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Abstract

This study examined the characteristics of linguistic prosody in terms of cerebral lateralization in three groups of 9 healthy
speakers and 14 speakers with a history of stroke (7 with left hemisphere damage (LHD), 7 with right hemisphere damage
(RHD)). Specifically, prosodic characteristics related to speech rate, duration, pitch, and intensity were examined in three
types of interrogative sentences (wh-questions, yes-no questions, alternative questions) with auditory perceptual
evaluation. As a result, the statistically significant key variables showed flaws in production of the linguistic prosody in the
speakers with LHD. The statistically significant variables were more insufficiently produced for wh-questions than for
yes-no and alternative questions. This trend was particularly noticeable in variables related to pitch and speech rate. This
result suggests that when Korean speakers process linguistic prosody, such as that of lexico-semantic and syntactic
information in interrogative sentences, the left hemisphere seems to be superior to the right hemisphere.
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1981; Tucker et al., 1977). 3FAIRE Ao] 2] & A2l glojx+=
Ao gzl @ B4 gk slek dold $-gAelo]
B QAFEE 1) ST 4 BAE AolH £ Aol &

A7} ¢l Th(Behrens, 1987, 1988; Ouellette & Baum, 1994)= 7%
3} 2) Rk B4 EApe) Rkt At B doj A i A
2ol ZA17} 3 thBalan & Gandour, 1999)= T32 & 5 &
] T7ubell =R 1) froll whet Hkhe} koA AR
FLEAOR Ash= A7t thErhs A7 AdE BE S
TH(Kreitewolf et al., 2014; Meyer et al., 2002).

<2 (cerebrovascular accident, CVA)< A7 A of ujz}

Fyto] w3 = 384 HZEF(ischemic stroke) ¥} = F o] E]1X]
+ 234 ¥ ZF(hemorrhagic stroke) © & 7% THKang et al.,
2005). =8 ¥EFS 53] ™ 5 (middle cerebral artery,
MCA) % 7] A &(basal ganglia, BG) <=/3¢] W2 ]SS 21|35}

3L 312 (Noh et al., 2016) ©] = 3] Ao} o] 25| &
oF7|AIZ 4= itk W 9] o]l whe} 3] (cortical) HEF 3} ]
A3Ksubcortical) HEF o2 FHT 5 Q= 2o A
714 &3} A/d(Thalamus) ¥} 22, MCAZH-E] 248 22 &
ol 71918 Aok B = o] QIti(Lin & Marsh, 2021).

oA & Aol AEE v/l A2 &8t J oA
o]Folfom FA7t4 Hrtel wste] 7154 AreH 4
“H(functional magnetic resonance imaging, fMRI; Kreitewolf et al.,
2014; Meyer et al., 2002), SFAAZ &5 2% S (positron emission
tomography, PET), A+71 ¥+ 3 74 9] (event-related brain potentials,
ERP; Friederici & Alter, 2004) 53} 22 71719 AF-S 53 =}

ol 3t ] A3} HES-S BusSiTh ol Al 9t AT
5o 0T 5o AT Fu Aol BYARe §

Fof whg} T2 thal K 3158 ThKreitewolf et al., 2014; Meyer et
al., 2002; Poldrack et al., 2001).

Meyer et al.(2002)~> 21014 & 2] 2] A A s}(lateralization)
£ 2714 (perceptual) I oA A R 7] 930 1) AA 82 <
2 2) EHA R AL oI ARE P It §le
A3 EHA R N S Qe 2R A E Al 7] e

& MRIE o] g3lo] Atk Aas), Bz oz 4T -
Sl 3) g B¢ FH9) - STR(superior temporal

gyrus) Qe ollA Ads] oFst i 243} wk-go] vrEptA|RE A
& o2 91 STR 3T 557 8 H(planum temporale)©f] A1
v ZstAl &4kl o] Ade S5 Bl 5% AT el
718291 9&-S 517] WlFY 4= I ThPerry et al., 1999). ERPE
o] &gt AT AN E S5 4(pltch contours) 2] 7}t 2] &]
g} ¥ k9] A2 (bottom-up) A ElE PRV FRESE
" o] 3] A Z(lexical tone)«] - 52 (top-down) A 2]+ =}
L=8oh 3l 3l Th(Shuai & Gong, 2014). 3 A2+ %] 2] ¢}
A ATE F AP Ao &S FE N
H}:rLﬂ zaZaAy ‘ﬂr‘:J 7154 &g ot
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*ﬂo}i AL, 4 1%@ AE Az= 2t
45 3lal Q) Th(Friederici & Alter, 2004;
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Kreitewolf et al., 2014; Meyer et al., 2002).

