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Abstract

Background: Theabrupt transition of a signal fromoff toonand vice versa typically produces spectral splatter
that canmask other signals that are spectrally removed from the nominal signal frequency. Both theMiller and

Licklider (1950) andCherry (1953) studies of interrupted speech andalternated speech, respectively, acknowl-
edged the generation of extraneous noise by the rapid on and off characteristics of their unshaped signals but

noted for slower interruption rates (e.g., 10 interruptions per second); the masking effects were minimal.
Recent studies of interrupted speech have avoided this issue by shaping the rise-fall times with a digital algo-

rithm (e.g., Jin and Nelson, 2010;Wang and Humes, 2010). A second variable in the interrupted speech para-
digm is the temporal location or placement of the interruptions (i.e., where in the waveform the interruptions

occur). Here the issue is this: what parts of an utterance are necessary to enable intelligibility (e.g., Fogerty and
Kewley-Port, 2009)? Interruptions may or may not disturb these necessary cues.

Purpose: Here is the prompting question: do shaped and unshaped rise-fall characteristics of the on-
segments of interrupted speech produce the same or different recognition performances? A second question

arises: are recognition performances on complementary halves of an interrupted signal the sameor different?

ResearchDesign: This study used amixed-model designwith twowithin-subject variables (unshaped and

shaped rise-fall characteristic, complementary halves) and one between-subjects variable (listener group).

Study Sample: A total of 12 young listeners (age range: 19–29 yr) with normal hearing and 12 older

listeners (age range: 53–80 yr) with hearing loss for pure tones participated.

Data Collection and Analysis: A total of 95 consonant-vowel nucleus-consonant words were interrupted

(10 interruptions per second; 50% duty cycle) by parsing alternate 50 msec segments to separate files,
which provided complementary temporal halves of the target word referenced to word onset; the first

on-segment of the 0 msec condition started at word onset, whereas the first on-segment of the 50 msec
condition started 50 msec after word onset. The interruption routine either applied no shaping of the

4 msec rise-fall times or a cos2 shape. Each listener received 25 practice words then a unique random-
ization of 280 interrupted words (70 words, 2 rise-fall shapes, and 2 interrupt onset conditions).

Results: The listeners with normal hearing performed 8–16% better on the various comparable condi-
tions than did the older listeners with hearing loss. The mean performance differences between shaped

and unshaped rise-fall characteristics ranged from ,1–3% and were not significant. Performance was
significantly 10–17% better on the 0 msec condition than on the 50 msec condition. There was no sig-

nificant interaction between the two main variables, rise-fall shape, and onset time of the interruptions.

Conclusions: The rise-fall shape of the onset and offset of the on-segment of the interruption cycle does

not affect recognition performance of words. The location of the interruptions in a word can have a sig-
nificant effect on recognition performance.
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Abbreviations: ANOVA 5 analysis of variance; ANSI 5 American National Standards Institute; cos 5

cosine; HFPTA 5 high-frequency pure-tone average (1000, 2000, and 4000 Hz); ips5 interruptions per
second; NU-65Northwestern University Auditory Test No. 6; PTA5 pure-tone average (500, 1000, and

2000 Hz)

INTRODUCTION

I
nterrupted speech can be characterized as a signal

with alternating on-segments and off-segments.

The acoustic artifact or extraneous noise caused

by periodically switching a signal on and off can distort

the signal by altering the characteristics of the wave-
form. For themost part, the extraneous noise associated

with the rapid onsets and offsets of a signal (i.e., rise-fall

times) has received considerable attention in the tone

and masking literature (see Bacon and Viemeister,

1985, for a review). Less conspicuous are the potential

effects on speech intelligibility caused by periodic, rapid

onsets and offsets of the speech signal, in particular,

speech interrupted by silence intervals. With a speech
signal that is interrupted periodically, the long-term

spectral characteristics are related to the periodicity

of the interruptions. In their classic study, Miller and

Licklider (1950) commented that the sidebands gener-

ated by the square-wave modulation of a speech signal

produced “a noisy masking signal to interfere with

intelligibility” (page 169). They suggested that the side-

band noise was mainly a problem for interruptions
between 200 and 2,000 interruptions per second (ips)

and not a “serious consideration” when the interruptions

were less than 100 ips. Miller and Licklider further indi-

cated that when the interruptions were above 3,000 ips,

the noise did “not seriously overlap the range of speech

frequencies.” Cherry (1953), in his innovated study of

connected speech alternating between ears, also ad-

dressed the issue of the transient noise introduced by
the abrupt switching of the signals between on and off

and vice versa. Cherry noted that at slow interruption

rates (6–7 ips), the noise level was extremely low and

thus had little influence on recognition.

