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Abstract

Auditory perceptual assessment and acoustic analysis are commonly used in clinical practice for voice evaluation. This study
aims to explore the effects of speech task context on auditory perceptual assessment and acoustic measures in patients with
voice disorders. Sustained vowel phonations (/a/, /e/, /i/, /o/, v/, /uv/, /a/) and connected speech (a standardized paragraph
‘kaeul’” and nine sub-sentences) were obtained from a total of 22 patients with voice disorders. GRBAS (‘G’, ‘R’, ‘B’, ‘A’,
‘S’) and CAPE-V (‘OS’, ‘R’, ‘B’, ‘S’, ‘P’, ‘L’) auditory-perceptual assessment were evaluated by two certified speech
language pathologists specializing in voice disorders using blind and random voice samples. Additionally, spectral and
cepstral measures were analyzed using the analysis of dysphonia in speech and voice model (ADSV).When assessing voice
quality with the GRBAS scale, it was not significantly affected by the vowel type except for ‘B’, while the ‘OS’, ‘R’ and ‘B’
in CAPE-V were affected by the vowel type (p<.05). In addition, measurements of CPP and L/H ratio were influenced by
vowel types and sentence positions. CPP values in the standard paragraph showed significant negative correlations with all
vowels, with the highest correlation observed for /e/ vowel (r=—.739). The CPP of the second sentence had the strongest
correlation with all vowels. Depending on the speech stimulus, CAPE-V may have a greater impact on auditory-perceptual
assessment than GRBAS, vowel types and sentence position with consonants influenced the ‘B’ scale, CPP, and L/H ratio.
When using vowels in the voice assessment of patients with voice disorders, it would be beneficial to use not only /a/, but
also the vowel /i/, which is acoustically highly correlated with ‘breathy’. In addition, the /e/ vowel was highly correlated
acoustically with the standardized passage and sub-sentences. Furthermore, given that most dysphonic signals are aperiodic,
2nd sentence of the ‘kaeul’ passage, which is the most acoustically correlated with all vowels, can be used with CPP. These
results provide clinical evidence of the impact of speech tasks on auditory perceptual and acoustic measures, which may help
to provide guidelines for voice evaluation in patients with voice disorders.
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Table 1. Demog raphic information for dysphonia patients (n=22)

Gender Diagnosis
Sulcus vocalis 1
Vocal nodules 9
Vocal pol 4
Male (n=6) SEPOYP
Muscle tension dysphonia 5
Female (n=16) - -
Spasmodic dysphonia 1
Reinke's edema 1
Laryngitis 1
2.2. FItET
22.1. 3443 33
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4
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‘ACTFEAY, SRy F 57HA A2 sk EE ARkl
SAE 743819 0 CAPE-VOlM &= & 5 (pitch), 7% (loudness),
54 Overall severity( 9+ S5 5y, ‘R(EZAY, ‘B(144),
‘S(x1787d) 8 2t A A shefulE S S 7FeFSATE GRBAS
TH0,1,2,39 F 448 HEE FUBEIESE 90 1(04-7
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€ A% HHAEDHT A% TFol(EH, & ¢7)EA Shin &
Cha(2003)8] o] AAl 4st st=o] T=EF 77l(al /e,
Al Jol s fud, /a2 EETR] 7S T RH(Kim, 1996)01 1, 3%
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Table 2. GRBAS scale measurements based on Korean vowel type

|7

/al el i/ /o/ / /w/
value

Gl 195 [ 1or [ 1e8 [ 150 | Les | 177 [ 173 |
(*.79) | (£.92) | (£.99) |*1.06)|(+1.02)| (£.92) | (+.94) | -

Rl S| B[] B[ 8 |,
(£.99) |(£1.02)| (£.94) |(£1.08)| (+£.96) |(£1.03)|(£1.08)| °

gl 95 [ 123123 [ 73 [ 1o [ 109 [ 77 |
(.84 | (£.97) |(£1.07)| @.94) [(+1.11)| (£.81) | =.81) |