A&7 A &2] A Z(perception) A HF} ATE
a2 Q= HlE ARl & sHABelyk & Brown, 2014) t H
Az AFFET SF99 FA4AT doo] FrFolgh=
&5 A g 131‘/]'31 TR AL AASR} v
Eo] Ao FE3H= =4 3l(localization)Z= o] th. ¢
oahd gIAZ R S olA o] F 71| & A Zo] EA)
=o] A 2] = A7 IFG(inferior frontal gyrus, o2 o]vrlo] &) &
U-oll .3+ 2fo] o] Ql=d] HA 282 IFG =& F-(pars
orbitalis=H.Z =0 470 g oS A 7= A 2L, Aol
52 IFG Y7l H-(pars opercularis=H Z =1} 440 ) S &
A3tA7= A drka skglck

Gandour et al.(2003)2> &7 Wl A1 4 282 2HH < u}

o

-

£ o) AASE ATt Solsh ol e R
JZ(tone)2] =7A4Z(local) G} & K(intonation)2] A RFZ]
(global) 99, 18] 31 S5 & (pitch contour) Aol 28-S F

of thx Rt HASE ARkt 11 Ay Ax A= #nt
Toll A -AIEE RE, ok el kel AR A s B

Atk THj= AR @8 e TEst R A7 FH A
2 SHelA Fo3 7o S ek 7 SJulellA FHukat -4
A E AAE = 3E A Ak o] AFelM = A= A5ARE

o S8 A FAW] gh A3 QA 822
Aol 27 GBI} B 2 & AWA)IA ] Aol
2 9Je.

Behrens(1987, 1988)2 o] 714 ¢}
| 7% (intensity), A EAIF 2 S5
7y o siatel thEA) ok A3
?01]*1 AR50 7 W9 E ghete] &
&AM AFETE S A SRRk Blas A, 21 el A
E 228k QlojA] 87 ghatel] vl a) -uk
A7} ol % et Zé_ﬂr~ LH‘%M 5, PR &
= ol F necy A
A=, ?TOM TETrEY & *P%S @JE RER ]
A QBT A 9
o} oW A XHE}OH 3l E5T F Qe AEo] AlskE &
S1THBehrens, 1989).
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(Weed & Fusaroli, 2020)°1 4 - =W¥o], o] 183 F4
(pause) ) B 5= L= A 4‘}\] 2 ¥ol WFE HEE 49
FRbES SAbe] SRt A o drEths Al 2
AA 2] F FA4 A& o] Fivhs 548 Balskal vk A=
o} AR =, ST AEAI 22 FHg xfol= glgle
L, Aol EHA 0 2= 9kt B4 A7 ik &4 8k

o v]3)] 7 WMol Al stk Z @ =0 213 {nie ma (there
is no)} & o83t A (714, &5, ) AHE A7 (Guranski &
Podemski, 2015)°l| A<= 7]2Fak Wol(FF=0AY), 5% 4t
#h, AAEs) AS AT S e AT, 2dEkAtel vls) -ut

4 A=Y 71EFIE WolEo] fostA Ao S5
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A o] RS Al sl vk Al Barskgitt.
Lee(2010)= &5l 7k 329 w4 AF
o A} A &t} s
F2] A9 {a) Holrhd= G At b) oPA7F YEl=
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1) CT(computed tomograpy) H:= MRI(magnetic resonance
imaging) 52| %A} 284 WS o] g-ato] Al S
797 AR 2 HE HEF AR W A,
2) FHH = Qw2 S W 7)Ao 4] 217 5]
& Hol= Ak

3) K-NIHSS(Korean-National Institute of Health Stroke Scale)=
B7FE 55 2ol HAHK-NIHSS 07) 78 = (K-NIHSS
13)¢] =45 wol= 7k

4) K-FAST(Korean-Frenchay Aphasia Screening Test)= 3 7}-3F

ol Aol HolTol A b AK>257
[644] P]7H, >207[654] ©173)).