With each on-segment of the interruption cycle, the

rapid transitions between off and on (onset) and

between on and off (offset) can produce momentary or

localized spectral splatter whose spectral characteris-
tics are unique for each onset and each offset. Because

the speech waveform is basically an organized random

noise, each onset and each offset are seldom, if ever,

duplicated. In an effort to mitigate the potential effects

of onset and offset transient noise on the intelligibility

of interrupted speech, rather than using unshaped rise-

fall times, many studies have used techniques that

shaped the rise-fall times of the signal, thereby mini-
mizing the generation of transient noise. For example,

the earlier studies typically shaped their onsets and

offsets by an electronic switch using instantaneous

rise-fall times (Dirks and Bower, 1970) and 1 msec

rise-fall times (Powers and Speaks, 1973; Powers and

Wilcox, 1977). More recently, digital signal processing

has spurred the use of algorithms to shape the rise-fall

characteristics of signals. Nelson et al (2003) and Jin

and Nelson (2006) used 2-msec cosine-squared (cos2)

ramps on their interrupted noises. Studies of speech

interruptedwith silent intervals have used 4-msec raised-
cos functions to shape the onset and offset of consonant-

vowel nucleus-consonant words (Wang and Humes,

2010; Kidd and Humes, 2012) and 4-msec cos2 ramps

to shape the onset and offset of IEEE (Institute of Elec-

trical and Electronics Engineers) sentences (Jin and

Nelson, 2010).

With the issue of potential spectral splatter aside,

shaping the onset and offset of signal segments changes
the waveform, which is another form of signal distortion.

For example, a signal that is interrupted periodically

10 ips with a 50% duty cycle (i.e., the signal is on half

the interruption cycle and off the other half of the cycle)

produces 50 msec on-segments alternating with 50 msec

off-segments. A 4-msec cos2-shaping algorithm applied

to the onset and offset of the on-segments alters 16%

of the 50 msec waveform on-segment, leaving only 42
msec of the on-segment intact. A series of experiments

was planned in our laboratory that involved speech

interrupted by silent segments and speech interrupted

by noise segments. Some of the proposed paradigms

involved adding interrupted signals such that the on-

segment of one signal would be added to the off-segment

of the second signal. Shaping the rise-fall times of one or

both of these signals would distort the conjugation of the
two segment boundaries, producing uncertain conse-

quences on the results. Not shaping the onset and offset

of the waveform on-segments would obviate this issue.

Several variables have been shown to influence the

intelligibility of interrupted speech, including the percent

of time that the speech signal is on and the interruption

rate. In perhaps the earliest study, Miller (1947, Figure

10, page 120) demonstrated the direct relationship be-
tween recognition performance and the percent of

time that the speech was on. Subsequently, Miller and

Licklider (1950, Figure 4, page 169) reported that inter-

ruption rates between 10 ips and 100 ips produced

maximal word intelligibility. The signal on-time and

interruption rate variables produce consistent results

across a multitude of studies involving a variety of lis-

tener groups (seeWilson et al, 2010 andKidd andHumes,
2012 for recent reviews). The one variable in the inter-

rupted speech paradigm that has received little, if any,

attention is the temporal location or placement of the

interruptions, which became the second issue of interest
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in the current study. The question posed was, how does

intelligibility vary as a function of where the interrup-

tions occur in the temporal domain of the speech signal?

There are basically two ways that the interruption pat-
terns have been applied to speech signals in the temporal

domain: random and fixed (or frozen) [note: as used here,

the random and fixed terminology is different from the

random (irregular or aperiodic) andfixed (regular or peri-

odic) terms used to characterize the interruption pat-

terns]. When the random interruption patterns were

applied to the speech signal, which were used almost

exclusively in the early experiments, typically a recorded
speech signal was fed from a tape recorder through an

electronic switch to an amplifier-attenuator device and

finally to an earphone. In this arrangement, each time

a word was presented, the temporal locations in the word

where the interruptions occurred were different, possibly

producing a different result (e.g., Wilson and Carhart,

1969; Dirks and Bower, 1970). Over multiple presenta-

tions, however, this is a random effect. With the fixed
interruption patterns, the interruption scheme is applied

once to the speech signal, time-locking the interruptions

and signal (e.g., Huggins, 1964; Jin and Nelson, 2010).

