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of speaking rate and speaking mode on intelligibility
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Sentences spoken “clearlyland slowly are significantly more intelligible than those spoken
“conversationally” for hearing-impaired listeners in a variety of backgroufrisheny, Durlach,

and Braida, J. Speech Hear. R@8, 96-103(1985; Uchanskiet al, J. Speech Hear. Re89,
494-509(1996; Payton, Uchanski, and Braida, J. Acoust. Soc. A8, 1581-1592(1994)].
However, it is unknown whether slower speaking rates are necessary for highly intelligible speech
or whether an alternative form of clear speech exists at fasternormal rates. To investigate this
question, talkers with significant public speaking experience were asked to produce clear and
conversational speech at slow, normal, and quick rates. A method for eliciting clear speech was
introduced that ensured the clearest possible speech was obtained at each of these speaking rates. To
probe for other highly intelligible speaking modes, talkers also recorded sentences in two other
speaking modes: soft and loud. Intelligibility tests indicated that clear speech was the only speaking
mode that provided a consistent intelligibility advantage over conversational speech. Moreover, the
advantage of clear speech was extended to faster speaking rates than previously reported. These
results suggest that clear speech has some inherent acoustic properties that contribute to its high
intelligibility without altering rate. Identifying these acoustic properties could lead to improved
signal-processing schemes for hearing aids. 2@2 Acoustical Society of America.
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I. INTRODUCTION rate (Zwicky, 1972. If so, it should be possible to obtain
) ) _ ~ clear speech and conversational speech at the same speaking

This report is concerned with clear speech, a speakingyie Therefore, this paper investigatéls: whether alterna-
style that many talkers adopt in order to be understood morgye forms of clear speech can exist at normal speaking rates
easily in difficult communlc_atlon situations. .Prewous_stu.dle.s(or fastej, and(2) whether clear speedispoken slowly has
have demonstrated that this altered speaking style is signifis, intelligibility advantage over typical slow speech, without
cantly more intelligible(roughly 1_7 pe.rcen.tage pon)tlhan. emphasis on clarity. In either case, it would follow that clear
conversational speech for hearing-impaired listeners in @,50.h has some inherent acoustic properties, independent of
qwet. ba_ckgrgund as well as fqr both normal-heqrmg anc}ate, that account for its higher intelligibility. Furthermore,
hearmg-lmpalred listeners in noise and reverberation bathhe subsequent task of identifying those properties would be
grounds(Pichenyet al, 1985; U_char?ske_‘t_ al, 1996; Pay_“"f‘ greatly simplified, since clear and conversational speech at
et al, 1994. Furthermore, the intelligibility advantage is in- the same rate could be compared directly.
dependent of listener, presentation level, and frequency-gain Most previous attempts to achieve clear speech at nor-

characteristic(Picheny et al, 1985. These results suggest . ; .
) . . al rates have focused on signal-processing techniques. For
that signal-processing schemes that convert conversationg, L . . .
e L xample, two studies investigated straightforward time-scale
speech to a sufficiently close approximation of clear speec . . .
manipulations of clear and conversational speech, compress-

could improve speech intelligibility for hearing aid users in . . .
L ing clear speech to normal conversational speaking rates and
many situations.

. . xpanding conversational speech to clear speaking rates. In
Before such signal-processing schemes can be devel*P 9 P P g

oped, however, it is first necessary to determine the extent t e first Of. these studiegPicheny, Durlach, and_ Braida,
which a reduction in speaking rate is responsible for the in- 989, the time scale of senten_ces was altered unlfo_rmly, and
telligibility improvement provided by clear speech, since the" @ subs_equent studchhansk_|et al, 1996’ a nongnlform
typical speaking rate for clear spegd®0 words per minue tupe_—scalmg method was applied, altering phonetic s.egmer?ts
is roughly half that of conversational speecRicheny, within sentences to reflect the segmental-level durational dif-

