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Stuttering Reduction Rate during Sentence Reading:
Choral Speech and Altered Auditory Feedback
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ABSTRACT

This paper mainly aims to investigate how differently choral speech and altered auditory feedback (i.e., delayed auditory
feedback, frequency-altered feedback) enhance speech fluency during sentence reading. To do this, a stuttering reduction rate
was used and measured how much stuttering in frequency was reduced during each of the fluency enhancing conditions (i.e,
typical choral reading, DAF, FAF) relative to typical solo reading. The results showed that stuttering frequency was reduced in
the three fluency enhancing conditions and the highest mean value in stuttering reduction rate was observed during typical
choral reading. Some discussion was provided in relation to the stuttering reduction rate observed during typical choral reading

and its further speculation.
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FoE TE HEE &
BOHA o|gtH A FEolA
HEAl ke WWe JFEAE H>(stuttering
modification therapy) 5°] thHEA<I Sl &3tk
(°1%°%, 2010; Curlee & Perkins, 1984; Gregory, 1997).

oA AF8E el F2 SuEsA Al
weks 23 2dsks Zolgtd, gad AN A= =
A oz FRAENE T HHE Aok 3 A =
= o8 AR &E EO0HA b= “=(choral speech)
(Andrews et al., 1982; Barber, 1939; Ingham & Packman, 1979;
Inghram et al., 2006; Kiefte & Armson, 2008; Saltuklaroglu et
al, 2009), A2le] TAxEE HnF Fe XA I 60
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milliseconds) €A 3dhHs AAHZTI =(delayed  auditory
feedback, DAF), 53 gt SEE s T AR AR

k)
i
it

o A& EA st T3 ZEI 59 (frequency-altered
feedback, FAF)¥} 22 “HzAZ3] = (altered auditory
feedback, AAF)©] T332 ¢jo|TH(Lincoln, Packman, & Onslow,

2006).

AA7A AFAe] oatd, 52 F44 £ 5
o] DAFY FAFRUT Jojzlez d53 7oz velgt
(Andrews et al., 1982; Freeman & Armson, 1998; Kiefte &
Armson, 2008; Saltuklaroglu et al., 2009). Z2Z 2ol A
= =9 4 Sades bE o8 #3448 suds
o= 7 90~100%°l °|EE TOF Zass Hole o=

YUESTHAndrews et al., 1982; Bloodstein, 1950; Ingham,
1984). AAo] 42 3= (Barber, 1939)0|L} AIZFE 0.2 X
A9 FE=AF(Kiefte & Armson, 2008)S ETFE= 7ol
2 34 SEIV UEiETh

il

WA B FAY FUEAE BTHL FHe /)8
o2 BOEEA A Baesk obd ThE AR Baelg
AgE7) WES AAH BHEABYOR AGHIdE

SHAI7E ATKKiefte & Armson, 2008; Saltuklaroglu et al.,
2009). HFE o]23 A wjTo] thE AR H4grt ofd
B ESA Al B4 E o83 RS AT
Hol] HEZ AAFQ Zolth AAFE 7|EH o=z AAle] Eaig
E AHEs] Wl wedt Y ol At Hig-
ohaFet 3ol A8 A2 S Uk B AT olg &
3} AAF 740 9O E 24 AEolA HolEs AolE F8 =
Moz st itk

3718 57 AAF 3 Afole dedtAl ek doE
st ALl o 248 E oW "P%}«] AT E AHESE

e golth Y% BaeE ASPAE BT AT

J

EA) me BHE Pa AR Aolrh WP e )
$ gl wojtigelet @ 4 Atk old@ FEisel o
S WY SASE FEAF] YT <9l WAe e

Agg o= BHEATL et BaetA Hol 2rEel &
o EThs F4< A KKent, 1984), A FYHEA 2=H
(medial premotor system)2] o2 IFEHE U Eo] F=ET
2 R AFo] FolAE Af E HE /‘] HQl 9&4&F
Al 2~El(lateral premotor system)e] TA|E WA Ho] YHE
o= F7HAlm, 2005; Goldberg, 1985)2 3}7|= giTh
LA Baelsh ohd slnold AZHE GE A
} 2o 24 ARY A Aols 7]'13] = Fad
+ Zolth AR F A% 1 24U E A B Ao