The fixed interruption paradigm certainly produces a

more consistent result for each stimulus item, but prob-

ably is biased in that only one sample of each interrupted

stimulus is used. Before proceeding with more complex

interrupted speech studies, it was necessary to determine
to what extent the location or placement of the interrup-

tions in the speech signal influenceword-recognition per-

formance.

The purpose of this study was to examine the effects

that two components of the interrupted speech paradigm

have on speech intelligibility. The first purpose was to

determine whether the rise-fall shapes associated with

interrupted speech influence word-recognition perfor-
mance. The question was, do unshaped (i.e., unaltered)

onset and offset characteristics and shaped onset and

offset characteristics (4-msec cos2) in the interrupted

speech paradigm produce the same or different rec-

ognition performances? This question was studied by

interrupting a group of words identically with only

the rise-fall shape of the on-segments varied between

unshaped and shaped. The hypothesis was that there
would be little, if any, difference in recognition perfor-

mances on interruptedwords with unshaped and shaped,

short rise-fall times. Lacking comparative data, this

hypothesis was driven mainly by the earlier reports

of Miller and Licklider (1950) and Cherry (1953).

The second purpose was to determine whether differ-

ent temporal placements of the interruption pattern

influence recognition performance. This interest is
rooted in the lack of understanding regardingwhat cues

in a given utterance are necessary for intelligibility

(e.g., Fogerty and Kewley-Port, 2009). For a givenword,

the interruptions imposed on the utterance may or

may not obscure part or all of the cues necessary for

intelligibility to occur. The question was, when the

interruption patterns occur at different temporal

locations during the word signal, does intelligibility
change? This question was studied by interrupting each

word such that sequentially alternate 50 msec seg-

ments of the waveformwere assigned to each of two ver-

sions of the word, which contained completely different

temporal waveform information or glimpses (Howard-

Jones and Rosen, 1993). These two onset conditions

were (1) the 0 msec condition in which the first 50 msec

on-segment coincided with the onset of the word, and
(2) the 50 msec condition in which the first 50 msec

on-segment started 50 msec after the onset of the word

(the first 50 msec off-segment started at the word

onset). In this manner, the two conditions were tempo-

ral complementary halves of the unaltered signal. This

interruption design was used previously by Huggins

(1964, Figure 4, page 1,061), who observed that intelli-

gibility was approximately equal on the complementary
halves of continuous speech passages interrupted

0.2–16 times per sec. The continuous passages used

by Huggins likely involved substantial top-down pro-

cessing (semantic and syntactic context) as opposed

to the bottom-up weighted processing involved with iso-

lated words that are the interest of this study. The

hypothesis for this aspect of the current study was that

overall recognition performance would be better on the
0 msec condition than on the 50 msec condition. This

hypothesis was prompted primarily by two facts. First,

the 0 msec condition always contained the first, often-

times critical, 50 msec segment of the target word. As

the gated speech literature has shown, there are a

number of words whose intelligibility is dependent

on the initial consonant (see Grosjean, 1980; Tyler,

1984; Marslen-Wilson and Zwitserlood, 1989;Wingfield
et al, 1991; Reinisch et al, 2010). In many of the mono-

syllabic words included in this study, the duration of the

initial consonant was so short that it was totally or, for

the most part, absent from the first segment of the 50

msec condition. Second, by definition the 0 msec condi-

tion was almost always the longer sample of the word.

At the individual word level, however, it was hypothe-

sized that there would be aminority number of words in
the 50 msec condition for which recognition perform-

ance was better than in the 0 msec condition.

METHODS

Materials

The 70 monosyllabic words from the Northwestern
University Auditory Test No. 6 (NU-6; Tillman and

Carhart, 1966) that are used in theWords-in-Noise Test

(Wilson, 2003; Department of Veterans Affairs, 2006)

served as stimuli using the carrier phrase, “Say the
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word _____.” Each utterance of the carrier phrase and

accompanying word was stored in a unique pulse code

modulation file (16-bit; 44,100 samples per sec). The

interruption algorithm involved 10 interruptions per
second (ips), a 50% duty cycle (50 msec on and 50 msec

off), and essentially an infinite modulation depth (.90

dB). Because the words were intended for use in subse-

quent studies involving the temporal location of the

interruptions, the temporal reference point for each

word became the onset of the word, which was deter-

mined visually with a waveform editor (CoolEdit Pro)

displaying the sample numbers on the x-axis. The accu-
racy of the word onset was probably 610 samples (,1

msec). A simple calculation then was used to determine

the length of a silent leader that needed to be added

at the beginning of the file in order that the on-segment

of the interruption cycle included the initial 50 msec of

the target word (0 msec condition). An in-house routine

was developed to interrupt the materials. Variables in

the routine included the interruption rate, the duty
cycle, and the rise-fall times of the on-segment of the

interruption cycle. Using these variables, the program

simply took a one-channel signal and parsed alternate

segments of the signal file to the two channels of an out-

put file (an example is illustrated in Figure 1). This

process mimicked the procedures used by Huggins

(1964) in his study of interrupted continuous speech.

