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This study investigated the effect of short and long auditory feedback delays at two speech rates
with normal speakers. Seventeen participants spoke under delayed auditory fegaibBglat O,

25, 50, and 200 ms at normal and fast rates of speech. Significantly two to three times more
dysfluencies were displayed at 200 ns<{(0.05) relative to no delay or the shorter delays. There
were significantly more dysfluencies observed at the fast rate of sppedh.§28). These findings
implicate the peripheral feedback systenof fluent speakers for the disruptive effects of DAF on
normal speech production at long auditory feedback delays. Considering the contrast in fluency/
dysfluency exhibited between normal speakers and those who stutter at short and long delays, it
appears that speech disruption of normal speakers under DAF is a poor analog of stuttering.
© 2002 Acoustical Society of AmericdDOI: 10.1121/1.1466868

PACS numbers: 43.70.DAL ]

I. INTRODUCTION those receiving DAF. There was no significant difference in
speech errors at an increased speaking rate between those

The powerful fluency-enhancing effects of delayed aureceiving DAF and those not. There is no evidence of the

ditory feedback(DAF) among individuals who stutter are effect of speech rate and DAF at shorter delays. Finally, the

well documentedBloodstein, 1995 In contrast, numerous absence of an operational definition of “errors in speech pro-

experiments with normal speakers have shown that DAFRluction” or “dysfluency” makes interpretation of earlier

produces disruptive effects on the speech. Such effects iwork problematic and most likely impossible. Specifically,

clude speech error®.g., repetition of phonemes, syllables, definitions for dysfluency such as “misarticulationd4am

or wordg, changes in speech rate/reading duration, proet al, 1984, “hesitations” (Stephen and Haggard, 1980@r

longed voicing, increased vocal intensity, and modifications'slurred syllables”(Zalosh and Salzman, 196&re not con-

in aerodynamic¢Black, 1951; Fukawat al, 1988; Howell, sistent with the standard definition of dysfluent behaviors of

1990; Langovaet al, 1970; Lee, 1950, 1951; Mackay, 1968; individuals who stuttefi.e., part word repetitions, prolonga-

Siegelet al, 1982; Stageet al, 1997; Stager and Ludlow, tions, and postural fixations

1993. Several theorist$Black, 1951; Cherry and Sayers, This investigation sought to further explore the effect of

1956; Van Riper, 1982; Yates, 196Bave proposed that the DAF on normal speakers. Specifically, the purpose of this

speech disruptions of normal speakers under DAF are aptudy was to investigate the effect of short and long auditory

analog of stuttering since these disruptions are similar téeedback delays at fast and normal rates of speech with nor-

stuttering. Put simply, normal speakers can be made to “armal speakers. In contrast to previous research, a conventional

tificially stutter” under DAF. definition of dysfluency, consistent with the operational con-
With respect to speech production errors, three pr0b|em§trUCt used in the examination of the dySfluency in those that

become evident when reviewing previous research examirstutter, was adopted. This definition excluded speech errors

ing the effects of DAF on normal speakers. First, investigathat are associated with other pathological conditidres,

tors have typically utilized “long” delays ranging 100 to 300 developmental articulation errors

ms. While such long delays have induced errors in speech

production in normal speakers, there is a paucity of informa-

tion concerning the effect of shorter delays. Second, to th§ \veTHOD

best of our knowledge, there is only one study investigating o

the effect of different rates of speakife.g., normal versus a A Participants

fast rat¢ and DAF on normal speakers. Zangtial. (1999 Seventeen normal speaking adult males aged 19 to 57

reported that participants speaking at a normal rate whil¢m =32.9 years, s.e:12.5) served as participants. All par-

receiving 200 ms DAF produced significantly more speechicipants presented with normal middle ear functiémeri-

errors that those receiving no DAF. With an increased speakzan Speech-Language-Hearing Association, 139% nor-

ing rate, the total number of speech errors increased for thos@al hearing sensitivity defined as having pure-tone

receiving no DAF but remained approximately the same foithresholds at octave frequencies from 250 to 8000 Hz and

speech recognition thresholds €20 dB HL (ANSI, 1996.

aEjectronic mail: stuarta@mail.ecu.edu All individuals had a negative history of neurological, oto-