Pes A8 aslel oAt obs Hasl =4

YAcIet S0 M4d M4s (2012)

AR U ARY Ao)7t @ed] AFHe A=Y EA4, S
DEESA A4l F4807) ol OhE Abghe] 542
7hebe 8%00] obd o Qgjle o) WA 7tee A
2, 53] FPFAe] o)X (easiness)©] F 43 1+ HHE 7
& AR Aolg VHAHLEAE YolRuA Pt} AF7HA
&5 AAF 3t 843 S &3] Aold dig AFolA F
2 Y9 e 7HYA7ITHKiefte &  Armson, 2008
Saltuklaroglu et al., 2009). YR O 2 23l HTH= ¢]7] oA
o5 HE7F didoz Al YeRdthBloodstein, 1995).
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A, AFnet 2 F o B39 FHo AdojFgAdAA el
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e Ao ® golg FAet & 4 ok shAIN, gjojok
ke A Ao EaH(e: 30024), YRtz oz FHo] FA}
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17 2T A B Evt A" E o &l
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Ast=215 ATelEs Bart Aok skt wkef JiF o=
TS FAdA F A8 3 DEE DA AR Aol W}
7F AT Ao ol REEHE
X & shte] S8 MR E 5
of £ AT AALEESAR sto= Y7 &
A EX=rt A" FHH R golg £F ¥4
22 ol A & z
Apol7} A=A S YolH 1Al Tk
B Aqte] AR o3 2tk AA, ANke]7] 3K (typical
solo reading, TSR), ¥ (typical choral reading, TCR), AAF(=
DAF, FAF) 1t ZT& Hlgo| ztol7b dAst=r1? A, &
A3 7+ D E 7H2E(stuttering reduction rate)oll zFo] 7} BHAY
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A7) HARAR Frletact. AdoidAs AdAES 4
HE& 7ML glom AelH, AAMA, 76]-]';(4 Eol = 18
Al olde] Aoz Atk =ik AJMA AHS T
oz #HZ2d T 1°ﬂ7é7b4““(DAF) Ee Tz
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FHX](250Hz2} 4000Hz -7 A
AEE BHYI S6& 2E2Z FoA 250Hzol A
30dBo] AHS Btk ALPAEY ofFolsiH 3 ¢)7|sH
H7HE 98] 13 o132 2 A{Peabody Picture Vocabulary Test,
Third Edition, PPVT-3, Dunn & Dunn, 1997)$} F9AH =4
AH(Wide Range Achievement Test, Third Edition, WRAT-3,
Jastak, 1984)E AR A3}, tdat 25 A 2] 0159
AT erleds 7HAA A AF didAES 2uEd
e vFAAEe] ZxAR e Hd 2 7HA FA:
HIol B Qs TV T2, FHupg oy, 719 ¢
= 938, 9l dsl 108 = AFEA LeEE o

T3, tisks Z85o 734 FZH(0 = no stuttering, 7 =
extremely severe stuttering; Onslow, Andrews, & Costa, 1990;
Eve, Onslow, Andrews, & Adams, 1995; Onslow et al., 2002)°
oA 2HE s F5E BMAEE AHEEAT 7H A
RS B AAEAES AE(1F) 4%, T=EGF) 3%, AT
(5% 1Mo AGHIAT AT Al it AR= <F 1>
o AAE At

E 1 AT AR
Table 1. Participants’ demographic and test scores information

D # d A w{ PPVT WRAT ZOE IAXR
¥ ¥ d" HFE HFE FFE AT
So1 21 & 14 121 BE FEE q
S2 23 & 15 110 AY A= o2
S3 22 & 15 105 AN F5E oL
S04 20 & 16 103 AHY FTE o2
SO 2 9 14 101 AE AR oL
o6 62 o 18 100  AY A% e
S07 20 & 15 100 AY A= o2
S8 32 & 18 100 AY A= o2