At this stage, speech signals resembled the alternating
speech task originally described by Cherry (1953). Then

these two channels were put on Channel 1 of separate

files with a noninterrupted version of the carrier phrase

and target word added to Channel 2 of each file for use

in monitoring and scoring the presentation. The two

versions of each word were complementary halves, each

of which constituted a different listening condition in

the current experiment. Again, in the 0 msec condition,
the on-segment included the first 50 msec of the target

word and alternate 50 msec segments thereafter,

whereas in the 50 msec condition, the on-segment

included the second 50 msec of the target word and

alternate 50 msec segments thereafter.

The complementary halves were created with both

unshaped and shaped (4-msec cos2) rise-fall characteris-

tics, creating four versions of each word. The changes to
the waveform produced by the shaping algorithm are

illustrated in Figure 2 for two randomly selected on-

segments. Each panel contains the first (onset) and last

(offset) 200 samples (z4.5 msec) of the two on-segments.

In the figure, the thin lines represent the unshaped sig-

nal (i.e., the unaltered signal) and the thick lines depict

the same samples of the shaped signal. With the

unshaped onsets and offsets of the on-segments, the only
commonalities are that the ramps are gradual and some-

whatmodulated over the 4msec interval and that no two

ramps are the same (i.e., they all have different charac-

teristics). With the cos2 shaping, the on-segment starts

and stops at a zero crossing thereby avoiding any abrupt

changes at the boundaries of the on-segment. As is char-

acteristic of the cos2 function, the potential for the largest
changes in the waveform occurs closest to the signal

onset and closest to the signal offset. In some instances,

as can be seenwith the onset sample in the top panel, the

Figure 1. Schematic illustration of the interrupted speech para-
digm with the intact or uninterrupted word on the top trace and
the 0 msec and 50 msec onset conditions shown in the bottom two
traces.

Figure 2. First 4.5 msec of two 50msec on-segments and the last
4.5 msec of the same two on-segments for both unshaped (thin
lines) and cos2-shaped (thick lines) rise-fall characteristics for
two randomly selected on-segments.
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shaping has an imperceptible influence on the signal,

whereas in other instances, shaping produced substan-

tial changes in the waveform exemplified by the offset

of the same on-segment. Thus, the 70 words by 2 comple-
mentary halves by 2 rise-fall shapes produced 280 test

words with 25 additional NU-6 interrupted words used

as practice. For each participant, a different randomiza-

tion of the 280 words was compiled using a 4 sec inter-

stimulus interval and was recorded on compact disc as

6 lists of 25 words and 5 lists of 26 words, along with

the list of 25 practice words.

Participants

The following two groups of listeners were recruited: (1)

12 young adults (mean age 5 22.9 yr, SD 5 3.6 yr) with

normal pure-tone thresholds (#20 dB HL, American

National Standards Institute [ANSI], 2004) at the 250–

8,000 octave frequencies in the test ear, and (2) 12 older

adults with sensorineural hearing loss (mean age 5 65.8

yr, SD57.8 yr)whomet the inclusion criteria of thresholds
in the test ear at 500 Hz of less than or equal to 30 dB HL,

at 1000 Hz of less than or equal to 40 dB HL, and a three-

frequency, pure-tone average (PTA; 500, 1000, and 2000

Hz) between 25 and 40 dBHLwithmore than 40% correct

word-recognition in quiet at a high presentation level. For

the young adults, the mean PTAwas 4.2 dBHL (SD5 3.7

dB) and the high-frequency PTA (HFPTA; 1000, 2000, and

4000 Hz) was 4.0 dB HL (SD 5 4.5 dB). For the older
adults, the mean audiogram for whom is shown in Figure

3, the mean PTA was 30.4 dB HL (SD 5 4.6 dB), the

HFPTAwas 42.1 dBHL (SD5 6.7 dB), and themeanword

recognition on the test ear for the uninterrupted NU-6

words was 93.8% (SD 5 5.5%). The left ears of half of

the participants in each group and the right ears of the

other half of the participants served as the test ear.