P'Currently affiliated with Powhatan County Public Schools, Powhatan, VA.logical, and psychiatric disorders.
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B. Apparatus and procedure 6
—L— Normal

All testing was conducted in an audiometric test suite. 5
Participants spoke into a microphof&hure Prologue Model ° Fast ﬁ
12L-LC) which the output was fed to an audio mixer @ 4
(Mackie Micro Series 1202and routed to a digital signal S
processor(Yamaha Model DSPJland amplifier(Optimus E 37 T
Model STA-3180 before being returned bilaterally through g 24971 T
earphonesEAR Tone Model 3A. The digital signal proces- T L
sor introduced feedback delays of 0, 25, 50, or 200 ms to the 1IN
participants’ speech signal. The shorter delays were identical =4

T T 1

)
0 50 100 150 200 25
Delay (ms)

to those utilized by Kalinowsket al. (1996 with persons
who stutter. The 200-ms delay was chosen to be representa-
tive of a long delay that was employed in numerous previous
studies with normal speakers. The output to the earphongsg, 1. Mean number of dysfluencies as a function of DAF and speech rate.
was calibrated to approximate real ear average conversatidgfuror bars represent plus/minus one standard error of the mean.

sound pressure levels of speech outputs from normal-hearing

participants. All speech samples were recorded with a videdll. RESULTS

camera(JVC Model S-620) and a stereo videocassette re- Means and standard deviations for dysfluendies.,

corder(sqmsung Model VR 8705 .. ... number of dysfluent episodes/300 syllablas a function of
Participants read passages of 300 syllables with S'm'labAF and speech rate are shown in Fig. 1. A two-factor

theme and syntactic complexity. Passages were read at boffy . sis of variance with repeated measures was performed
normal and fast speech rates under each DAF condition. Pays investigate the effect of DAF and speech rate on dysflu-
ticipants were instructed to read with normal vocal intensity.encies. Statistically significant main effects of DAF
For the fast rate condition, participants were instructed tqF(3,48)=8.73, Huynh-Felt p=0.0015, 7?=0.35 and
read as fast as possible while maintaining intelligibility. speech rate[F(1,16)=5.88, Huynh-Felt p=0.028, 7?
Speech rates were counterbalanced and DAF conditions were0.27] were found. The effect sizes of these significant main
randomized across participants. effects were largéCohen, 1988 The interaction of speech
The number of dysfluent episodes and speech rates werate by DAF was not significaf (3,48)=1.10, Huynh-Felt
determined for each experimental condition by trained refp=0.33,%°=0.064,¢=0.20 ata=0.05]. Post-hocorthogo-
search assistants. A dysfluent episode was defined as a pdtgl singledf contrasts showed that while the mean differ-
word prolongation, part-word repetition, or inaudible pos-€nces in dysfluencies at 0, 25, and 50 ms were not signifi-
tural fixation (i.e., “silent blocks;” Stuartet al, 1997. The  cantly different from each otherp(>0.05) they were all
same research assistant recalculated dysfluencies for 109 g@nificantly less than that at 200 mp<0.05).
the speech samples chosen at random. Intrajudge syllable- Mean syllable rates and standard deviations as a func-

by-syllable agreement was 0.92, as indexed by Cohen,Fon of DAF and speech rate are displayed in Fig. 2. A two-

; _ Tactor analysis of variance with repeated measures were per-
l::fé);(ce:s:eellr;n%[gfﬁéﬁg:tsgngsgaéﬁxgge 109';?_ fp formed to investigate the effect of DAF and speaking rate on
9 ) . y T syllable rate. Statistically significant main effects of DAF
second research assistant independently determined stuttﬁé(3 48)=39.32, Huynh-Feltp<0.0001, 72=0.71] and
ing frequency for 10% of the speech samples chosen at ra@;’peaking rate conditior[F(1,16)=31.98, Huynh-Feltp
dom. Interjudge syllable-by-syllable agreement was 0.89 as

indexed by Cohen'kappa Speech rate was calculated by 8-

transferring portions of the audio track. recordings onto a —O0—  Normal
personal computer'sApple Power Macintosh 9600/3D0
hard drive via the videocassette recorder interfaced with an 74T Fast