Al 05 [ 05 [ 05 [ oo [ 05 o0 [ 00 |,
@&21) | @21) | (£21) | @00) |(+.021)| (.00) | (+.00) | -

o| AU s [ [ as [ so [T | e [,
(+.96) | (£.86) | (£.91) |(1.06)| (+£.96) |(=1.11)|(x1.18)| °

M(ESD), “p<.05.
Sk, B2 o) wE CAPE-VE 7} YA+ vlgluE g

84 Mi-Hyeon Choi

7 2k c08° 9} R A = /el A, B
oA, ‘P(Pitch, &%) 2} ‘L(Loudness,
A ek on 085S R, B A e
FI% Aol S gtk

T%E%{ A= E3

Vel A, S H e
)’% /e/ow 7t
TAA

)

2 oY Moo
Yy Vlr ey

E3. 25 30l & CAPE-V 374X
Table 3. CAPE-V ratings based on Korean vowel type

/a/ /el i/ /ol / Jw/ Il

os| 3932 | 3750 | 3532 | 2841 [ 3595 | 3495 | 3268 | ..
(£30.57) | (£25.87) | (£25.02) | (£28.73) | (+£35.61)| (+37.61) | (29.61) |’
2164 | 1541 | 1677 | 850 | 1027 | 1545 | 1632
(£25.43) | (£19.12)| (£21.12) ] (+20.08) | (£19.40) | (+24.74) | (+23.58) |
3328 | 32.05 | 49.00 | 21.18 | 1932 | 24.00 | 25.91
(£29.57) | (£28.69)| (£30.27)| (+32.84) | (+28.04) | (+33.45) | (+31.72)
1109 | 11.68 | 10.64 | 891 | 13.09 | 1527 | 14.86
(£26.36) | (£27.40) | (£25.44)| (+23.32) |(£23.76) | (£29.14) | (£29.56) |
p| 768 | 982 | 786 | 786 [ 545 [ 700 | 600 |
(£14.60) | (£15.24) | (£16.46) | (£11.59) | (£11.27)| (+13.89) | (+11.78) |’
L] 350 | ss6 | 359 [ 559 [ 309 | 218 | 286 [,
(£9.35) |(£11.86)| (+8.30) |(£14.74)| (+9.69) | (+8.12) | (+7.86) |

M(ESD), 'p<.05, “p<.01, ""p<.001, p(p-value).

31.2. B5 330 w2 ALEH gl AAEY SF5H SPA)

ETE’,— 37 o] - AAEH(CPP)Y A ER(L/H ratio)+
2 S 9] 7| A B 49 Pt AN SR
25 AAISE AT, CPP= R/ 7 718 =3koH, el 78
of Wl ZAACRE F3 2ol= W THF6.126=22.910,
p<001]. ¥b8, L/H ratiot= &-3/w/7} 39.81£ 8712 7F4 =9k 0w,
e EAROR Fo3 2Jo]E HATHF4.017,84.351)=

¥4 2L FYWENLEY W ~HEH =3
Table 4. Cepstral & spectral measures according to Korean vowel type

/al /el /il /o/ Ju/ /w/ /A/ "
value
o 184.05 | 187.02 | 185.82 | 183.22 | 185.15 | 185.97 | 185.51 002

(+44.50)| (240.84) | (+41.42) | (£39.57) | (+44.88) | (+40.97) | (+40.50)

g | 6721 | 6741 | 6686 | 6863 | 69.24 [ 6851 | 68.08 |,
(+4.84) | (£5.09) | (+£7.69) | (£5.26) | (+5.53) | (£5.12) | (+5.45) |

cpp| 837 | 780 | 549 [ 704 | 595 [ 7.96 | 826 [ ..
(£3.48) | (3.55) | (:2.75) | (3.19) | (23.40) | (£3.43) | (23.66) |

L/H | 2859 | 2792 | 29.25 | 39.07 | 39.81 | 34.12 | 32.32

ratio | (£8.09) | (£7.46) | (£8.29) | (£8.56) | (+8.71 | (£9.12) | (+8.11) 000"
M(&SD), *"p<.05.
CPP, Cepstral Peak Prominence.