Durlach, and Braida, 1986This question is particularly im- f_erences previous_ly mgasured _between clear and conversa-
portant for real-time hearing aid applications, since audic}|onal speech. Neither time-scaling procedure produced clear

and visual signals must remain synchronized for maximunpPeech at normal speaking rates that was more intelligible

benefit to the listener. Although the role of speaking rate in'@n unprocessed conversational speech, though nonuniform

highly intelligible speech is not well understood, some lin- time scaling was generally less harmful to intelligibility than

guists hypothesize that clarity is independent of speakind;miform 'Fime_scalir?g. cher work has examined the role of
pauses in highly intelligible speech, because the reduced

speaking rate found in clear speech is partly a result of more
dElectronic mail: jeanie@mit.edu frequent and longer pausé@s conjunction with lengthened
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speech soundls(Picheny et al, 1986. One such study eliciting soft and loud speech. Intelligibility results are re-
(Uchanskiet al, 1996 showed that key words excised from ported for all speaking modes, loud and soft as well as clear
clear and conversational sentences have nearly the same @nd conversational speech at slow, normal, and quick rates.
telligibility as the same words in sentence context, suggestfhe goal of the intelligibility tests was to determine whether
ing that differences in pause structure do not necessarily acormal-hearing listeners with simulated hearing losses,
count for differences in intelligibility. This result is supported achieved by additive noise, could derive intelligibility ben-
by another study(Choi, 1987 which found that artificial efits (relative to conversational speedhom one or more of
manipulations of pause structure do not substantially altethe speaking modes elicited at a given speaking rate. If so,
the intelligibility of clear and conversational speech; that is,further examination of such highly intelligible speaking
adding pauses to conversational speech did not improve itodes could lend insight into possible signal-processing ap-
intelligibility, and deleting pauses from clear speech did notproaches for hearing aids with the potential to improve
decrease its intelligibility. Such manipulations did increasespeech clarity as well as audibility.
the effective speaking rate for clear speech, but not nearly
enough to achieve normal speaking rates. Il. SPEECH ELICITATION METHODS

In addition to attempts to obtain clear speech at normal | der o | the ch f obtaini |
speaking rates through signal-processing techniques, one n order to improve the chances of oblaining clear

preliminary experimentUchanskiet al, 1996 sought to speech at normal speaking ratee., rates c_omparabl_e 0
(ionversatlonal speetmaturally, much attention was given

licit clear h at normal king rates naturally. In th . - ;
elicit clear speech at no speaxing rates a %0 talker selection and training. Talkers were recruited from

experiment, a professional talker attempted to produce cle%r1e New England area, but only talkers with significant pub-

speech at a variety of rates. Results of intelligibility testsIiC speaking experiencée.g., students or professionals in
suggested that the talker could not improve his intelligibility - : o . .
television or radio broadcasting, public speaking, or other

without slowing down. However, only one talker was exam- - Lo . .
. . . ; o communications disciplingsvere considered, because their
ined, and talkers vary considerably in their ability to produce . : .
: . . .~ “experience increased the likelihood that they could respond
highly intelligible speech(Bradlow, Toretta, and Pisoni, T . : .
S o training in relatively short amounts of time. Since the
1996. Therefore, more work in this area must be complete

bef lusi dina th ist f naturall raining was fairly intensive, however, it was not feasible to
elore any conclusions regarding the existence ot naturally.;, o potential talkers. Therefore, talkers who responded

produced clear speech at normal speaking rates are justifie\%th at least 2 years of public speaking experience were

In_ord_er to increase the chances of finding at least ON%sked to participate in a preliminary screening to evaluate
talker in this study who could produce a form of clear .Speed}heir intelligibility. A description of the 15 talkers who par-
at ”O”T“a' speaking rates, much attention was given t(13icipated in the screening and their speaking experiences is
screening talkers, and a method was deve!oped to e|!0|t & mmarized in Table I. Based on the results of the screening,
clearest possible speech from talkers at a given speaking rajf, fjyq participants with the highest potential for producing

by providing them with training and feedback on intelligibil- clear speech at a variety of speaking rates were then selected
ity. In addition, the possibility was also investigated thatfor training