analog to digital input/output boar@igidesign Model Au-
diomedia NuBus Sampling frequency and quantization
were 22050 Hz and 16 bit, respectively. Speaking rate was
determined from samples of 50 perceptually fluent syllables
that were contiguous and separated from dysfluent episodes
by at least one syllable. Sample duration represented the time
between acoustic onset of the first syllable and the acoustic 0
offset of the last fluent syllable, minus pauses that exceeded 4= J ' T T !
o . . 0 50 100 150 200 25
0.1 s. Most pauses were inspiratory gestures with durations
of approximately 0.3 to 0.8 s. Speech rate, in syllables/ Delay (ms)

.Second' was calculated bY dIVIdIng the number of Sy"able%lG. 2. Mean speech ratéim syllables/$ as a function of DAF and speech
in the sample by the duration of each fluent speech sampleate. Error bars represent plus/minus one standard error of the mean.

Syllables/s
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<0.0001, »°=0.66] were found. The effect sizes of these (1996 who suggested that if a slow speech rate was neces-
significant main effects were lard€ohen, 1988 A nonsig-  sary for stuttering reduction, then the stuttering reducing
nificant DAF by speaking rate condition was found properties of DAF should not be evident when individuals
[F(3,48)=0.02, Huynh-Feltp=0.99, »°=0.001,$=0.054  who stutter speak at a fast speech rate. They had individuals
at «=0.05]. Post-hocorthogonal singladf comparisons re- who stutter read passages under conditions of altered audi-
vealed that there was no significant difference between sylkory feedback including DAF at normal and fast rates of
lable rates at 0 and 25 mp¥ 0.05), they were significantly speech. Their results showed that stuttering episodes de-
greater than 50 and 200 ms syllable rates, and the 50 ms wageased significantly by approximately 70% under DAF re-
significantly greater than the 200 ms syllable rgpe<(05).  gardless of speaking rate. These findings contradicted the
In other words, participants were able to increase syllablgotion regarding the importance of syllable prolongation to
rate when they were asked to speak fast under all DAF corfluency induced by DAF. It was not suggested that syllable
ditions. Participants decreased syllable rate at 50 and 200 nmgolongation is unimportant to stuttering reductipar se
during both speech rates relative to 0 and 25 ms DAF.  but rather, when syllable prolongation is eliminated, such as
when speaking at a fast rate, the stuttering reduction proper-
IV. DISCUSSION AND CONCLUSIONS ties of DAF are just as robust and can be most likely attrib-

The present findings are threefold: First, DAF induced"t€d to their impact on the auditory system. o
more significantly more dysfluencies only at the longest de-  How then can DAF impact the auditory system of indi-
lay (i.e., 200 m3. In other words, normal speakers were Ca_ylduals who stutter, parﬂcularly at sh_ort delays? Recent find-
pable of producing fluent or nearly fluent speech with shorings from brain imaging studies provide some answers. Mag-
auditory feedback delay@e., <50 m9 that were equivalent netoencephalographyMEG) offers excellent temporal
to speech produced with no deléye., 0 m3. Second, more resolution(i.e., m9 in the analysis of cerebral processing in
dysfluencies were evident at a fast rate of speech. This find&sponse to auditory stimulation. It has been known for more
ing would be consistent with increased motor I¢Atbs and ~ than a decade that a robust respotd00) is generated in
Cole, 1982: Borden, 1979; Borden and Harris, 1084- the supratemporal auditory cortex in response to auditory
nally, consistent with previous resear¢®lack, 1951; Ham  Stimuli beginning 20 to 30 ms and peaking approximately
et al, 1984; Lee, 1950; Siegelt al, 1982; Stager and Lud- 100 ms after stimulus onsé¢Naatanen and Picton, 1987
low, 1993, reduced speech rate was evidenced at auditor{lore recently it has been demonstrated that an individual’s
feedback delays greater than 25 ms with a greater reductig®n utterances can reduce the M100 response. Gatréd.
in syllable rate with an increase in DAFe., 200 relative to (2000 examined such during a speech/replay task. In the
50 ms. speech condition participants uttered two vowels in a series