5) K-MMSE(Korean-Mini-Mental State Examination) % 3 7}-3+

AAF7 A QAA A EAFo] S HA] k= ZHK-MMSE

1. 78733 oA A B
Table 1. Information of normal (control) subjects

No. A sk
N1 57 BES
N2 54 =
N3 63 738t
N4 44 EES
N5 37 g
N6 54 BIES
N7 50 AedZ
N8 56 =
N9 49 st =
E2.H9EF A O SA AR
Table 2. Information of stroke patients
o] 1 ake | K- K- K-
No.| = i [pait =0 | g1y
ola| ¥ | wg 77| ™| rast | MMsE|NHSS
. |LtMCA .
10 | 2=
L1 | 55| Infarction B.G/IC 2;10 = | 26 28 4
L2 | 55 |Hemorrhage| Lt.B.G | 2;4 | 31& | 25 25 1
L3 | 55| Infarction |LtMCA| 2:4 | 11<| 27 30 2
L4 | 67 | Infarction |LtMCA| 1;6 | 5= | 29 30 2
L5 | 70 | Infarction |LtMCA| 0;3 | 13| 25 26 1
L6 | 62 | Infarction |LtMCA | 1;11 | 2Z| 27 26 2
L7 | 57 |Hemorrhage| Lt.B.G | 1;3 | 1Z&| 26 26 4
. |RtMCA .
. ey ==
R1 | 48 | Infarction B.G/IC 2,7 | A= 29 30 4
. |REMCA| | aa
R2 | 55 | Infarction B.G/IC 1;3 || 28 29 2
. Rt.BZ _
R3 | 54 | Infarction B.G/CR ;8 | A= | 29 25 2
R4 | 57 |Hemorrhage| RtB.G | 2;9 |th&| 28 30 2
Rs | 69 | Ifarction |"SMCA| 2y |2z 27 | 25 | 4
B.G
R6 | 87 | Infarction |RtMCA| 2;5 | & | 22 24 2
R7 | 68 | Infarction |RtMCA| 0;1 |2&| 29 29 1

MCA, middle cerebral artery(5 ol > 5 2); B.G, basal ganglia(”] 4]
a); IC, internal capsule(*§3£); CR, corona radiata("JA}34); BZ,
border zone(7d 7| 7<)
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2.2. A+ A=k

2.2.1. &3} 34

Al 2 )=l 2 gl E HH
of st olelgg =4
tjel] wha} o ke o] DLEH’E‘ ? e T Al 7] GRS
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3h= «HAP O, 2) & U FLE £+ ool oFE,

| EA} T3} ol of] 9. I BF-S A2 u}é Am& il
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Q0 AE EwT AR Y ‘HUIE ’*017] R
TS A S 218 ARl el 5] S S = A
o YEFS vH Q7] wE ](Jung & Seong, 2007) Aol A
42 N5 02 AABESITE Kim & Seong(2014)9] A8 A
ofl Al ARE-S AFAE = Bl o] ol 2§Eo ==
Aol EF1o] glo] S3tAo] golsitt & AT A3 2713
71 7 gk Ego)7] wiite] AR R Atk AFEE

7k O] FAF R 7t ehE S WLk
L} of ol @ o] B ) 2l S w9
ok A g ol vy ghaS wuhe, oh W Y-S Huker

222, 55 33
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3Fod thAkx1e] 9] © Z H-E] 10-15 cm 71 215 17 44,100 Hz
%8, 16 bit A3} 27 stk S FAo] TS

N

3 2olAX) 4L AR AV AAzele 98 74 19

tlo

X}E% kPhonetica 2.08(Seong et al., 2019)<- ©]-&, A&
=9 3t} o3 Praat(ver. 6048, Boersma &
Weenink, 2019)4 TF AR FF #olEH(labeling)©] ¢+

AR HolEE ASARE S5, s E FPAFE ol
3l g, i el A AR ATk

SENTE, A ERolM s A5 2709 &7 Y elA
initial regslope(%i“WH &7 g 37 71€7]: Q1) 9} final_
regslope(PHA1 9} & A% &7 7127]: Q)E AHE-3F3 o,
8o HE AR At AEE T oot St w4 A
A, ME S, T3k R G ollA] speech rate('T S5

), * dev(standard deVlatlon, S5 2 75 BEFHAR, * range(+
= 9 7% WS, nor *(normalization, &% ! A& g3} W
&), reg_*(regression slope, 1% 2|7 7]£71), diff *(differential
slope, ¢1oF Wl W3 7]27]) 52 SEFHTE AT
(3£3).

