, while those for normally
hearing listeners were about 4050 dB SL. Signal levels were
calibrated daily.

Different presentation levels were used for normally and
impaired-hearing listeners since equivalent levels could not
be found in terms of either sensation level (SL) or sound-
pressure level (SPL). This disparity was not considered seri-
ous since the purpose of the study was to assess listeners’
discrimination performance at levels approximating those
they normally encounter in listening to speech. Such levels,
although differing between groups, may nevertheless be ex-
pected to result in nearly optimal performance for all listen-
ers (see De Filippo and Snell, 1986).

C. Procedure

Difference thresholds were determined by a computer-
controlled three-interval forced-choice (3IFC) adaptive
paradigm. The duration of the comparison stimulus was var-
ied according to a one-up, two-down rule (Levitt, 1971).
Every trial of the 3IFC task contained a 0.5-s warning inter-
val, three 0.75-s observation intervals, a response interval,
and a 0.5-s feedback interval. Each interval was marked by
the illumination of a light on a vote box. Stimulus onset was
50 ms after illumination of the observation light. On every
trial, two of the observation intervals, randomly selected,
contained stimuli of standard duration. The third contained
a stimulus of variable duration, the selection of which consti-
tuted a correct response. Feedback was given by the illumi-
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nation of the light corresponding to the correct observation
interval.

Starting durations for comparison stimuli were 50-100
ms greater than the standard duration. Initial step sizes of 8-
10 ms were reduced to 2% of the standard duration (or a
minimum of 1 ms) after three reversals. Runs ranged from
about 50-100 trials and were terminated after 15 reversals.
Thresholds were estimated by averaging durations on the
last ten reversals in each run. Difference limens obtained
with this procedure are equivalent to a listener selecting the
correct response 71% of the time.

Every listener completed four blocks of trials, two for
filled and two for unfilled intervals. Each block required two
listening sessions. Speech stimuli were presented at the first
listening session in one-half of the blocks, and tonal complex
stimuli were presented at the first listening session in the
other half. Each listening session lasted for about 1 h, mak-
' ing the total listening time for each subject approximately
10-12 h. The order of conditions was randomized at each
session. When the first two relative threshold estimates for
any condition varied by more than 109, a third estimate was
obtained. Each data point, therefore, represents an average
of two or three runs. Listeners practiced for 1 to 2 h before
data collection was begun.

H. RESULTS
A. Absolute DLs

Table 11 displays absolute DLs for the vowels /1, U, a, i,
u, a/ embedded in CVC monosyliabic words and for the
same vowels excised from their CVC contexts. The stimuli
arearranged in order of increasing vowel duration. Absolute
DLs for the tonal complex stimuli are displayed in Table III.

Listeners’ performance in discriminating differences in
the closure duration of stop consonants is presented in Table
IV, and Table V shows duration DLs for silent intervals
bounded by tonal complex stimuli.

B. Relative DLs

Figure ! illustrates the mean relative DLs obtained from
normally hearing and hearing-impaired listeners for both
filled and unfilled intervals in speech and tonal complex

stimuli. Each mean relative DL is bracketed by + 1 stan-
dard error of the mean.

The upper panel of Fig. 1 contains the data for filled
intervals. The data for filled speech intervals represent the
average of listeners’ performance on vowels in CVC contexts
and in isolation (i.e., listeners’ performance averaged across
both environments). For normally hearing listeners, mean
relative DLs ranged from 0.10-0.21 for the tonal complex
stimuli and from 0.12-0.15 for the speech stimuli. In con-
trast, mean relative DLs for hearing-impaired listeners
ranged from 0.14-0.67 for the tonal complex stimuli and
from 0.16-0.33 for the speech stimuli.

The lower panel of Fig. 1 displays the mean relative DLs
for unfilled intervals. The mean relative DLs for normally
hearing listeners ranged from 0.23-0.92 for tonal complex
stimuli and from 0.20-1.23 for speech stimuli, whereas the
mean relative DLs for hearing-impaired listeners ranged
from 0.29-1.07 for tonal complex stimuli and from 0.35—
1.26 for speech stimuli,

The Kruskal-Wallis one-way analysis of variance was
used to test for differences between listener groups and stim-
ulus types. This nonparametric test was selected because the
number of listeners in each group was small and because
neither the number ror the durations of the standard speech
stimuli were equal to those of the standard tonal complex
stimuli in the filled listening conditions. The durations of the
standard speech stimuli were representative of the durations
of naturally produced vowels, while the durations of the
standard tonal complex stimuli were chosen to span the
range of durations studied in previeus psychoacoustic inves-
tigations.