speaking modes other than clear speech could exist with
comparable or even greater intelligibility advantages relativeA- Screening of talkers
to conversational speech. Some naturally occurring speaking |n order to obtain a form of clear speech from each
modes differ acoustically from conversational Spegely.,  talker with minimal training, the talkers were familiarized
mothers addressing infants produce more extreme VOwelgjth the characteristics of previously obtained clear speech.
(Kuhl et al, 1997, but without intelligibility measurements, The talkers listened to samples of both conversational and
it is unknown whether these speaking modes also differ Sigjear speech materials recorded for an earlier study of clear
nificantly from conversational speech in intelligibility. In this speech(Pichenyet al, 1985, and differences between the
study, the intelligibility of loud and soft speech was evalu-two speaking modes were discussed. The talkers were asked
ated relative to Conversational SpeeCh presented at the Sarf@mimic the C|ear Speech that had been presented’ and they
intensity. These two speaking modes were chosen becauggere given feedback by the experimenter on both rate and
they occur frequently in natural speech, are relatively easy t@|arity. The goal of obtaining clear speech at normal speak-
elicit from talkers, and have acoustic effects on the speecthg rates was explained, but each talker was instructed not to
spectrum that are independent of intensitjcklider, Haw- increase speaking rate at the expense of clarity. Each talker
ley, and Walking, 195b Finally, this study also investigated \vas then given 1 hour to practice producing clear speech. At
whether clear speectspoken slowly is more intelligible  the conclusion of the practice period, each talker was asked
than typical slow speech, without emphasis on clarity. Al-to record a unique set of 100 sentences, 50 spoken clearly
though other studies have examined acoustic properties @d 50 spoken conversationally.
slow speechCrystal and House, 1982, 1988; Han, 1866
none has considered intelligibility. Such an analysis is
straightforward to conduct and lends insight into whether  All recording sessions took place with the talker seated
these studies are useful for understanding clear speech. in a sound-treated room. A Sennheiser MD 421 cardioid mi-
In this paper, an objective method is introduced forcrophone was positioned approximately 6 in. in front of the
training talkers to produce the clearest possible speech attalker’'s mouth. The roll-off filter on the microphone was
variety of speaking rates. Methods are also described foadjusted to the speech setting, and the microphone output

1. Recording procedure and sentence materials
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TABLE I. The following data were used to evaluate talkers during the preliminary intelligibility screefiing:
speaking experiencé?) intelligibility (1), based on % correct key-word scores; d8f speaking rater) in

words per minute, excluding pauses. Conversational and clear data are differentiated with subscripts. The
change in intelligibility as a function of rate is represented by the slope of a line that would connect the two data
points, calculated byn= — (I gear— | con/ (I clear— T conv) - INdividual results are listed here for the five talkers who
were ultimately selected to participate in formal trainiifl—T5). Results for the remaining talkers who
participated in the screenin@6—T15 are reported in aggregate.

Talker Sex Speaking experience  Yrs leopy I conv | clear I clear m

T1

n

College television, 5 42 307 48 169 0.04
radio, public speaking

T2 F Professional speaker 5 42 213 70 97 0.24

T3 F Broadcasting student 2 25 315 64 61 0.15

T4 F Debate team 6 52 175 75 57 0.20

T5 M Debate team 7 48 164 79 90 0.42
T6-T15 5M,5F Varied 2-5 20-45 160-285 34-64 55-198 0.10-0.34

was amplified using a Symetrix SX202 dual microphone preidentify talkers who could not only produce clear speech but
amplifier. The speech was recorded at a 48-kHz samplinglso demonstrate a high potential for producing clear speech
rate, using a SONY 59ES digital audio tape deck. The filesat normal speaking rates, paugsent periods of 10 ms or
were then downsampled to 20 kHz and normalized for rmgonge) were excluded from the speaking rate calculation.
level. The sentence materials recorded were obtained frorRor clear speech, this procedure provided a rough estimate of
the corpus of nonsense sentences described by Pightely  the minimum speaking rate that could be achieved by train-
(1989. These sentences have five to eight words each an@g talkers without sacrificing intelligibility, given that delet-
provide no semantic context that could aid listeners in idening pauses from clear speech does not reduce its intelligibil-
tifying key words, which are defined as all nouns, verbs, angty (Choi, 1987. It also provided an indication of articulation

adjectives(e.g., “The right cane could guard an edge.” rates, which facilitated analysis of talkers’ abilities to pro-
_ _ N duce clear speech at normal rates.
2. Listeners and testing conditions When speaking clearly, all talkers achieved some im-

Two normal-hearing listenerone male, one female provement in intelligibility over speaking conversationally,
were obtained from MIT and the surrounding community. but none achieved this improvement without slowing down.
They were native speakers of English who possessed at leaStnce the screening did not provide talkers with training, this
a high school education and had no prior experience with theesult was not unexpected. However, the relationship be-
task. Their hearing thresholds were no greater than 20 dB Hiween intelligibility and speaking rate was considered an im-
at frequencies between 250 and 4000 Hz. portant criterion for screening talkers’ potential to achieve