These findings suggest that temporal alterations in audiwhile listening to a random series of two tones. In the replay
tory feedback signal impact the speech-motor control systergondition the same participants listened to the recorded
differentially for people who stutter and those that do not.vowel utterances from the speech condition. The self-
That is, at delays 0£50 ms individuals who stutter experi- produced recorded vowels evoked the M100 response in the
ence significant reductiore., approximately 90%n stut-  replay condition. More interestingly, this response was sig-
tering frequencye.g., Kalinowskiet al, 1996 while in con-  nificantly delayed in both auditory cortices and reduced in
trast normal speakers begin to experience dysfluent behavi@mplitude prominently in the left auditory cortex during
at delays of>50 ms. What remains is a parsimonious expla-speech production of the same utterances in the speech con-
nation for two apparent paradoxical effects in altered audidition. Similar findings of inhibition of cortical neurons have
tory feedback. been found with primates during phonati@¥uller-Preuss

Models of normal and stuttered speech productionet al, 1980; Miuler-Preuss and Ploog, 1981These data
monitoring have generally discounted the role of auditoryhave been interpreted to indicate central motor-to-speech
feedback of having any significant role or any direct impactpriming in the form of inhibition of the auditory cortices
on central speech production commands since it is too slowluring speech productiofCurio et al, 2000.

(Borden, 1979; Levelt, 1983, 1989%s recognition of run- The implications of these findings can lead one to specu-
ning speech is possible only at approximately 200 ms follow-ate that this motor-to-speech priming may be defective in
ing production(Marslen-Wilson and Tyler, 1981, 1983%ne individuals who stutter. There is evidence to suggest that this
could suggest that it should be of no surprise that the disrups the case: Salmeliat al. (1998 reported in another MEG
tion of running speech production does not occur at auditorgtudy that the functional organization of the auditory cortex
feedback of delays less than 200 ms in normal speakers. Thet different in those who stutter relative to normal fluent
is, peripheral feedback mechanistasidition, taction, and/or speakers. MEG was recorded while individuals who stutter
proprioception are affecting central speech motor control. and matched controls read silently, read with oral movement

What then is the role of DAF in reducing dysfluency in but without sound, read aloud, and in chorus with another
those who stutter? It was generally posited that the stuttering/hile listening to tones delivered alternately to the left and
reducing properties of DAF were due to an altered manner ofight ears. M100 responses were the same in the two silent
speaking, specifically syllable prolongation, and not to anyconditions but delayed and reduced in amplitude during the
antecedent in the auditory syste(@ostello-Ingham, 1993; two spoken conditions. Although the temporal response of
Perkins, 1979; Wingate, 19y.68However, the role of the au- the M100 was similar between the two groups, response am-
ditory system and DAF was revised by Kalinowsétial.  plitude was not. An unusual interhemispheric balance was
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evident with the participants who stuttered. The authors reBloodstein, 0.(1995. A Handbook on Stutterindsth ed.(National Easter
ported “rather paradoxically, dysfluency was most likely to Seal Society, Chicagopp. 327-357.

occur when the hemispheric balance in stutterers becom%orden, G. J(1979. “An interpretation of research on feedback interrup-
P tion in speech,” Brain Lang7, 307-319.

more like that in normal controls...dysfluemersusfluent  gorden, G. 3., and Harris, K. $1984. Speech Science Priméwiliams
reading conditions in stutterers were associated with differ- and wilkins, Baltimore, MD.
ences Specifica"y in the left auditory Corteﬁandl source Braun, A. R., Varga, M., Stager, S., Schulz, G., Selbie, S., Maisog, J. M.,

: . . » Carson, R. E., and Ludlow, C. (1997. “Altered patterns of cerebral
tOpOQraphy also differed in the left hemlsphe(p. 2229. 1t activity during speech and language production in developmental stutter-

has been SUQQeSt_ed that SUpprESSion_ Qnd/_or (_Jlelay of theyg. An H,90 positron emission tomography study,” Brali20, 761—
M100 response during tasks reflects a diminution in the num- 7s4,
ber or synchrony of auditory cortical neurons available forCherry, E., and Sayers, B1956. “Experiments upon total inhibition of

processing auditory input—in the case of speech productionstammering by external control and some clinical results,” J. Psychosom.
Res.1, 233-246.