AAEZ(CPP) X 2] )58 v A3, T8 /ale fil(p<.001)

9} B2 Jo/(p=003) 2 F-Z//(p<.001)7F 25k Zpo] S B o
W, B-&/e/= /il(p<.001), /o/(p=025), /(p<.001)$} T2 5+ x}o] =
BT B8/ /o/(p<.001), /wd(p<.001), /w/(p<.001)7Foll -2 &
2ol S RATE T3/o/= l(p=.005), /d(p=.001), /a/(p<.001)2}
Frolgh Apol & Hylom,

ESn/E al(p<.001)S} /(p<.001)$}
ol gk 2ol & Bt}

S, AF E-(LH ratio) 57219 tf&E vl A}, By
fa/= B /o/(p<.001)2} M/(p<.001) H FE-S/u/(p<.001), B
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IMp<001)Zt oSt ZpolE B om B/ /o/(p<.001),
fu/(p<.001), /w/(p<.001), /a/(p<.001)7tel] 523 =po]= B A
TS/ Jol(p<.001), /u(p<.001), //(p<.001), /a/(p<.001) ol
A% o) = BATE Bg/ois ES/u/(p<.001), /a/(p<.001)2}

28t Afol & W oW B3/ aw/(p<.001),/a/(p<.001) ko]
o] gk 2fo] & BTk

:{o :[o
r°*‘ r°ﬁ‘

313 B ER1 ME A2 B33} $39% 394 13

KR
7] 40?04 JM* £ J&%ﬁ—% Arsiglon, A i
b ey
‘GHATY CPPEHA = BE Hgolr TACE fo%
HA ARSI O, T FlME RS0/ (=889, p<.001),
la/(=832, p<.001), /a/=2818, p<.001), /e/(=.889, p<.001),
/(=766 p<.01)= G52k CPP7} & & B3l om,
T&/e/ (=615, p<.01), /i/(=603, p<.01)= GH2} CPP7} 5
AR S Bt

gul

5. 30] 5 7HCPP 747 GRBAS =9 'G5 3t B4
Table 5. Relationship between CPP measures and 'G' scores in GRBAS
scale among the Korean vowels

G
/a/ lel /il Jo/ o/ Jw/ /n/

CPP

fal |-832""| 628" | 637" |-812""| =701 | —605"" | 689"
e/ |=78177| 615" | 646" |-875""|-.709"""|-788"""| 837"
/il |=713" | =742 | =603 | -.874"" |=773""" | =770 |-.843"""
o/ |-675""|—679" |-697""|-.889"" | =763 | =693 |- 790"""
/| —6117 | —670" | 584" | -.854"" |=766"""|-.723"" |-737"""
fw/ | =589 | —677" | —6507 |-.843""|-777""|-.818"" | -782""
A/ | —686 | —696" | —.640"" |-.867""|-800""|-.775"" |-819""

"p<.05, “'p<.01, " p<.001.
CPP, cepstral peak prominence.

32, BFwt ‘7P%’-°4 w4 Aol mE AAEY Bl
E

=4 $A ltﬂra 7| B 45(F0), 45 (dB), A E H(CPP)
9l 3 E ) (L/H ratio)5 &84 7|5 F Al 3% 67 2Tk

Z|RFIRF)E B F /e/(187.02+40.84)7F 71 =gk
H, ZA5(dB) A/(69.24+5.53)7F 7H =okon, V)Rl
Fo)= 252 f8ol wig} SAZRE {28t Ao] & HolX]
0Lk O M [F(2.821,59.248)=.177, p=902], J =% F2J3t 2ol &
HolA] 9FITHF(1.634,34.317)=1.663, p=207].

CPPZHE 3 WA F-24(5.49+2.09)0] 714 =7 Vet on.
L/H ratiofh-2 F WA £4129.83+5.64)0] 71 =gkow A
E(CPP)¥ A% EH(L/H ratio) SZ &= BF 3 2o =
B AtHp<.001).