Each talker’'s speech was presented in a background aflear speech at normal rates. In order to quantify this rela-
speech-shaped noigdlilsson, Soli, and Sullivan, 19940 tionship, an equation for each talker was derived for the line
listeners monaurally over TDH-39 headphones. The stimulpassing through the two data pointsonversational and
were stereo signals with speech on one channel and speeafiean achieved by that talker during the screening, with in-
shaped noise of the same rms level on the other channel. Thelligibility as a function of speaking rate. The equation was
speech was attenuated by 4 dB and added to the speedfthe form | =a—mr, wherel represents intelligibility,r
shaped noise, and the resulting sigf@NR=—-4 dB) was  represents speaking rate excluding pauses,aaadd m are
presented to the listeners from a PC through a DAL cardpositive constants. The value wisatisfying this equation for
Listeners were given the opportunity to choose a comfortableach talker is also summarized in Table I.
|iStening level and to select which ear would receive the Since it was unknown what talker characteristics were
stimuli. They were also encouraged to switch the stimulus tgnst likely to be associated with talkers who were capable of
the other ear when fatigued. Listeners responded by writingyroducing clear speech at normal rates, talkers with different
their answers on paper. They were given as much time agharacteristics were selected in order to improve the chances
needed to respond, but were presented each sentence oglfinding at least one talker who could produce clear speech
once. Intelligibility scores for key word&ouns, verbs, and 5t normal speaking rates. The data for the five selected talk-
adjectives were determined using the scoring rules de-grg gre listed in Table I. T1 was selected for her ability to
scribed by Pichengt al. (1989. Under these testing condi- gpeak at a higher rate than most other talkers, both in con-
tions, normal-hearing listeners have been shown to rece"’\‘?ersational(307 wpm and clear(169 wpm modes. In addi-
penefits fr_om clear. spegch that are consistent with hearinql—on’ she exhibited an unusually low value of the slope pa-
impaired listeners in quiePaytonet al, 1994. rameterm. It was hoped this value ah could be increased

with training. Talkers T2 and T4 were selected because their
3. Evaluation and selection of talkers overall intelligibility in both modes was higher than most of

Speaking rates in words per minuigpm) and intelligi-  the other talkers at similar speaking rates. Two talkers with
bility scores for each talker, averaged across listener, arthis characteristic were selected because it was considered
summarized in Table I. Since the goal of the screening was thkely to be associated with an ability to speak clearly at
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normal rates. T3 was selected because she had the greatesf rates were not uniform across talkers, Fig. 1 shows that
increase in intelligibility between conversational and clearthere was very little overlap in the distributions of slow, nor-
speech. She also demonstrated the ability to change hemal, and quick rates across talkers. Only T2, who varied her
speaking rate significantly, from 61 wpm in clear mode torate relatively little, chose a quick rat&93 wpm that over-
315 wpm in conversational mode. T5 was selected becaudapped with the remaining four talkers’ normal rates, which
his clear speech had the overall highest intelligibility at 79averaged 187 wpm and ranged from 171 wfFb) to 198
percent as well as the highest valuenafThese five talkers wpm (T3).

(four females, one maleparticipated in the formal training

sessions described below. 2. Regulating intelligibility
o _ The procedure for regulating intelligibility required the
B. Training and recording procedure talker to repeat a sentence with increased emphasis on articu-

After participating in intensive training, talkers recorded lation until it was perceived correctly by a listener. This pro-
clear and conversational speech from talkers at slow, norma¢edure was derived from an existing method for eliciting
and quick speaking rates, resulting in six speaking style§lear speech with syllable€Chen, 198D in which a talker
(referred to by mode/rale clear/slow, conv/slow, clear/ repeated a Syllable until the listener perceived it correCtIy in
normal, conv/normal, clear/quick, conv/quick. The novelthe presence of masking noise. While such a method could
training procedure, described below, included quantitativde used with nonsense sentences, its disadvantage is that
feedback on both speaking rate and intelligibility, ensuringrepetition of sentences increases their intelligibiliychan-
that the clearest possible speech for a given speaking rafki et al, 1998. To avoid the intelligibility benefit of repeti-
was obtained from talkers. Whether this speech could protion, four normal-hearing listeners were employed succes-
vide an intelligibility advantage over conversational speectfively to provide the talker with feedback on intelligibility.