PPVT: 3|H}t] 13 o] 3] 2 7 Al(Peabody Picture Vocabulary
Test, Third Edition; WRAT-3: 3433 =7 A(Wide Range
Achievement Test, Third Edition)

h=

T AP /1A AZ T2 U3 A2ty A8
2 A = d1xE 601 242 4 Uo] gl A
olth, FAFAE AA 240708 EAG60ER x 47} Y74+
he SI=E QFEAT /A er)dEe dukExlely]
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(TSR), LRFA=(TCR), #7421 E¥(DAF), T =
WFAF) .2 drh 343 eAe 43 |
2292 Al 721y g2 AR AAEH L
Al AR ZF A3l et d2A AA ST =S oA
A AR} v AP v IS Hashskr] As) A
s 5 & ThFSt FAl|(sparrow, Valentine's Day, Spiders,
hibernating animals, baseball, rainbow)oll thet UFZFe] =(H
T 2552 4 Ho] ¢=E ok 2 AF A U
A < 2>94 AFsHATh

Olr
—|—‘

2. 494
Table 2. Experimental speaking conditions

A4 79
ARFEAE] 7] 97194 3 5ES A7HEd A
(TSR) ol AFHA Fe= AF
ANk A7 B o2 AR 9] T
(TCR) 285 Ev A%

AdR I =Ew | HA Bt AR LA E F
(DAF) 2 AAE= 75 ms) F E= A3
Fordzg e 7R Fb 3 SERE(octave)7t

(FAF) Fedt Aale] daElE EE A%

A7 BFCET Aol 195/108D) TAA BR=(TE,
of|: The children with Benjamin will perform the musical on
Saturday; Melody enjoyed painting more than any of her other
hobies)”t BAIE oud, E&HCFE thtdt 607Me TS
7} A3l sl AAs At dAelA SEFAE &=
n=gols AHgshs Aldoder st &4
&= 9l 3 WAoZ dojHth DAFE ¥
Wz glo] AAZeR T5ms A|dE Ao Ha
AR/ Tsms o= AT olf= A7A A
DAF 7hedl Btz ez 7 w2 #3834 S
GIE Hol:= A3lo)r] Fo]tk(Lincoln, Packman, &
Onslow, 2006). FAF= AlZH2] A|d glo] Apile] Saejrn}
g SElH(octave) ¥ AW EXE MY Fut
o] 7H("The sentence you have to read is..." AR o
500ms 2ol FA(pause)et A A AP dArE OA
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(Dell Inspiron, 2200) Skoll kol 47kx] A=A A3
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AL 282 JAth TSRS AL 3712 A4l A
THE A4HA AT o] E(Logitech Premium Notebook
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Headset)y= 53l &A3 Al7](75dB SPL ©]3}, Rami et al.,
2005)2 A A GA A oF 20cm ozl A4
vko] F(Shure, SM 48)& TAAZIIL AP FA W3S

=557](Sony DTC-ZASES)ell =53kt 484+ Fd& o
A" =&7](Sony, ICD-P320)2 o] &3 F712 SA4S 53835

Sy, A9 A FAHES YXE7lvHCannon, NTSC
2R6SMO)O =&atdth A 2 F3r Mz Fi8 A
A7/ A 27| (Basic  Fluency System, Casa Futura
Technologies)°ll |3l Hz== o).
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%O‘E} Zt AgggeA Bole oh
397 HAolA EAsh=E

T &8l 60EA AAS F SH4H(1140
TR e £ 100S F3l Abetdch =38 TSR Bl wst
o] TCR ¥ DAF, FAFolA EA3t= L5 A4 AEE
Arslr] $13%F BHE A E(stuttering reduction rate)©] ALk
HAt}k o]= TSRY ZHEE X9 TCR(EE DAF, FAF)Y
T E W= 203k TSRY ZUHE HEZE e ¥ 100&
=3 #kelth

39 AAIAEE FAE AAS 4 ARAAFolA T
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ox
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SRR