Mean relative DLs obtained with filled speech were
compared to those obtained with-illed tonal complex stimuli
over the range from 50-200 ms for all listeners, and it was
found that the difference between filled speech and tonal
complex stimuli was not significant [y ( 1,V = 20) = 0.005,
p>0.870]. Within each listener group, the difference be-
tween mean relative DLs obtained with filled speech and
tonal complex stimuli was not significant either, as deter-
mined by the Kruskal-Wallis statistic.

Similar comparisons were made with the unfilled stimu-
li. Again, no significant differences were present between

TABLE II. Difference limens {DLs) in ms for duration using filled speech intervals. Just detectable durational increments for vowels embedded i inCvVC

words and in isolation for impaired- and normally hearing listeners.

Standard duration of vowel segment (ms)

75 80 88 104 110 170
pick /1/ soot SU/ cup /a/ peak /i/ suit /u/ cop /a/

Hearing impaired

Mean 15.1 19.0 19.9 17t 16.8 15.8 30.5 24.7 1.9 40.5 30.1 23.4

s.d. 3.6 114 8.3 5.7 32 7.0 9.1 8.5 7.3 14.1 6.2 7.1
Normally hearing

Mean 10.9 11.5 12.0 12.5 12.5 10.7 14.7 15.9 13.3 209 23.7 18.2

s.d. 4.7 3.2 2.8 2.9 2.6 1.4 32 6 0.6 1.0 7.8 5.2
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TABLE IIL Difference limens (DLs) in ms for duration using filled tonal complex intervals. Just detectable durational increments in tonal complexes for

impaired- and normally hearing listeners.

Standard duration {ms)

25 50 75 100

125 200 300 400 500

Hearing impaired

Mean 16.7 17.0 23.7 249
s.d. 13.3 6.4 9.5 1.8

27.2 29.2 41.6 587 69.3
1.2 8.6 17.8 205 18.5

Normally hearing

Mean 51 10.7 10.3 14.4
s.d. 1.0 2.2 Q.5 0.2

13.6 26.9 39.1 55.8 3.0
1.1 2.0 5.3 9.6 10.7

mean relative DLs obtained with unfilled speech and tonal
complex stimuli for all listeners [y*(1,N =20) = 1.21,
£>0.272] or within each listener group.

The Kruskal-Wallis statistic was also used to test for
differences between listener groups. A significant difference
between the normally hearing and hearing-impaired groups
was found for DLs obtained with filled intervals
[¥*(LN =20) = 6.11, p <0.014]. However, the difference
between groups for mean relative DLs obtained with unfilled
intervals was mnot significant [}?(1,¥ = 20) = 3.62,
p>0.057].

Finally, the Kruskal-Wallis test was used to compare
performance on filled and unfilled intervals over the range
from 50-170 ms within each listener group. The results of
this analysis indicated that the difference between filled and
unfilled intervals was significant both for the normaily hear-
ing listeners [3*(1, N = 12) = 8.40, p <0.004] and for the
hearing-impaired  listeners [¥*(1,N =28) = 14.06,
2<0.001]. '

lll, DISCUSSION

The results of thisinvestigation indicate that, as a group,
listeners with severe sensorineural hearing loss show re-
duced resolution for discriminating differences in the dura-
tion of filled intervals (for discussions of other aspects of

TABLE IV. Difference limens (DLs) in ms for duration using unfilled
speech intervals. Just detectable durational increments for silent closures in
word-final stop consonants for impaired- and normally hearing listeners.

Standard duration (ms)
25 5¢ 75 100 125 150

Hearing impaired

Mean 31.4 36.2 41.2 41.2 50.0 52.0
s.d. 8.4 12.4 14.8 16.0 19.2 12.0

Normally hearing

Mean 30.7 259 28.1 31.7 294 299
s.d. 6.0 23.8 25 8.9 9.1 6.9
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temporal resolution in hearing-impaired listeners, see Irwin
et al,, 1981; Nelson and Freyman, 1987). The difference in
performance between impaired- and normally hearing lis-
teners for filled intervals appears greatest over the range
from 25-125 ms. Despite the fact that a significant difference
between listener groups occurs only for filled intervals, some
hearing-impaired listeners show greatly reduced temporal
resolution for unfilled intervals as well.- Within listener
groups, performance on unfilled intervals is substantially
poorer than on their filled counterparts, whereas perfor-
mance on speech and tonal complex stimuli is very similar.
These findings are discussed and related to previous research
below. Throughout the discussion, however, the reader
should keep in mind that listeners used in this investigation
did not receive extensive training and that disparities be-
tween the results of this and other studies (e.g., Ruhmeral,
1966) are attributable, at least in part, to methodological
differences of this sort.