of the same rate was evaluated with intelligibility tests de-The talker's speech was distorted by multiplicative noise
scribed in the next section. (Schroeder, 1968and presented to each of the listeners, in

turn, monaurally over headphones. Multiplicative noise was
used because it maintains a constant SNR, thus preventing
Speaking rates were specific to individual talkers andhe talkers from increasing intelligibility simply by speaking
were regulated at the sentence level in order to make the taskore loudly. At the beginning of each session, the SNR was
as natural for talkers as possible. Moreover, regulating serset to 0 dB, and it was decreased in increments of 0.2 dB
tence rate rather than word or syllable rate allowed the talkeuntil the listeners received on average no more than one key
freedom to determine the duration of individual speech segword correctly from the talker’s first utterance of the sen-
ments and words, thus maximizing the chance of obtainingence. Throughout the experiment, the SNR was decreased in
natural clear speech at normal and quick rates. After an iniincrements of 0.2 dB as the talker’s intelligibility improved.
tial determination of speaking rates, talkers were required to  The talker and listeners were seated separately and did
retain their individual slow, normal, and quick rates through-not have visual contact. Each listener could hear the talker
out all training and recording sessions. The appropriat@nly when directly addressed and presented with a sentence.
speaking rate was communicated to the talker by presentinghe designated listener then responded verbally with the sen-
over headphones the output of a metronome that was set tence heard. The talker and the experimenter could both hear
the desired sentence rate. Talkers could take as much time #® listener’s response, and they could communicate freely
desired between sentences, but were required to fit each semith each other throughout the session. The experimenter
tence between two consecutive metronome clicks. Most talkprovided instruction, reminding the talker to adhere to the
ers adjusted easily to monitoring their speaking rate in thigiming cues provided by the metronontfor clear/normal
way and did not appear to find the procedure difficult orand clear/quick modg¢snd pointing out patterns of mistakes
unnatural. among the listeners. The experimenter also served as a judge
Individual speaking rates were initially determined by of the listener’s responses and decided whether or not the
the average rates achieved by each talker when asked to tlker should repeat a sentence. The listener’s response was
the following: (1) slow—produce 100 clear sentences, withregarded as correct if more than half of the key words were
no constraints on rate, at the conclusion of trainifg);  correctly identified. If the response was incorrect, the talker
normal—read 200 sentences at a rate appropriate for normegpeated the sentence to the next listener; if the response was
conversation{3) quick—read 50 sentences as rapidly as pos<orrect, the talker presented a new sentence to the next lis-
sible. Clear speech was used to establish the slow rate faener. The four listeners were not given feedback on whether
two reasons. First, imposing no rate constraints on the proer not the response was correct. A sentence was not repeated
duction of clear speech was similar to methods used for elicadditional times after it had been presented to all four listen-
iting clear (slow) speech in the screening and in previousers. If three sentences in a row were presented to all four
studies(Pichenyet al, 1985; Uchansket al, 1996 and en- listeners without a correct response, the SNR was increased
sured that highly intelligible speech would be elicited. Sec-by 0.2 dB.
ond, this method allowed for elicitation of conv/slow speech  This procedure was used for both training and recording.
at rates comparable to cleére., clear/slow speech, which  During training sessions, talkers were encouraged to experi-
allowed for a direct comparison of the intelligibility of clear ment with different speaking strategies and allowed to prac-
and conversational modes at the same rate. Although speatice as much as desired. After speaking strategies had been

1. Regulating speaking rate
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explored, training of each conditioriclear/slow, clear/ to the same rms level for the purposes of intelligibility tests.
normal, clear/quickwas considered complete when the SNRThus, the question addressed in the intelligibility tests was
had reached a constant valiwéthin =0.2 dB). After a short ~ whether these speaking modes provide an intelligibility ad-
break, the condition was then recorded. vantage over conversational speech of the same intensity.