AFEENS 93 FUBASE AN AT 2 U AR
712l @ w5 ieke) Qojyelst mavt Helsigih HAA

AR 2 APhFALEH)E Qs 2y
= o8 A EAH(Conover, 1980)5S 1133}
BET B At v EFFANE ARSI 47HA
A oA U E 189 xlolr} =R S dolr ) ¢
7174 W (Friedman test)©] A8 E a1, AL34
B339 77 H(Wilcoxon signed rank test)©] A}

SA7A L SPSS version 19.00] 2J3 £4F
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<E 3> 471 AP AFAEA ARl dHE
H &S Yehiie, <O9 1> 4343 me ddida A
Aol Hg BHE HEE Holgnh 2HE M8
SI7I(TSR, 3.42%)°1A 7 =343, oo AAAQzy =y

YAcIet S0 M4d M4s (2012)

(DAF, 0.45%), T3 23 EH(FAF, 0.36%) <22 =30t
71 @ SrE &2 YEHES(TCR, 0.28%)°1A YERS:
=3

AEFEN FUE v Alolg AR flste] ZEl=
T ARl AAEUT AAAT, 4714 AP A 2w
E g fog 2ozt YERITH () = 16.32, p < .001).
ARAE el Fo @ o7t AeAE 2AFS] 918t €5
o9 AAHE AAEA, oleldt AR e fol
<2 Bonferroni Correction®] wWe}t F Ha3FE 133
167(= .05/3)Z A AT WA TSRY TCRe| ZHE Hl&
< vug A3, T AFAFANA fFofdk 2polvt UrE}k&ﬂ(Z
= 2521, 012) o] TCRoIAH THE n]&o] &3
= FEA=o] BuF i AN IF

< HA 1L 91%5 HojEh TSR DAFS] LU E Bl&9| H|
o EZF F3 Ao|R(Z = -2.524, p = .012), DAFOA Zr
F Hlgo] 433 AN S-S BHoFErh TSRI FAFS 24
S HE o= {F3 20| Z(Z = -2.521, p = .012), FAF9
Al LHE HIE0] 438 ZAEESS RAETh

TSR¥} Hw3dle] TCR, DAF, FAFolA ¢ HF U E 74
&8 =AY AAEFL TCROIA 89.03%, DAF)A
82.63%, FAFOlA 85.52%9] LU E ago] Yehyth ol&
TCR, DAF, FAF9] 3714 Az BFdA & HEE @
HSo] 7hAaslg T, o] & YHlEtEdA dos 7hart tha

A
= HAFA gk <O" 2>% 371K APl A
7

E 3. AP e A7 ¥ 2HE HE
Table 3. Each participant's rates of stuttering-like disfluencies

A

AT E=

TSR TCR DAF FAF
S1 3.41 0.27 1.07 1.43
S2 0.18 0 0.09 0.09
S3 1.88 0.81 0.18 0.18
S4 1.70 0.09 0 0.08
S5 457 0.90 0.63 0.99
S6 14.52 0.09 1.61 0
S7 0.26 0 0 0
S8 0.81 0.09 0 0.09
AAHEA 0.39 0.02 0.00 0.02
=9 1.79 0.09 0.13 0.09
AIBARES 4~ 428 0.67 0.96 0.78

TSR: Y¥FEALQ)7]; TCR: YHWISHE; DAF: A3zt e,
FAF: 38z 'E%‘
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Figure 1. Rates of stuttering-like disfluencies under
experimental conditions
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Figure 2. Reduction rate of Stuttering-like disfluencies
4. =9l 4 A&

e THSEH A Anke]7|(TSR)9} wla
o2 747} H(TCR), A9 79] =H(DAF),
FoTAZY EWFAF) Y 22 AT SHll(AAF)OA 2
Hl&o] ZHAdqitth ol =4S, A3 4AS, F3
e S48 A4ASE ATYS I ¢
238 BT A &
T ok B3 FUF T4 AEE Uehle 2UE Z4aEd
Uo1X = DAF, FAFS} Z& AAFOlA BT FSoA tha &
2 agol UEyth ol dEAFH i old AF
(Kiefte & Armson, 2008; Saltuklaroglu et al., 2009)9} 53
ARz 53] B dTolses 7] £FH SA BRETE §