Procedures

During the 1 hr session, the participants gave consent

information, had their pure-tone thresholds established,

were instructed on the task, and were tested with the

experimental protocol. After the sixth word list, a brief
break was provided. The materials were reproduced

on a compact disc player (Sony, Model CDP-CE375),

fed through an audiometer (Grason-Stadler, Model 61)

to a TDH-50P earphone encased in aMX-AR/41 cushion.

The nontest ear was covered with a dummy earphone.

The speech signals were presented at 70 dB SPL to

the listeners with normal hearing and at 80 dB SPL

to the listeners with hearing loss. All testing was con-
ducted in a double-wall booth with the verbal responses

of the participants recorded into a spreadsheet. The par-

ticipants were reimbursed for transportation costs.

RESULTS AND DISCUSSION

Themean word-recognition performances (and SDs)

for the four experimental conditions from each of
the two groups of listeners are listed in Table 1 and

illustrated in Figure 4. To examine the differences

between recognition performances on the rise-fall char-

acteristic (unshaped and shaped) and the onset condi-

tions (0 and 50 msec), two-way repeated-measures

analyses of variance (ANOVAs) were completed for each

Figure 3. Mean test-ear audiogram of the 12 older listeners. The
vertical bars represent 61 SD.

Table 1. Means and SDs of Recognition Performances in Percent by the Two Groups of Listeners for the 0 and 50 msec
Onset Conditions with the Unshaped and Shaped Rise-Fall Characteristics

0 msec Onset 50 msec Onset Combined Onsets

Unshaped Shaped Unshaped Shaped Unshaped Shaped

Normal Hearing

Mean 85.6 86.5 68.3 68.5 77.0 77.5

SD (Words) 19.2 20.5 30.3 30.8 26.7 27.6

SD (Participants) 4.9 4.7 6.9 5.6 5.7 5.0

Hearing Loss

Mean 70.1 70.5 60.4 57.4 65.2 63.9

SD (Words) 21.4 19.6 21.6 24.7 22.0 23.2

SD (Participants) 9.8 10.2 10.4 8.0 8.8 7.8

Note: Means and SDs are for both the 70 words and the 12 participants in each group.
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group of listeners using the General Linear Model. Sev-

eral relationships are apparent from the data in

the table and figure. First, the young listeners with

normal hearing performed 8–16% better on the various

conditions than did the older listeners with sensorineu-

ral hearing loss. There was more intersubject variability

for the listeners with hearing loss. Both of these findings

were expected based on the selection criteria used to
define the two participant groups. Older listeners with

hearing loss always exhibit poorer performance on

degraded speech tasks than do younger listeners with

normal hearing, probably because of the combined

effects of filtering at the auditory periphery and the det-

rimental effects of aging imposed throughout the audi-

tory system. These differences in performances by the

two groups of listeners are consistent with results from
previous studies involving speech interrupted by silent

intervals (e.g., Kidd and Humes, 2012). Second, within

each listener group the unshaped and shaped rise-fall

characteristics of the on-segments produced the same

recognition performances. With the ANOVAs, the main

effect of rise-fall shape was not significant nor was the

interaction between the rise-fall characteristic and onset

time. For all conditions, there was more interword var-
iability than intersubject variability, with word variabil-

ity 22–45% of themean and subject variability 5–17% for

both listener groups. In the bivariate plots in Figure 5,

the similarities between performances with the

unshaped (ordinate) and shaped (abscissa) rise-fall

Figure 4. Mean word-recognition performances for the two
groups of listeners are depicted for the unshaped (UNS) and
shaped (S) rise-fall characteristics (lower abscissa) at the 0 and
50 msec onset conditions (upper abscissa). The vertical bars rep-
resent 61 SD for the participants.

Figure 5. Bivariate plots of the word recognition performances on each of the 70 words in the unshaped (ordinate) and shaped (abscissa)
rise-fall conditions. The data are presented for the 0 msec onset (upper panels) and 50 msec onset (lower panels) conditions, and for the
young listeners with normal hearing (left panels) and the older listeners with hearing loss (right panels). The dashed line is the linear
regression fit to the data with the mean data depicted by the filled symbol. The numbers in parentheses are the number of datum points
above, on, and below the line of equality. The data were jittered randomly using an additive algorithm from –4 to 4 in 0.5 steps.
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characteristics are emphasized for the individual words

in which the datum points are equally distributed about

the diagonal lines of equality, and the regression lines

have slopes that approach unity. Based on the com-

ments by Miller and Licklider (1950) and Cherry

(1953) regarding the lack of influence that the extrane-

ous noise had for the slower interruption rates at

approximately 10 ips, this finding was anticipated. It

Figure 6. Bivariate plots of the word recognition performances on each of the 70 words in the 0 msec (ordinate) and 50 msec (abscissa)
onset conditions. The data are presented for the unshaped rise-fall (upper panels) and the shaped rise-fall (lower panels) conditions, and
for the young listeners with normal hearing (left panels) and the older listeners with hearing loss (right panels). The dashed line is the
linear regression fit to the data with the mean data depicted by the filled symbol. The numbers in parentheses are the number of datum
points above, on, and below the line of equality. The data were jittered randomly using an additive algorithm from –4 to 4 in 0.5 steps.