Wil E = HARkA ”L#E(overall speaking rate)g]r FS &
(articulation rate) = tH7o] #-4 =] A= FA (pause) 5 ¥
Fstal, v 58S AA £ ASARIOE e )(Ol‘j%
FA= FA(pause) S A28t v TS AA 2 A5
ARFO. & LR gholt), B3l Xﬁﬂ el oigh @ $1x]of u}
E4U14 AEAS S48 oA 3 {4 B (voicing
pulse)7} 100 ms 0]/ B F7H& FAFIHOE A7 sto] &
A, Pol B s thMiller & Schwanenflugel, 2006). F5H 3}
T o5 ¥ ARl BFUAE glo] E45 WAt At
9 7S W)= A 3] Wi H gk gk &
Els s} W B gkl dish S5 52
3} 7)o rjl.(/\] 1.

senPitch Max

1 = PG —
senNorpitchMax = 100 won Pt ch M o

o]k 37 71871 Als WellA 473t
o T = T Ik ghy) o] Aok 2 Ze el o
A

L HEE ol&ste] 27 4l AR-E= A Al (least
square) O % -3 grolth(A] 2). & )M 2= FATE AIZE
SRIE Fghol il y& Fab Fgtolth 4 71 $3kel
BEFo] Sl vk 2% HolghsS Euska AR sk
ol ARFE V&7 7t A= e e Bddlleth HA
AT o) gsto] Fahel UA| LEH WFES GEZHE
V LAE HE AHE Fobd 5 = Aol gk
e -2)y-1)
Reg slope = T;)Z)y )
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u] & W3} 7] L7 (differential slope)i= A8 399 mjx|ut
A ZE FE ol A Al B SRS W Zh(f2-f1)S A8 3 AR

HA duration) &2 WE -84 7id 2] nldi 71%7] gholth

3. 240 o] g8 LA
Table 3. Acoustic variables used in analysis

it
o,

L 5 <=
o o T

overall speaking rate
articulation rate

Speech rate

T
empo initial word relDur

Relative durati
clattve duration final_word_relDur

senPitchDev
senPitchRange
initial word PitchRange
final word_PitchRange
senNorPitchMax
Pitch initial word NorPitchMax
initial word_NorPitchMedian
initial word NorPitchMean
final word NorPitchMax
final word NorPitchMedian
final word NorPitchMean
senIntDev

Standard deviation

Pitch range

Normalized
variables

Standard deviation

Intensity range senIntRange

senNorIntMax

initial word_NorIntMax

Intensity initial_word_NorIntMedian

Normalized

. initial word NorIntMean
variables = N

final_word_NorIntMax
final word NorIntMedian

final word NorIntMean
initial_word_regSlope
Q1(2)_regSlope

final word_regSlope
initial_word_diffSlope
final word_diffSlope

Regression slope

Intonation
slope

Differential slope

23. 377 37h R A
S8 0] A 7171 51 ol
S R
B ) 5 el ol 0 57
7} Z7Vskeitt 2w o)Are] QA E ) 25 o) L_/] o] A}

AAZE A8 Aot} & H 7}l 9A] Praat2] experimentMFC
A7 ENF AT AN AN %51 YT o A
AdE 7H ), 2 B 7kl Eo1 2kt

o

oo
Ho

HE E1 Yo XAME S e = WIS FAL.

3 ]

2% 1. H A7} H7}-8 Praat experimentMFC 3}
Figure 1. Praat’s experimentMFC screen copy for auditory perceptual test

A3 A= B A EE B7FeE] 218 dummy A=
6715 Egrsto] 4 T 27709 54 A== A E 1AL, 23]
Hhsato] AlEY] wiel & A= 22 54w dolth F7kak
oA SAARE 3 %2 A1/ (naturalness)= 57 HEE
B7Vet e shelvk A3 ] s vl FArd e w 17,
FApA e 5 27, WS 37, AR 44, vl AR
2le st 1™ ).