As depicted in Fig. 1, the results of this study indicate
that untrained normally hearing listeners can detect dura-
tion changes in filled intervals of about 109%—15% over the
range from 75-170 ms (i.e., the range of speech stimuli),
whereas an increment of about 209%-35% is needed to de-
tect changes in the duration of unfilied intervals over a com-
parable range (i.e., the range from 75-150 ms). In contrast,
unirained hearing-impaired listeners require changes of
about 15%-30% to discriminate differences in the iength of
filled intervals and increments of about 35%-55% for un-
filled intervals. These findings hold for both speech and to-
nal complex stimuli over the specified ranges. For filled in-
tervals comprised of speech stimuli ranging from 75-170 ms
inlength and tonal complex stimuli ranging from 25-300 ms
in length, the absolute DLs obtained from normally-hearing
listeners in this investigation were within the broad range of
1040 ms estimated by Lehiste (1970) for reference dura-
tions ranging from 30 ms to about 300 ms. In contrast to the
results of the present study, Lehiste’s estimate was based
entirely on data from psychoacoustic experiments employ-
ing stimuli other than speech. It should be kept in mind,
however, that variables such as a segment’s location within a
sentence, speech rhythm, and other aspects of acoustic con-
text, none of which was studied in this investigation, may
influence (either inhibit or facilitate) listeners’ ability to de-
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TABLE V. Difference limens (DLs) in ms for duration using unfilled intervals in tonal complex stimuli. Just detectable durational increments for gaps in
tonal complexes for impaired- and normally hearing listeners.

Standard duration (ms)

23 50 75 100 125 150
Hearing impaired
Mean 26.7 3z2.2 329 43.9 48.6 43.8
s.d. 9.4 12.5 13.4 16.0 19.1 8.4
Normally hearing
Mean 231 222 21.6 22.4 331 34.8
s.d. 7.1 5.9 13.7 8.1 11.6 16.2
| j | | i P
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FIG. 1. Mean relative difference limens
{DLs) obtained from normally hearing
{closed symbol) and hearing-impaired
150 (open symbol} listeners for duration of both
1.30 : filled and unfilled intervals in speech (cir-
cles) and tonal complex {triangles) stimuli.
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tect duration changes in sentence-length utterances (Hug-
gins, 1972; Idson and Massaro, 1980; Klatt and Cooper,
1975).

The duration DLs for speech stimuli obtained in this
study cannot be directly compared to those reported by Hug-
gins (1972), Klatt and Cooper (1975), and Fujisaki et al.
(1975), owing to differences in experimental methodology
such as the use of different psychophysical procedures and
stimuli with different characteristics. As noted previously,
the smallest estimate of jnd in Huggins’ study was about
15%, and it represented listeners’ judgment of when a seg-
ment did not sound normal (i.e., when it began to sound long
or short) according to “an internal ‘standard’ of how it
should sound” (Huggins, 1972, p. 1272). This contrasts
with the usual procedure for obtaining jnd’s in which listen-
ers judge the relative duration of standard and comparison
stimuli. Hoggins’ procedure may have resulted in spuriously
high jnd values because lisieners might have been able to
detect differences in duration that fell within a range they
nevertheless deemed “normal.” Similarly, the magnitude es-
timation task employed by Klatt and Cooper (1975) may
have inflated estimates of jnd values because a subjective
criterion, listener preference for the most natural sounding
duration, was employed. Klatt and Cooper estimated the jnd
for segment duration to be at least 25 ms in length. In con-
trast to the present investigation, both of these studies em-
ployed sentence-level stimuli, and the authors have suggest-
ed that stimulus characteristics and utterance context could
have influenced listeners’ performance. Data reported by
Fujisaki et al. (1975), on the other hand, suggest that the DL
for segment duration is about 10%. This finding agrees more
closely with the results of the present investigation. How-
ever, Fujisaki’s stimuli were comprised of synthesifed, as
opposed to (edited} natural speech, and the listeners’ task
was to discriminate segment durations that are phonemic in
Japanese. In addition, the results were not reported in terms
of a conventional metric, nor were listening levels or the
amount of listener practice reported.