CPP 7%, 1-2, 1-3, 1-4, 1-6, 1-7, 1-8, 1-9, 173 BTk 7F
FJ 8t Afo] & 1.9 0w (p<.001), 2-3, 2-4, 2-6, 2-7, 2-8, 2-9. 2

Mi-Hyeon Choi

-8, 4-5, 5-6, 5-7, 5-8, 5-9, SE-A-FFFTL
ek xfo] & B 3Itk(p<.05).
1-3, 1-4, 1-5, 1-6, 1-8, 1-9, 1 =3 FE otz
3 xfo] = By o 23,24 2-5, 2-6, 2-7, 2-8, 2-9, 257
EET $-BFE, 45, 4-6, 47, 45 BF T
ck 5-6, 5-7,5-8, 5-9, S—Er%}-ﬁ%v‘i—% 6-8,7-8,7-9, 7-3% 8

B THp<.05)

HN
Mo
(i

6. 9T EEFD 712 B Ao e HAEL Ao EY
273
Table 6. Cepstral and spectral measures according to sentence position in
Korean standardized passage ‘kaeul’

S.P. FO dB CPP L/H ratio

st 179.74 65.13 5.49 29.53
(+32.80) (+5.10) (£2.09) (£5.99)

ond 178.32 62.32 4.80 29.83
(£33.27) (+8.91) (+1.86) (£5.64)

3rd 178.46 63.65 443 28.39
(£33.81) (£4.66) (*1.70) (£4.94)

ath 179.79 63.51 435 26.91
(£33.69) (+4.69) (1.76) (£5.27)

sih 181.39 64.39 497 27.75
(£33.29) (+5.01) (+2.13) (£5.16)

6th 180.12 64.02 443 28.42
(£33.21) (£5.07) (*1.87) (£4.99)

1 180.75 64.38 438 28.71
(£32.77) (+5.06) (+1.83) (+4.94)

8t 182.72 63.83 4.19 27.24
(£36.31) (+4.84) (+1.78) (+4.76)

oth 180.88 63.75 430 27.25
(£33.49) (+4.72) (+1.83) (£5.86)

Sp 179.65 63.75 434 27.76
(£34.35) (+4.93) (*1.79) (+4.85)

p 293 271 000" 000"

M(SD), “*p<.001.

CPP, cepstral peak prominence; S.P., standardized paragraph.
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®7. @] RS FEET THS S &4 X CPP #he] AT
Table 7. CPP Correlation between the Korean vowels and sentences

S.P. /a/ le/ i/ Jo/ Ju/ o/ /n/
Ist |.799"" | .826™" | .805™"" | 778" | .688"" | 771" | 771"
2nd | .834™"| 871" | 869" | 8127 | 713" | 82177 | 8107
3th [.786™"|.788™" | .822™" | .759™" | 654" | 750" | 752"
4th |.748"" | 7837 | 809" | 742" | .658™ | 747" | 709"
5th | .663™ |.739™" | 762" | 694" | 5797 | 7217 | 653"
6th |.7597"|.818™" | 8317 |.738™" | .694™" | .781""" | .740™"
7th |.71777|.806™" | .804™ | 710" | 6137 | 74277 | 702"
8th |.736""|.809"" | .819"" | 730" | .657" | .746™" | 723"
9th |.724™"| 792" | 818" | .714™" | 636" | 7237 |.702""
“p<.01,""p< .001.

CPP, cepstral peak prominence; S.P., standardized paragraph.

3.3.2. &3 9o ©}2 GRBASY] ‘G’ S} AXE
CPP7} 733

=33

EFEES s % 7 GRBASS] ‘G’ v E] 9} CPP#ES]
AIAJE dofr 7] $lsto] F)of<= 244 (Pearson correlation

analysis)& AAI3l o, Ao 3% 87 L} BE o 4
52 GRBASS] G aehv] ] gl CPPgk ol frof gt 2] 24k

O:

#AE noiek
34, B sl mhE A4 B et 54 Aol

o 7171
R el whek A1 74 70 GRBAS % =& AH8-5ho]
= 7}, GRBAS 3%
o] HolA| e¥gke

Aolg veglet

we =
,
( FFI
iih)

[a
dlo
B
3
Jo
o
=
- =

2 ATE RN B4 AAZH B D L9 37}
A A Wt A9 T AR gate] mge) B
B b DEEE RN ERE
GRBAS %52 o] 850] 121402 $9S 37} o) 25
o fel whet 2 GEE WA Prhe AL vishi, 5