X
2

Y

113

AR F O §ol@ £2 BAWINAE FEAT] of

A3 =& Y SHEAE Hole ACE Uyt o=

& ofugke e ANk Adte @

al., 2004; Kalinowski & Saltuklaroglu, 2003). 14| &3k
28 AFYo= Esla o §53 AAF 7+ IoE

o o] ol7t Yeh =712 Ao AdE EAF ol
=8 ALl EiE FEAFE AT AS(Kiefte &
Armson, 2008)9 = AAFRUTE Athdoz £ s Za
&5 Holerl? old dig AR o AR AFHe day A

=9 =Y A(independence) AF-¢} FHAH 4L & F U
(Kiefte & Armson, 2008). 7Aoo =2 T3AHA, F=EA=2

H71HAE FHste A, & DU ESAZRE &
o] =Yg 229 B AAFE 718 Z o7 drEsa A
o BAFE AMSE] Wil SAEREH 282 e A
Folghe= Zlojth. AR E SHH d=ATL E5ho Azt
ZHtiming) 9t #HE HBE A FHF= 279 “viar e} &
2 IS she WM, AAFY Agolle AAIRE S AAle]
2485 AMESH] Wil ) Al AZHE ARl As) «9f
& oug A7 AFE AFHE F floke AITHAI,
2005; Kent, 1984). o|¥] #eto)| A 2] HAE
AF082 AHgsAY A" A5E 2e AS
2 4O EIAEREH SgAc] FAH] wiel
d=aHR Yeidtn & & ok § yolrt o
AR Ayor WHELS Axte #AH
(Alm, 2005; Kent, 1984; Perkins, Kent, & Curlee, 1991), A7t
2 BAAZ=E F Ul FYH-&E A 2" (medial premotor
system) e Al & & e, F53 2ol FARRH
P39 7 AFo] FolAe AfollE tE E shte] BAl
A 2E’Ql )= &5 A ~Hl(lateral premotor system) 2 WA
HHA "HEo] idrhs Fo] A7 HATHAIm, 2005;
Goldberg, 1985). T T2 Aoz UHES w3l Azt
A F2 YelEt|(Bloodstein, 1995), §53 €8] AAFO|A
T QEHESAE 9 WEE AlFoksle, o2 Qs wE)
ANF A= obrd B4 A5S B F jlte a/low
DO E T4 AE glo] v vjES Blves FA=E Stk
(Saltuklaroglu, et al., 2009). o]& AHAlY FAFJZF Ee
E A Hagfrket 22 Fage 4 daglel AT
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olgt= FAoltk o] s &9 “A-&417 A 2B (mirror
neuron system)¥} #& = ’1‘_]75“313]5”4 Aol AFEIL ok
(Kalinowski & Saltuklaroglu, 2003). &% o]gjg o8 4=
of tigk & o AFHA ATsc] gHolor & Aot} n}
Ao 2 F=o YA A8 A= EFsta Aptshy
FEOE JHos gold B4 e TAI Gl A
g 538 FFAFE AR AA Q= Agl & 2
Zlo]t}.,

& d7es 2 A S9N S 7R . A, A
F(8%)9 LHEAE deR A4PS JPFPth= Ho
=4, So= AQdsta B AT FZriek PR 2
EA71SRH(TSR)CIA & BHE Bl&o] Hlawd F4] Wtk
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=S £ 4gel W 4P DHEAAE © 19l 3
o wg} TEE REE 23S o e AolE E?J_ T
Ath= S FX5HH(Bloodstein, 1995; Bloodsten & Bernstein

Ratner, 20060), 555 13 ot Do EsAE dd2
2 g d97t Zesita stk Ve Be a9e 2w
=2 2HE HL9] WHol(variance)t #o] At} o] o]
2 B dFdAE BAY EA4E NEFEARCE £33}
Atk w2 @, #4, 7A 5 ¢EEH B
E 183 FYAA Y Sold A= WE HAg B3lE
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