7 AR A1 2] 2] 7, Spearman's =] ¥k A A7, S

A} S E5(r=810), oll-0FH @ 2] (=870), A1 O] F(=835)

oE *szﬂ Holr 23k 3 (p<.01), ZHut Al <
Al QJEA} O HE 841, -0l @ O] -5 902, A B o] 5 885
o AAEE 01111 5 598 thp<.001). B7HARE A E 5=

9] 79 ICC(intraclass correlation coefficient) 5= =(AMI) 9}

GRS (SMI)7F Q)AL O F-F(AMI=719, SMI=339, p<.001),

ool @ o F-F(MI=833, SMI=499, p<001), A& &

(AMI=845, SMI=.522, p<.001)©.& L}gkc}. QIuba] o =

E7h03 oldo® vhe 7R A E =E ole Ao R et
Sk = Q1 TH(Lee et al., 2010).

24. 57
SPSS version 24.0(IBM, Armonk, NY, USA)= AF&-3lo] %4
sheleh g7 Ao] AR EE o] F A ¢o g A%
242) A(Kruskal Wallis) 744 0.2 Ak 7+ H4 =922 4
5 el i}°17} == ®ge] oiEl oAl o AFRe)
=TT R Agketal A A] kA OEA}%
é 2 SEAke] 7P Bl A
Tukey HSDE /\}%—6}1 Saito] 7Hg E ] ok -2 Games-
Howell& AHE-8F3H & ]
$13ll Spearman's =9
skl om, Hrlal 7k AlF T ICCE o] &3k T) o oF AH91A]
o thgt A2 Bt A3 siA k] siA FtolAle S
3k ar 7 o B e Al Ak @, A 5
T-EH3t BPASe Aol e A RT) flete] ddEAt
7}

gul e}
-2 3} Bonferroni A7 78-S A A5

oX > M
ox I o Y 1x

tlo (&
ol —D'
ﬂll

_,d
w2
oo
~
_,d
ot
}L

o2

o

r:i

AAE
1A

)

3.9+ 4%

3.1 o FAL &7 ool @ O] 8
311 YEAL AEE T o-oly @ o FE | LIH S
AEAEA

O AL T ol -ob @ O8] A EAIRE A A, T 4
N F 2708] ST ]38k 2lo] & B 3ATh Overall speaking
rate(p<.01) 2} articulation rate(p<.05)= T 7l &% 78 27l
A A 23 Apol 5 BAATHGE 4). o9 Z}O]—% Hl &
& poll tish A A T 5% W B N 34
SA7E 74 ShAtel] vl el ek ) =5 th(p<.05, T1H 2).
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4. 9 BA | BRY of-oh] 2 YR ES| WelEE P RE L B
R EEERE R AEE DR PRS-
Table 4. Kruscal-Wallis test of speeech rate, sentence initial & final word
relative duration ratio regarding Wh-question and Yes-No question

5. 9 BAL B8} o -op) 2 o BE| £% W
FF2Z g =244
Table 5. Kruscal-Wallis test of pitch relevant variables regarding

‘Wh-question and Yes-No question

2

T X df'| p-value s X df |p-value
Overall speaking rate | 5 &+ 0419:] ;Ej]\]—& zggi ; g(l)z:* Final word PitchRange| 7] & 01]9:] OT";:]:]—& Zf?; i gzi:
Articulation rate | & C;_J 0%3}3 Zggg ; g?zi* Initial_word_diffSlope | % &F oqﬁ 0_%13}3 2322 ; (1)2213*
Initial word_relDur | % &t oﬂg- ]0_%:]-3 (I)ZZZ i g;j "p<.05.
Final_word_relDur | 21 offél; jéz; ; :i ;; wha f_pitchRange(a) ynQ f_pitchRange(b)

p<.05, "p<.01.

whQ speakingRate(a) ynQ speakingRate(b)
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Figure 2. Box plot of speech tempo regarding Wh-question and Yes-No

o) Wl &= A
L=left hemisphere damaged

question (median, quatrile, maximum, & minimum; L=left hemisphere
damaged patients, N=normal, R=right hemisphere damaged patients, the
same hereafter) (a) speaking rate of Wh-question, (b) speaking rate of
yes-no question, (c) articulation rate of Wh-question, (d) articulation rate of
Yes-No question
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Figure 3. Box plot of pitch variables of Wh-question and Yes-No question
(a) final word pitch range of Wh-question, (b) final word pitch range of
Yes-No question, (c) differential slope of initial word of Yes-No question
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6. 9 EA} S 28T ook @ o BE
FoZ g2 44
Table 6. Kruscal-Wallis test of intensity relevant variables regarding

o BEws

‘Wh-question and Yes-No question

final regslope(Q2 slope) & & FF A8 o 7ol A k7t
el gk xfol & Ho| x| SITHEE 7).