3. Eliciting other speaking modes 4. Recording sessions

Soft/normal and loud/normal speech were elicited from Each talker recorded 700 nonsense sentences over four
talkers with the aid of a Realistic digital sound-level meter,recording sessions, 2t3 h in length. The 600 sentences
located approximately 2 1/2 ft. from the talker's mouth anddiscussed here consisted of six unique sentence lists, each
set to measure the maximum sound pressure lé#el containing 50 sentences. Every sentence list was recorded in
weighted, FAST-acting average: updated every OR2Bi@a  two speaking modes: Ll—soft/normal and conv/normal;
sentence. The talker was instructed to read ten sentences ina—loud/normal and conv/normal; L3—clear/normal and
conversational manner, and the largest and smallest sourmdnv/normal; L4—clear/slow and conv/normal; L5—clear/
levels were noted. For soft/normal speech, each talker waguick and conv/quick; L6—clear/slow and conv/slov@ne
instructed to speak at sound levels at least 15 dB below thmode was the test condition, and the other was always con-
largest level measured for that talker during conversationalersational, to establish baseline intelligibility scores. In
speech. The level on the meter was reported to the talkenost cases, the two speaking modes were recorded at the
after each sentence was read, and the sentence was repeaathe speaking rate in order to facilitate intelligibility com-
if necessary. Loud/normal speech was elicited in a similaparisons without speaking rate as a factor. One (list),
manner, except the talker was instructed to exceed the smaltowever, was recorded at two different rates: once in conver-
est level measured during conversational speech by at leasational mode at the normal rate and once in clear mode at
15 dB. It should be noted that although these modes werthe slow rate. The recording procedure was identical to that
elicited at various intensities, all sentences were normalizedsed for the screening, except thiaj the amplifier output
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was recorded directly to a PC disk, using a DAL card with aconv/quick (27%), soft/normal (26%) modes. The 18-
20-kHz sampling rate, an@) pauses were excluded for nor- percentage-point advantage for clear/sl@8% relative to
malization purposes in order to ensure that the rms levetonv/normal speectd5%) is consistent with previous stud-
reflected the level of the speech only, since pause durationies(Pichenyet al, 1985; Uchanskét al, 1996. Moreover, a
varied greatly across the three speaking rates. Sentencég-point advantage was obtained for clear/norr&9%)
were checked for errors, and in a few cases, mispronounceelative to conv/normal speech, thus extending the benefit of
words were noted so that responses could be graded accorelear speech to normal speaking rates. In addition, this ad-

ingly during intelligibility tests. vantage was comparable to the 12-point advantage obtained
for clear/slow (63%) relative to conv/slow(51%) speech.
IIl. INTELLIGIBILITY TESTS Although a 19-point advantage was also obtained for clear/

. o ~quick (46%) relative to conv/quick speed27%), this find-

Eight normal-heanng_ Il_stenefﬁ_our mal_es, fgur f?”_‘?"_es’ ing does not extend the benefit of clear speech to quick rates,
aged 18 to 2_9 yeargarticipated in the fl_nal intelligibility hecause the speaking rate for clear/quick spéatB wpm
tests_. Tht_ese listeners met the same r_equwer_nents for ”OW%S significantly slower than the speaking rate for conv/
hearing listeners as those who participated in the screemngIuick speect(269 wpm). Of the speaking modes other than
][\lon_? h.?d p?r:utcr:pa:edkm_rthhe s_crhetelm?g nor had adn_y_ dpr:jo(t,learspeech that were evaluated, soft/normal speech was less
.a{m;\i\/n y Wi i et at§ - [he eight listeners were divide intelligible on average than conv/normal speech. On average,
Into two separate testing groups. . loud/normal speeck63% was more intelligible than conv/

Listeners participated in 16 2-h sessions over the COUrSg i mal speecli45%), but the advantage was less for loud/

of approximately 8 weeks. In each session, listeners werg :
i ! ) ormal speech8 point9 than for clear/normal speedi4
tested on 4-5 sentence lists and were given a 5-min break peecti® pointg peedi

. : é)é)ints. Moreover, not all talkers achieved an intelligibility
after the presentation of each list and were also encourag :
advantage with loud/normal speech. Thus, at normal rates,

to rest briefly as necessary. In addition, a 10-min break was . ; .
: : . . “hone of the alternative speaking modes tested provided as
given near the halfway point of each session. The stimul

. .~ large or as consistent of an intelligibility advantage over con-
were prepared and presented in the same manner as in the

screening, except that the SNR was set-td.8 dB. This versational spgech as clear speech.
) . An analysis of variance was performed on the key-word
SNR was chosen to avoid ceiling and floor effects on all

conditions, which varied considerably in difficulty. It was scores for the data specific to clear and conversational speech

determined through informal listening tests that were admin-(conV/SIOW’ conv/normal, - conviquick, clear/slow, ~clear/