Table 2. Mean Percent Recognition (and SDs for the Words) for the 0 msec and 50 msec Conditions in Performance
Levels for the Unshaped and Shaped Rise-Fall Characteristic and the Two Groups of Participants

———Unshaped——— ———Shaped———

0 . 50 0 , 50 0 . 50 0 , 50

0 50 0 50 0 5 50 0 50 0 50 0 5 50

Normal Hearing

Mean 88.3 53.6 71.4 91.1 96.7 86.6 48.0 69.4 86.1 96.7

SD 18.0 28.4 20.2 12.3 8.1 21.0 26.7 23.9 16.0 6.3

n 44 16 10 38 12 20

% 62.9 22.9 14.3 54.3 17.1 28.6

Hearing Loss

Mean 80.8 53.3 54.3 71.0 63.3 77.4 46.0 60.8 80.8 58.3

SD 15.6 21.3 19.4 17.5 23.3 18.2 22.2 17.7 13.5 16.7

n 40 25 5 42 20 8

% 57.1 35.7 7.1 60.0 28.6 11.4

Notes: These measurements were taken when performance (1) was better on the 0 msec condition than on the 50 msec condition (0. 50), (2)

was poorer on the 0 msec condition than on the 50 msec condition (0 , 50), and (3) was equal on the two conditions (0 5 50). The n and %

represent the number of the 70 words in that condition that met the criterion.
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must be acknowledged, however, that the recognition

performances could have been reduced on both the

unshaped and shaped on-segments by different pro-

cesses that altered the waveform characteristics. Mask-
ing can alter the unshaped onsets and offsets, whereas

the shaping algorithm can alter the shaped onsets and

offsets. Third, 17–18% better performances were ob-

tained on the 0 msec onset condition than on the 50msec

condition by the listeners with normal hearing. Similar

but slightly diminished differences between performances

on the two onset conditions (10–13%) were obtained

by the older listeners with hearing loss. The results of
the ANOVAs for both listener groups showed a signifi-

cant main effect of onset condition [young listeners,

F(1,69) 5 66.4, p , 0.001; older listeners F(1,69)520.1,

p , 0.001]. The extent of these differences between

performances on the individual words by both groups

of listeners under the two onset conditions are apparent

in the bivariate plots in Figure 6, in which the regres-

sion lines are relatively flat and the datum points are
concentrated, although not exclusively, above the diag-

onal line of equality.

From the n and percent data in Table 2 and the dis-

tributions of the individual word data in Figure 6, col-

lectively for both the unshaped and shaped conditions

and the two groups of listeners, recognition perfor-

mance was better on approximately 59% of the words

in the 0 msec condition than in the 50 msec condition
with a range from 54.3–62.9%. In contrast, recognition

performance was better on approximately 26% of the

words in the 50 msec condition than in the 0 msec con-

dition with a range from 17.1–35.7%. Finally, approxi-

mately 15% of the words had equal performances on the

0 and 50 msec conditions with a range from 7.1–28.6%.

These findings support the secondary hypothesis that

there would be aminority of words onwhich recognition
performances would be better on the 50 msec onset con-

dition than on the 0 msec condition.

As with any set of data, the measures of central ten-

dency, like the mean and SD, give an overall indication

of the collective characteristics of the data set. To get a

better understanding of the scope of the similarities and

dissimilarities among the various components of the

data, the individual data must be examined. The indi-
vidual data in Figure 6 and in Table SM1 (see the Sup-

plemental Materials) indicate that, at the level of the

individual words, many words produced substantially

better performances on the 0 msec onset condition than

on the 50 msec condition (e.g., date, tool, turn, ditch,

deep, and cool for the listeners with normal hearing

and talk, date, gun, dab, tire, pick, and turn for the lis-

teners with hearing loss). In contrast, other words,
albeit fewer, produced substantially better perfor-

mances on the 50msec onset condition than on the 0msec

condition (e.g., note,wheat,make, and beg for the listen-

ers with normal hearing and make, luck, haze, and beg

for the listeners with hearing loss). Between these two

extremes, a cadre of words have similar performances

on the two onset conditions. From another perspective,

on most words, the overall performance by the listeners
with normal hearing was better than that of the listen-

ers with hearing loss, but there were a few words on

which the listeners with hearing loss performed overall

10–38%better than did the listenerswith normal hearing

(calm, sheep, ditch, shawl, and half). Perhaps in these

few instances, these words were somehow more familiar

to the older listeners or, perhaps because of hearing loss,

the “missing” cues were not required for intelligibility by
the older listeners as they were by the younger listeners.