Data for normally hearing listeners reported in this
study are generally in agreement with those reported in the
psychoacoustic literature for both filled and unfilled inter-
vals using a variety of stimuli (e.g., Abel, 1972a,b; Tyler et
al., 1982; Small and Campbell, 1962; Stott, 1935). As pre-
viously reported, relative DLs for both filled and unfilled

intervals decreased as standard durations increased. The du-

ration DLs for hearing-impaired listeners, although differ-
ing somewhat from thdse reported by Ruhm et al. (1966),
are in good agreement with those reported by Tyler et al.
(1982). Consistent with Tyler’s findings, hearing-impaired
listeners tended to exhibit larger DLs over the range from
25-100 ms for both filled and unfilled intervals than normal-
ly hearing listeners. As reported by Ruhm ef a/., no substan-
tive differences were observed between listener groups over
the range from 300-500 ms. The smaller absolute DLs in this
range reported by Ruhm and his associates may reflect the
effects of extensive practice on listeners’ performance. Pre-
vious studies have not estimated duration DLs for hearing-
impaired listeners over the range from 125-200 ms.
The performance of some hearing-impaired listeners
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was as good as that of listeners with normal hearing. If, on
the physiological level, the ability to discriminate changes in
stimulus duration is associated with the synchronous re-
sponses of peripheral nerve fibers to stimulus onsets and off-
sets (Miller ez al., 1987), then the better performance of this
subset of hearing-impaired listeners may be atiributed to
normal phase locking by undamaged cochlear fibers. How-
ever, the exact nature of this hypothesized association is not
clear since performance on filled intervals is much better
than on unfilled intervals, suggesting that the auditory sys-
tem does not process filled and unfilled intervals in precisely
the same way (Tyler ef al., 1982). Furthermore, the similar-
ity between listeners’ performance with speech and tonal
complex stimuli suggests that the auditory mechanism gov-
erning the ability to discriminate changes in the duration of
speech segments is similar, if not identical to that governing
the ability to detect changes in the duration of tonal complex
stimuli. With regard to duration discrimination, then,
speech does not appear to have a *‘special” status {see Sum-
merfield, 1982).

Although DLs for some hearing-impaired listeners are
within or near the normal range, DLs for others lie well
outside of this range, and would be large enough to result in.
perceptual confusions between syllables comprised of long
(tense) vowels followed by voiceless consonants and sylla-
bles comprised of short {lax} vowels followed by voiced con-
sonants {e.g., confusions between word pairs such as pig—
peak, cub—cop, and should-shoot). Data indicate that some
hearing-impaired individuals rely on vowel length to deter-
mine the voicing of final stop and fricative consonants and,
as a result, make voicing confusions based primarily on
changes in vowel length (Revoile et al., 1982; Revoile et al., -
1985). In addition, hearing-impaired individuals have a ten-
dency to lengthen the duration of phonetic segments and .
develop aberrant timing patterns in their speech (e.g., Metz,
1980; Whitehead, 1986; Whitehead and Jones, 1976, 1978).
They also seem to use large differences in segment length asa
means of encoding certain phonemic contrasts in speech pro-
duction (Monsen, 1974). Such tendencies may stem, at least
in part, from their duration discrimination abilities, which
can, for some deaf individuals, differ considerably from
those of normally hearing persons at reference durations less
than about 200 ms.

IV. SUMMARY

In order to be detected by untrained listeners at com-
fortable listening levels, minimal changes in the duration of
speech sounds (filled intervals ranging from 75-170 ms) of
about 109—15% appear to be necessary for normally hear-
ing listeners, while minimal changes of about 15%-30% ap-
pear to be necessary for hearing-impaired listeners. At filled
durations greater than 200 ms, however, the performance of
the listener groups appears comparable, and the relative DL
is about 10%-15%. Detectable changes in the duration of
unfilled intervals are generally about twice as large as those
for filled intervals of comparable length within each listener
group. Finally, performance on stimuli derived from natural
speech is similar to performance on tonal complex stimuli in
each listener group.
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'Consonant and vowel segmerts have been specified acoustically in terms of
properties of the speech waveform. The terms “‘consonant” and “vowel,”
therefore, are used in this article to refer to the acoustic level of representa-
tion, which underlies the phonetic level of linguistic analysis.
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