7. A E YRR SET QIEF (HUha ) Q&Y {Hvha}h)e]

S FHT — X df | p-value 3|7 7127 B4 A}
senIntMedian Ak SR 10353 | 2 | 838 Table 7. Kruscal-Wallis test of intonation slope of Q1 prosodic phrase
Oﬂv';l’q f‘ 1.642 | 2 | 44 (sentence medial [mannajo]) and Q2 prosodic phrase (sentence final
oA 559 | 2 | .061 : : : :
IntD FAR=S = - [mapnajo]) regarding alternative question
senintev S o 2 6565 | 2 | 038
o] AL | 5.504 | 2 | .064 SR : -
senlntRange A0 o] A o ST X df | p-value
ofl .ol 9 (3528 | 2 | .171 Q1 regslope Ao 4.834 2 .089
O FAF | 5736 | 2 | 057 Q2_regslope i 2.486 2 289
NorIntM s =
senNorintMax A o e 5724 [ 2 | 057
O] &AF | 6464 | 2 | 039
L 210} i
initial_ word_NorIntMax |5 & -ofU] 3301 | 2 | 183 3.3. A2 97}
o] B - ._‘
initial_word_NorIntMedian | 3 T+ oﬂ’]oij}g 01.32614 i ;;12 O|RA} O] BE w3l x}=o] ook 2}l S HIIA}Eo] 57
STEA Taias T2 | 12s Az A2 BoreE Aol e Aol AlF AH S BAL L
P Z Td' T - - -
initial word NorIntMean |7 Aot o] 3495 | 2 | 174 7 90 O]Vo:]q_( 234 806, p<.05). D y 2 62 A 25k
Ol B x =) -
final_word_NorIntMax |f & cq]on}:L]}g (2):22 z égi 2 2170 A4S 23] WbRShs A2 H7F Adeller®
TS [ooer |2 [ser THE EATE @7 Atk 53] bt Aeigons
o . . - L -
final word NorIntMedian |7 & Ao % 0,089 | 2 | 956 A B e 2107H(42X5=210)7]' ] A 7}A] o8 B8
oA . 2 | .82
final_ word NorIntMean |%] %t 01]40_]'_1]; g (3)32 5 29; o g glormg 7k Bk 707) Ap=o] vt 7071 A=
STEAL | 1103 | 2 | 576 off thet 37} A5 FEUFE, Al Jeen 24, sk
. Q) T . . i
Int_ratio 9 ot [ 4557 [ 2 [ 102 &4, 3 A S SHHTR sto] dAAA g A
i= =
senlnt_90 Qe Oﬂgl ﬁi RS A e 2 A O R fo% Apo] 7k Ygol BREUTHF,
- -0 5 .
<05, 207=18.266, p<.001]. B 2Y ASHY A3 vlw A BE
Foll A {2l gh 2pol 7} Qlero] BHE FITH(3E ).
ynQ sen_int_dev(a) whQ iniWord_norintMax(b) E 8. O BA O BB ofof A A o] Uk FA 7 B AR
— — Table 8. Bonferroni post hoc test on the perceptual evaluation regarding the
o | i &4 - T intonation naturalness of Wh-question
E o i 2 § E i Group(i)-group(j) Mean difference (i—j) p—valtl*e*
= 1 F- O R T L N —1.27 .000
= [7) potin ! *
g £ i L R —57 022
- 5 57 R N - 003"
' = “p<.05, "p<.01, " p<.001.
= — E. BB & BT
—— —— Y7L B R Bk st 374125, SR
S £ KR 4 3121 3.04(x1.29) 8, FHHE £} 3441} 2.47(21.20)0 0.2 1}
group group

aY 4. 9G0P 2 o) B BARE ra sk ol ol
R R R R S A AEH,
A2). (@ -0l 2 o BRe) B4 4= Izzﬂx}(b)qwk
o g R w5 @ul A58t B At
Figure 4. Box plot of sentence intensity deviation of Yes-No question and
sentence-initial word normalized maximum intensity of Wh-question. (a)
sentence intensity deviation of Yes-No question, (b) sentence-initial word

normalized maximum intensity
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9. 924 SR E I AN hE 3A 2 B
W AHEA FE(response 1=poor, 5=good, L=left hemisphere disorder,
N=normal, R=right hemisphere disorder)