In summary, under the stimulus and interruption

characteristics examined in this word-recognition

study, (1) young individuals with normal hearing per-

formed better than older listeners with hearing loss,

(2) the rise-fall characteristic of the on-segment of the

interruption cycle whether unshaped or shaped (4-msec

cos2) produced the same word-recognition performance,
and (3) the temporal placement of the interruption

pattern had a significant influence on recognition per-

formance. When the interruption pattern included the

first 50 msec of the word (0 msec condition), overall per-

formance was significantly better than when the first

50msec of thewordwas silent (50msec condition). There

were, however, a minority of words on which perfor-

mance was better in the 50 msec condition than in the
0 msec condition.
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Table SM1.  The percent correct recognition for the unshaped (Uns) and shaped (S) rise-
fall characteristics of the 70 words under the two onset conditions (0 and 50 ms) that were
obtained from 12 young listeners with normal hearing for pure tones and 12 older 
listeners with sensorineural hearing loss.  The list is ranked by the overall mean 
performance for the eight conditions.  

-------- Normal Hearing -------- --------- Hearing Loss ---------

0-ms 50-ms 0-ms 50-ms Overall

Uns S Uns S Uns S Uns S Mean

SHEEP 41.7 16.7 16.7 0.0 41.7 41.7 50.0 41.7 31.3

DEEP 66.7 75.0 0.0 16.7 50.0 41.7 41.7 16.7 38.5

SHAWL 41.7 41.7 33.3 25.0 33.3 58.3 50.0 33.3 39.6

DAB 66.7 75.0 16.7 16.7 83.3 50.0 16.7 8.3 41.7

NOTE 33.3 8.3 100.0 58.3 33.3 33.3 66.7 25.0 44.8

CALM 41.7 33.3 8.3 25.0 83.3 66.7 66.7 41.7 45.8

GAZE 66.7 83.3 25.0 16.7 66.7 50.0 33.3 33.3 46.9

HALF 41.7 50.0 25.0 58.3 41.7 66.7 50.0 58.3 49.0

BASE 83.3 50.0 50.0 33.3 41.7 50.0 33.3 58.3 50.0

BEG 33.3 58.3 58.3 75.0 25.0 33.3 66.7 58.3 51.0

DATE 100.0 100.0 8.3 8.3 75.0 83.3 16.7 16.7 51.0

GET 91.7 66.7 50.0 41.7 58.3 50.0 33.3 33.3 53.1

TOOL 100.0 100.0 8.3 16.7 66.7 66.7 33.3 33.3 53.1

DOLL 66.7 91.7 25.0 33.3 66.7 75.0 33.3 41.7 54.2

SHACK 83.3 66.7 58.3 25.0 58.3 75.0 41.7 41.7 56.3

SOUR 100.0 91.7 58.3 66.7 33.3 33.3 41.7 33.3 57.3

TURN 100.0 100.0 25.0 16.7 75.0 83.3 33.3 25.0 57.3

MESS 58.3 66.7 75.0 58.3 50.0 50.0 58.3 50.0 58.3

SUCH 91.7 83.3 50.0 41.7 58.3 75.0 58.3 25.0 60.4

TIME 91.7 100.0 33.3 41.7 75.0 41.7 33.3 66.7 60.4

PICK 91.7 91.7 33.3 41.7 91.7 75.0 41.7 25.0 61.5

LATE 58.3 75.0 83.3 75.0 66.7 58.3 41.7 41.7 62.5

CHIEF 66.7 58.3 83.3 75.0 41.7 58.3 50.0 75.0 63.5

LUCK 66.7 75.0 83.3 83.3 41.7 25.0 58.3 75.0 63.5

GUN 91.7 91.7 58.3 41.7 83.3 91.7 41.7 8.3 63.5

BATH 100.0 100.0 66.7 50.0 41.7 58.3 41.7 58.3 64.6

PASS 75.0 91.7 41.7 75.0 75.0 83.3 50.0 33.3 65.6

DITCH 100.0 100.0 25.0 16.7 91.7 83.3 66.7 50.0 66.7
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Table SM1, continued