) . normal, clear/quick after an arcsine transformatigarcsin
istered to normal-hearing volunteers from the laboratory. [ 7100) t lize th . Th vsis of vari
Although the groups met at different times, both groups® '} ) to equalize € vanances. The analysis of variance
heard the same lists in the same order. It was not necessary Sed a standard factorial mog{elonrepeated measulfeaa_ﬂd
randomize the order of presentation of the lists, becaus halyzed fOl_Jr factors, assuming one random factor, listener,
learning effects over the course of an experiment are minif’lnd three fixed factors: talker, mode, and rate. Although

mal with these speech materigRichenyet al, 1985. How- many factors and interactions had statistically significant

ever, because each list was presented in two different modgs—rlatlos_(p<0.f0i), only f|ve.of tgeor; acc:?(untelgg/or sub;tan-
in this experimen{conversational, for reference, and a testtidl portions of the variance: ral@0%), talker(19%), mode

condition, learning effects within a list were a possibility. In (13%), listener (7%), and ratectalker (10%). For the pur-

order to minimize these learning effects, the conversationdf©S®S of th'_s study, it is -most |_mportant to note that a sub-
condition was presented prior to the test condition in rougthSt"’mt"'le portion of the variance 1s accounted for by the mode
half of the cases and after the test condition in the remaining2ctor @lone, and that a relatively small portion of the total
half. In addition, the amount of time between the first andvaiance(5% or less is accounted for by each of the inter-

second presentations of a each list was always at least 3°tions with mode that were significant. In fact, with the
weeks. exception of modetalker and mod&ratextalker, each sta-

tistically significant interaction with mode accounted for less
than 2% of the variance, including modkstener and mode
Xrate as well as some higher-order interaction terms. There-
Intelligibility scores, averaged across talkers and listenfore, to a first-order approximation, it can be concluded that
ers, and speaking rates were calculated as in the screenirthe intelligibility benefit obtained by speaking cleatipode
To simplify discussion, the data discussed here are also avs statistically significant, and the size of the benefit is largely
eraged across all presentations of a given condition. Alindependent of listener, talker, and speaking rate. In other
though the number of lists presented in each condition varwords, a comparable intelligibility benefit is obtained for a
ied, the lists have been shown to be of equal difficultymajority of talkers, independent of their overall intelligibil-
(Rosengard, 2000Therefore, this averaging method should ity, for a majority of listeners, independent of their overall
provide the best estimates of the intelligibility of various skill at the listening task, and for a majority of speaking rates
conditions. (at least slow and normglindependent of the overall decline
The clear/slow speaking style was most intelligible at 63in intelligibility that comes with increased rate.
percent key words correct, followed in order of decreasing  Of the interactions with mode that were statistically sig-
intelligibility by clear/normal (59%), loud/normal (53%), nificant, the two terms accounting for the most variance were
conv/slow (51%), clear/quick (46%), conv/normal(45%y, modextalker (5%) and mode&ratextalker (5%). These in-

IV. RESULTS
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TABLE Il. Slopesml andm2 for each talker in this study, wher@l= (I oma— ! siow)/ (M norma— I'siow) and

M2 = (I quick— ! normad/ (T quick— " norma) - | represents intelligibility(%), r represents speaking ra@pm), exclud-

ing pauses, and subscripts indicate nominal speaking rate. Asterisks indicate slopes in this study that could not
be calculated because of data points that were eliminated due to the failure of the talker to achieve the desired
rate or intelligibility. Comparison of average slopg=alculated from intelligibility and rate values averaged
across talkerin this study with those obtained for previous attempts to elicit clear speech at normal rates shows
that the present study’s speech elicitation meth@abker selection and trainingextended the advantage of

clear speech to normal rates by increasing the valualyf,,, to that ofml.,,,.

Talker/Study Listenés) Scaling Moy m2.ony M1gear M2¢jear
T1 Normal Naturat-training -0.14 —-0.02 -0.07 *
T2 Normal Naturat-training * —0.08 -0.18 -0.21
T3 Normal Natural-training -0.27 -0.23 * -0.31
T4 Normal Naturat-training —0.03 -0.27 —0.09 -0.32
T5 Normal Naturat-training —-0.08 -0.23 -0.15 -0.43
AVG (present study Normal Naturat-training -0.10 -0.20 -0.10 -0.33
Pichenyet al. (1989 Impaired Uniform —-0.30
Uchanskiet al. (1996 Impaired Nonuniform -0.25
Uchanskiet al. (1996 Normal Natural —-0.25 —-0.29
Uchanskiet al. (1996 Impaired Natural -0.21 —0.28