Table 9. Cross table of the perceptual evaluation regarding the intonation
naturalness of Wh-question (response 1=poor, 5=good, L=left

hemisphere disorder, N=normal, R=right hemisphere disorder)

Response
T2 5 ] 5] ™
L 16 25 14 10 5 70
Group N 2 14 11 16 27 70
R 6 24 15 11 14 70
Total 24 63 40 37 46 210

ofl-obu] @ o5 wha} A (stimuli) Q] o F AFAAd S 57 A
T2 A7 Grks Aate) oisk FtolAl A AN R
2l 3k th(x*=44.507, p<.05). 37}l A}%El 707) Ap=el| whst
B ATE FEUTE, A ADES SHASFE sto] @At
A AR A A AR A R ,m Aol 7} 5]
B2 QTHF, 207=17.735, p<.001]. o 2 A4 A3} 2}
A Hek) A Ak el a S A Jaky Ao

Ak Abo] ol 0] 8 ko] 7k Qo] 22 SITHCE 10).

E10. -0 2 o A AA ol v HAZ @I AEAA
Table 10. Bonferroni post hoc test on the perceptual evaluation regarding
the intonation naturalness of Yes-No question

Group(i)-group(j) Mean difference (i—j) p-value
L N —1.286 000"
L R —271 703
R N —1.014 .000™"
" p<.001.
A2 Bt Barghe A st 381243, S &
PR} 2.8(x1.39) 7, FWH 7 ShAF 2.5(=1. 4)24 © % ERsTh
7k Aol et B A5 FEE X 1S Faske) oo}

Y@ oo o A b 4 ﬁ} Tl 4470(62.9%)
7HF AR 0%, 9Nk 4 SRRkl A 3770(52.9%) Aol
AR RO 7RIt} AR 1170(15.7%)
Aol FAA A 0.2 B QLT

E 11 of-ofy 2 o] F&E g AAA ol st
AA 77} mAe w
Table 11. Cross table of the perceptual evaluation regarding the
intonation naturalness of Yes-No question

Response
T [ 2345 | o
L 17 27 12 0 14 70
Group N 4 7 16 14 29 70
R 13 24 9 12 12 70
Total 34 58 37 26 55 210

>~

o

A
=

e o)t 3 A (stimuli) &) & F A3 S HI7EAE
54 Hew YAz Frrst datell thgk stol Al A
A0 7 ol sk th’=52.800, p<.05). B7} A5 F5

=y oft

ShaL, Al Fhs SRR sfof ddAhe A A4 E A A
At SAA 0w %ﬂf& o) 7} Qo] TAE YTHF(, 07~
27.959, p<.001]. A7 @i} ﬁb&?é A=
& A A g wh Atolel] el gt
Aol 7t 9ol f&% ATHGE 12).

orl'“-
L 5
T
T
N

12,409 S o AA 4 oha 3A2 B A
Table 12. Bonferroni post hoc test on the perceptual evaluation regarding
the intonation naturalness of choice question

Group(i)-group(j) Mean difference (i—j) p-value

L N —1.429 .000""

L R —.243 .709

R N —1.186 .000™"
p<.001

7070 Ap=E AT S B ek A shAE 3.9 1.15) 7, SR
£} 3421 2.7(£1.22) 4, #9312 2.5(+1.26) 8 0. 2 LHE)
Wk 53] #Nbt 37 FEEA A Wkt AE o e
ok AL 2 &4 3hAfoll A 4270(59.1%) 7 F-AFA
B30 HIIE S, R £ SpRbell A 3270(45.7%) A=
o] FatAie o ® HIFHI el sk 871
(11.4%) AF=ro] FAFAA~T 50 2 F7FE QI THAE 13).

™

13408 o 28 o) Aol t@ HA2h Bk AR
Table 13. Cross table of the perceptual evaluation regarding the
intonation naturalness of choice question

1 . Res;;onse ; Total
L 16 26 14 6 8 70
Group N 4 4 13 22 27 70
R 12 20 20 11 7 70
Total 32 50 47 39 42 210

oo Aol he YA2k B7h A 19 5
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Figure 5. Auditory perceptual evaluation on the naturalness of intonation
(a) intonation naturalness of Wh-question, (b) intonation naturalness of
Yes-No question, (c) intonation naturalness of choice question
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