WHEAT 50.0 66.7 83.3 91.7 58.3 58.3 75.0 50.0 66.7

TALK 91.7 83.3 75.0 50.0 100.0 100.0 25.0 8.3 66.7

GAS 91.7 100.0 50.0 41.7 75.0 83.3 58.3 41.7 67.7

TIRE 91.7 100.0 50.0 41.7 91.7 91.7 25.0 50.0 67.7

BITE 100.0 100.0 66.7 66.7 58.3 91.7 41.7 33.3 69.8

COOL 100.0 100.0 16.7 58.3 91.7 100.0 58.3 41.7 70.8

SOAP 100.0 100.0 58.3 58.3 58.3 66.7 75.0 50.0 70.8

DODGE 91.7 100.0 75.0 66.7 33.3 66.7 58.3 75.0 70.8

MOUSE 100.0 91.7 91.7 91.7 41.7 66.7 41.7 50.0 71.9

SEARCH 91.7 100.0 75.0 83.3 50.0 58.3 66.7 58.3 72.9

WIRE 91.7 91.7 100.0 100.0 50.0 66.7 66.7 41.7 76.0

RING 75.0 91.7 75.0 91.7 75.0 75.0 66.7 75.0 78.1

RUSH 100.0 100.0 66.7 100.0 66.7 100.0 41.7 50.0 78.1

YOUNG 83.3 100.0 100.0 100.0 50.0 58.3 66.7 66.7 78.1

YOUTH 100.0 100.0 91.7 100.0 66.7 58.3 58.3 50.0 78.1

MAKE 75.0 75.0 100.0 100.0 58.3 33.3 91.7 100.0 79.2

HAZE 83.3 83.3 91.7 91.7 50.0 58.3 83.3 91.7 79.2

LONG 100.0 91.7 91.7 100.0 50.0 66.7 66.7 66.7 79.2

REED 100.0 100.0 91.7 91.7 58.3 58.3 66.7 75.0 80.2

KILL 100.0 100.0 75.0 50.0 91.7 75.0 75.0 83.3 81.3

LIVE 100.0 100.0 91.7 100.0 75.0 66.7 66.7 58.3 82.3

DOG 100.0 91.7 75.0 58.3 100.0 100.0 66.7 75.0 83.3

JUICE 91.7 100.0 91.7 91.7 83.3 100.0 58.3 58.3 84.4

HIRE 75.0 83.3 100.0 100.0 75.0 66.7 91.7 91.7 85.4

JUDGE 100.0 100.0 66.7 91.7 100.0 100.0 33.3 91.7 85.4

LEARN 100.0 91.7 100.0 100.0 91.7 58.3 66.7 75.0 85.4

NICE 91.7 100.0 100.0 100.0 83.3 66.7 75.0 75.0 86.5

FAR 100.0 91.7 75.0 91.7 91.7 83.3 83.3 75.0 86.5

ROAD 100.0 100.0 100.0 100.0 91.7 83.3 66.7 66.7 88.5

LIFE 100.0 100.0 100.0 100.0 83.3 66.7 83.3 75.0 88.5

VOICE 100.0 100.0 100.0 100.0 66.7 75.0 83.3 83.3 88.5

HATE 91.7 91.7 100.0 91.7 83.3 75.0 91.7 100.0 90.6

MOOD 91.7 100.0 83.3 100.0 91.7 83.3 100.0 75.0 90.6

WITCH 100.0 91.7 91.7 91.7 100.0 91.7 83.3 75.0 90.6



Table SM1, continued

GOOD 100.0 100.0 100.0 100.0 100.0 100.0 91.7 41.7 91.7

PAIN 100.0 100.0 100.0 100.0 91.7 83.3 75.0 83.3 91.7

KICK 91.7 100.0 100.0 100.0 91.7 66.7 100.0 91.7 92.7

HAVE 100.0 100.0 91.7 91.7 91.7 91.7 91.7 83.3 92.7

BACK 100.0 100.0 91.7 91.7 100.0 100.0 83.3 83.3 93.8

RED 91.7 100.0 100.0 83.3 100.0 91.7 91.7 100.0 94.8

CHAIR 100.0 100.0 100.0 100.0 100.0 91.7 83.3 100.0 96.9

FOOD 100.0 100.0 100.0 100.0 91.7 100.0 100.0 91.7 97.9

Mean 85.6 86.5 68.3 68.5 70.1 70.5 60.4 57.4 70.9

SD 19.2 20.5 30.3 30.8 21.4 19.6 21.6 24.7 16.6
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