Table 8. £=5t 7}

S 3H5- B4-o] CPP3kT} GRBAS #

ok
C§
=
e
V§
ﬂ
o
2
g
ol
F
o
o
>
ol
o
ol
k1
dlo
o
ol
2

1k /i/E} Je/ B —%ﬂr 71%% ARSI SAA o2 F25H
e 71404

jo
(e
e AAFSIATE RHA, CAPE-V 21 ARg-sto] #1714
[e]

A Akt A, 250 ol wet A7 37 skt
of fo]g 2ol 5 BT %, 089 R A E 5o £
w2t FAH R ol 1}017} Lebgon, ol g At

gt

CAPE-V % =1= GRBAS # =% 7§X17‘ s g wEn
o] el whet e o ol :

3, B el whE 5 FEE S Aol wlust A
o ARER S (CPP)oF A ER 574 i](L/H ratio) | 4]
TEAALE fro)e Aol 7k et 5
REA 0 2 ARg-8h= W/ REol 7P CPP%ko nglow, ﬂ
Rgfa/7b LREAwel Hls A 0% 52 CPPHt-S Balth

Ih”

CPP= HE9) Wofolt} 5 ul Es) 7 8Fsko] ©lsl &
,%Eﬂl 5357} 3

A JFE por, FErt 255
- O >~

= CPP7} =/ YERdTia
2021). /a/ B MBSO nE e
B

off w8l Wl 7 vhebked], o2l g Bgo] 54 cPpak
o 9= F= A= A /b, CPP= /i/EFoll A 71
S YERR=H, CPP= 714V ol dnbA o

S LR 7149 $4S APESRE U] f-89 0% B

A=l (Lowell et al., 2013), ¥ Ao A= CPP7} A/ ESollA 7}
A Jeh, i/ESo] thE Bgel nls) 71214de] o] #A)

2% 4 9)= 1ol 4 9)eS AANISITE Choi & Choi
(2016)°] Oﬂ?%ﬂ*i“ A sAE o R AAEYN e
2 —‘ﬂrﬂiﬂ P2 48 a9E BHS W, /a, e, u, w, A/ES0A

2E RS TrJ 3k 2po] 7} YEbstthar 3F A wh(p<.01), & A
T2 Aol gAltol| M= CPPOA B-S/alt= B-S//(p<.001)
H-S/0/(p=003) E ¥-S//(p<.001) 7+ {25 2to] = BTk

olg| gt A= AYPAT+= 44 shAkE tld o=z s A73le

U, 2 Aol s o3l B e R silen®E e

A7 v 5= iokar & ¢ Itk LH ratio®] 7%, & 472

2] G I Y 3t daaA

Table 8. Correlation between the CPP value and the 'G' parameter of the GRBAS scale among the 'kaeul' sub-sentences of the ‘kaeul” standardized paragraph

o G Ist 2nd 3rd 4th 5th 6th 7th 8th 9th
Ist 743" —-726™" —-729™" —745™" —764™" -783"™" —.824™" —.845™" —.828™
2nd —740"™" -719™" —690™" —-735"" —-729™" -719"™ —.845™" -821™ 807"
3rd —.800"" 728" —683"" -797" 768" —789™ —-820™" —-.830™" 794"
4th —-799"" —-759™" 651" —-782"" -737"" -756"™" 826" —-790"" 766"
5th -773" —-746™" 682" —.805" -775™" -768"" —841™ —794™" 790"
6th —-730"" -712™ —648" —-762"" 758" -783™ -851™ —782"" 778"
7th —748™ —-662" -638" -751™ -756"" -777" —-809"™ 768" -762""
8th -778" 709" 656" -772" -768"" —-792"" —.846™ —822™" -807""
9th —-793" -708™" 656" —782"" -766"" —789™" -.838"™ —-819™ —-792"
S.P. -777" -722™ -668" -779" -767 -790 —.845 -814 -795

“p<.01, "p< .001.

CPP, Cepstral Peak Prominence; S.P., standard paragraph.
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