and pgrceptmr‘(Han, 1990; Natanen and _PICtOI’], .1987 . Cohen, J.(1960. “A coefficient of agreement for nominal scales,” Educ.
Salmelin et al. (1998 suggested that the interhemispheric psychol. Meas20, 37-46.
balance is less stable in those who stutter and may be mofhen, J.(1988. Stati_stical Power Analysis for the Behavioral Sciences
easily unhinged with an increased work loéice., speech _2nd ed.(Erlbaum, Hillsdale, NI pp. 273-406.

dy ti g turb t . at P dict bICostello-lngham, J. C(1993. “Current status of stuttering and behavior
product ion). Jisturbances may cause transient unpreaictable p,qgification-I: Recent trends in the application of behavior modification
dleUptIOﬂS In audltory perceptloml.e., motor-to-speech in children and adults,” J. Fluency Disord8, 27-55.
priming after Curicet al., 2000 that could initiate stuttering. ~Curio, G., Neuloh, G., Numminen, J., Jousmaki, V., and Hari(ZR00.
Salmelinet al. (1998 pointedly remarked that, during choral Speaklng modifies voice-evoked activity in the human auditory cortex,
di here all participants who stutter were fluent, lef Hum. Brain Mapp 9, 183-191.
rea _'ng W_ ) p p - ’ tDe Nil, L. F., Kroll, R. M., Kapur, S., and Houle, $2000. “A positron
hemispheric sensitivity was restored. This may be the caseemission tomography study of silent and oral single word reading in stut-
with all fluency-enhancing conditions of altered auditory tering and nonstuttering adults,” J. Speech Hear. R851038—1053.
feedback including DAF. The left auditory cortex as the lo- Fleiss, J. L.(198)). Statistical Methods for Rates and Proportior2nd ed.

f di b ' fl K d th ... (Wiley, New York), pp. 212—236.

cus of discrepancy between fluent speakers and those Withngas, A, L., Bolich, A. M., Corey, D. M., Hurley, M., and Heilman, K.
stuttering has been implicated in numerous other brain imag-m. (2001). “Anomalous anatomy of speech-language areas in adults with
ing studies(e.g., Brauret al,, 1997; De Nilet al, 2000; Fox persistent developmental stuttering,” Neurology, 207—215.

et al, 2000; Wuet al, 1995. There is also recent converg- Fo% P- T.. Ingham, R. J., Ingham, J. C., Zamarripa, F., Xiong, J. H., and
Lancaster, J. L(2000. “Brain correlates of stuttering and syllable pro-

ing evidence |mpllca_t|ng anomalous anatom'y_e" planum duction. A PET performance-correlation analysis,” Bra28 1985-2004.
temporal and posterior superior temporal gyrirs persons  Fukawa, T., Yoshioka, H., Ozawa, E., and Yoshida(1988. “Difference
who stutter(Foundaset al,, 2001). It remains to be seen if of susceptibility to delayed auditory feedback between stutterers and non-

this is a cause or effect of stuttering. Further research igStutterers.” J. Speech Hear. R&, 475-479.
warranted Ham, R., Fucci, D., Cantrell, J., and Harris, 0984. “Residual effect of

; . . . delayed auditory feedback on normal speaking rate and fluency,” Percept.
Finally, considering the contrast in fluency/dysfluency wmot. Skills 59, 61—62.

exhibited between normal speakers and those who stutter amtdri, R. (1990. “The neuromagnetic method in the study of the human

the differences in the functional organization in the brain 2uditory cortex,” Adv. Audiol.6, 222-282.

b individual h d fl k . Howell, P. (1990. “Changes in voice level caused by several forms of
etween Indivi uaS_W 0 _StUtter an uent speakers, it ap- altered auditory feedback in fluent speakers and stutterers,” Lang Speech

pears that speech disruption of normal speakers under DAF33, 325-338.

is a poor analog of stuttering. MEG studies have implicated<alinowski, J., Stuart, A., Sark, S., and Armson(1D96. “Stuttering ame-

the role of the auditory system on a central level and on a lioration at various feedback delays and speech rates,” Eur. J. Disord.
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