teractions are shown in Fig. 1. For both T4 and T5, convivas also analyzed by comparing two slope values across
slow speech was comparable in intelligibility to conv/normal speaking modesnl, the decrease in intelligibility from slow
speech, and the clear speaking mode at these speaking ratesnormal rates, anch2, the decrease in intelligibility from
was much more intelligible than the conversational modenormal to quick rates. These slopes, shown in Table Il, were
(average key-word scores were 18 points higher for T4 andalculated for each talker and speaking mode from the data
28 points higher for Th Trends for the other three talkers pictured in Fig. 1, with the exception of three data points,
are less clear. T3 failed to produce highly intelligible speechwhich were omitted because they failed to exhibit a change
at the slow speaking rate, although her clear/normal an¢h rate or an improvement in intelligibility: T1’s clear/normal
clear/quick styles were more intelligible than her conversadata(no intelligibility improvement over conv/normalT2’s
tional speech at similar speaking rates. T2 varied her speakonv/slow datanot significantly slower than conv/normal
ing rate the least of all the talkers, and reported having difand T3's clear/slow dat@ao intelligibility improvement over
ficulty adhering to the metronome. Her intelligibility drops conv/slow. In the first case, T1's clear/quick data point was
off quickly at speaking rates above 150 wpm. T1 reportedsubstituted for the clear/normal omission, because it pro-
that she preferred speaking quickly, which may partly ex-vided an intelligibility improvement over conv/normal
plain her achieving a higher key-word score for clear/quickspeech and was within 25 wpm of her normal rate. In addi-
speech than for clear/normal speech. tion, average slope values were calculated from mean intel-
Instances where talkers achieved an intelligibility benefitligibility and rate values averaged across talker, for this study
(at least 5 percentage poihtsithout a substantial change in as well as for previous attempts to elicit clear speech at nor-
speaking raténo more than 25 wpjnare indicated in Fig. 1 mal rates. As shown in Table I, the average slofk, e, in
with dashed lines. At normal rates, all talkers met this crite-this study was greater thaml.., for all previous studies
rion, producing a form of clear speech that was more inteland equal tanl..,, (—0.10, indicating that the clear slope
ligible than conv/normal speech produced at nearly the samieas been flattene@elative to previous studig¢such that the
speaking ratéT1 met this criterion with clear/quick speech, size of the intelligibility benefit of clear modes over conver-
which was produced within 25 wpm of her conv/normal sational modes remains roughly equal for slow and normal
speech In addition, clear/slow speech was also more intel-speaking rates. At faster rates, however, the average slope
ligible than conv/slow speech for all talkers except T3, ac-m2.e, in this study became considerably steeper, dropping
cording to this criterion. Although all talkers obtained an off more quickly thanm2.,,, as well as allm2.,, values
increase in intelligibility at quick rates by speaking clearly, obtained from previous studies. The point where the@e
none of them did so without also speaking more slowly. Ad-lines converge may represent a physical limit on articulation
ditional training may have been necessary, or it may not beesulting from physiological constraints at very high speak-
possible to produce clear speech at such high rates. Regaridg rates.
less, it should be noted that the clear/quick speech obtained
for some of _the t_al_ker@amcularly, T1 _and TBseems likely V. DISCUSSION
to be more intelligible than conversational speech at compa-
rable rates, if such conversational speech had been obtained The results of this study show thél) at a given speak-
in this study(based on an interpolation of the conversationaling rate, neither of the additional speaking modes examined
speech scores that were obtained for each talkeiso, it  provided an intelligibility benefit as large as that of clear
appears that the clear speech benefit can also extend to fasggreech; an@) with proper training of talkers, the benefits of
than normal speaking rates. clear speech can be extended to faster speaking rates than
The clear speech benefit achieved by talkers in this studthose previously reported. Specifically, a form of clear
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speech was obtained at sldqroughly 100 wpm and normal  findings could ultimately lead to the development of signal-

(roughly 200 wpn rates. Because the intelligibility advan- processing approaches for hearing aids that convert conver-

tage of clear/slow over conv/slow speech was comparable teational speech to a close approximation of clear speech over

that of clear/normal over conv/normal for nearly all talkersas wide a range of speaking rates as possible.

and listeners, it was also shown that over this range of speak-
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