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The Effects of Voice and Speech Intelligibility Improvements in Parkinson
Disease by Training Loudness and Pitch: A Case Study

o] & B*.AH B P51 & Fxx
Ok-Bun Lee - Ok—Ran Jeong - Do-Heung Ko

ABSTRACT

The purpose of this study was to examine the effects of manipulating loudness and
pitch in terms of speech intelligibility and voice of a patient with Parkinson’s Disease.
The subject, who was diagnosed as a patient with Parkinson’s disease 11 years ago,
demonstrated a severely breath voice with low intensity. The accuracy of articulation in
consonants was intelligible only at the single word level, and the overall intelligibility in
continuous speech was low.

The results showed that the subject’s articulation accuracy and speech intelligibility
was significantly improved after having loudness and pitch training. Habitual Fo, Jitter,
Shimmer, Fo tremor, Amp tremor were decreased after training. In addition, the value of
HNR also increased after training. It was shown that the changes of these acoustic
parameters were closely related to the decrease of breathiness in Parkinson’s voice, and
this decrease of breathiness affected speech intelligibility considerably. Based on the
experimental results, it was claimed that the vocal training by manipulating the loudness
and pitch could be highly effective in improving the voice quality and speech intelligibility
in Parkinson’s Disease.
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Z# o]t} (Darley & Aronson, 1975; Duffy, 1995; A3 < 1999). sizi<w fats AA9 &
7%l AAAHoZ FHPF P ofel Ho| AYPFFE AT FolFolE vhehdin, A
24 A AE S el YoM E BE AoS B %E} F0EH B B ATES
AuEE, Folo HIHY HYH pleo] 7tF, I, ARTE T AT AHE S
FAA gozA, A% ¢he 9 AtE AYstA ok

ey #x9 FojFe] £ AW —L-i 7148t &4 (breathy), o] e L3}, ¢
2 74, 9% LA gEU AR ¥Et JAAH 0B Fade A, LA A
2 ol %ol &g st FH, FAYS 25 T 2 £ F UHDuffy, 1995 Darley
& Aronson, 1975; Darley, Aronson, & Brown, 1969a, 1969b). |83t Fo]&die 282 7
g Ae(rgidity), 2813 F54, EF, 2§ WU FTAAM Y HAE T Fd(hypokinesia) o
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2 Q3 F4dolth Hanson (1934) Tl <J3td —i‘l(bowed) Ade 71Hs8d 2 =8 23
(breathy voice quality), 4 =2 7+, H] Zé’z, 2 #& A7) 7Hphonatory duration) 53}
ES A#ABAAZE AckKing, 1994, A1), 3 S71&y 2 49 F2 FA4U dSEy

S 90 ZhHE S 472 (cricothyroid muscle)?] &5 A2 A (rigidity) 3 Q=0
o ol Ax Sx ¥l 93-S FAFE(Aronson, 1985). =g RAHE3 28 o Fij
Ho] Z7tEHA A Fof ¥ 8 E(intelligibility) =8 ZA® ole L7139 5]
7H48E a1 Zh2te] 2 &718e $EE A Al$E7] Aol th(King, 1994; Duffy 1995).

oj¢} e FoFelE et TN AEH A9 Fol HEEFE 7}]"1'3}7] 4
g g FARGE] dFFH L At Ramig (1992) §2 7 W9 A&y AAES oA
oz WA 2HEL TE FAE FI olg9 I HREV AAHASE E-Lﬁ}‘ﬁ”
Countryman, Ramig, Pawlas (1994)¢} F<(1997) & #H0&H #2159 LSVT(Lee
Silverman Voice Therapy) Z21 & A &35t FolFAol A7 A& HH e, LSVT
g AN Fol f2&d @A) Ao WA P, AR T T2 A8 FAREEET A
AN L FHEFeH, Countryman (1994) 52 HAA Aoz Qg FAHF o #AE
o AZEA] B Aot AAY AgoR QsiA ToiFAY tidelA AdEME &
Hoha ALk

ol A7 AE HPA AFoz A Tl sriate wrEAQ Fo] FA WY
S 53 A7t ASHoZ FoRFE T AR F HFHLE AAHESE F2E
ga7t deg 2] SR Eoh Vel ATEY AHE AHEE, F4ARE T3 FA
&2 9 wsle] WEErF P49 AU dEded ol @ 222 2l WA 2l

AlEg 71go=2H 715d Zoldh welA ol UAA A S (congnitive therapy) FZH
gdglolgt & 4 9lt;. Hammen, Yorkston, Minifie (1994) $9] dAFolAE sl&d #dAE
o FHMEEE FAIZ] Y8, 28 STHA 23 SEE xHoF A3 U
Al FoiREAZHS WAANTE EES @*lﬂ 23, gAse] ToFaERs AAHNS S
Pt o] F AFH A AP R 2&E FASA Fhou, FAE 22271 Al
E A% 7 e dAHA =24 %"%"—4 go) 2¥L F A8t agFeldds A9
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21 Bz 540 %)
(D A% L (g, 260 A, Aot A, AAH @J e
(2 B9 A4 F= 119 A g2 Ao (™, 713 38 A wd)
(3) 2A 2 &5 54
- A 9l AAMl(Standing position): o] Y4Zo 2 HolAA E4AE A
-5 AE REA] dg&Fole BZo] FA3 FolA, ulx] FF ALE AE ¢ E
3 Z9 ol Ao AF JojAA D.(8A, AFolg Ay thd)
< 27) gEl 2XF(EATE WA Foby. Ed 22 ol Bo] dadA)
- AFA 9 -.—%—M Z - o FAYel Fotx, 43¢ F1A 2§ & 7 S
4) &4 5A: 714139 &4 (breathiness)o] AstA WEpUe, Avtx oz Zady Zx
B E 49 FEF AAA(ehA, & dotEr] YE w3,

(6) A BE=: dto] FFEAME FFE 25 Ve

6) 9&8 L3l YR
4 o7l Aoz WREst don, SuEd FARE HEe ‘23FA R QA%
HEAGE £ 23t vdetuA, 30 9o &= 2oAle A
st A #EE izt FFA 23540 go] Yeiva, A&He 23
Foll A dgde) st AsHA veRA, W3 Tl B detES F flE R0l
2ol vehd 5‘-“?} E4 Tol & “’5}37—7‘]' & HH °1‘r°ﬂ 2E AZE A O '

g =3 247}

22 4% 4%
HAAE ez F 219 AAE 4 7FA APAR] Pe e g 4E 2 2=
W3l 24 £oA 77 ARl Al HA 4 7FA] AR o] mE w4 HEg gis) 2
thgol, A7t o] & BWElEE Ao diaasl B AdNEe B §
ol&tAl +HY ¢ UEE 37 YA FHol &8 ol8FAY BE L S5 HAHA W
B33t Az HEwS AFTozM, g 22271 APAFE o3
eSS ¥ YEE EFSAC A4E AXY ¢AE 4¥E AAE] A,
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FHAEA| A= £ oy
A48 £
52 AAAee A uN FAd X
248 1 T T s gascs goss au
A5E WA &AF M, B £E
Ay 2 : 3 2 2 yAHom YEEE s}
ArE AAHoZ ZA FHEA, FAlY &&=
49 9 | ¥ e gages gres en
: FE2 PAACE & UM, BN SE
49 4 $ t e yanos a4 sx= oo,

23 4% ¥4

231 &4 #HA

4 7t ABAAE AAE7] Ao, Al Al B e Zg /OP/% ‘23%%“3 8}
EE & tS, AEAAE MEAcE AT F AFAX wE SAAWSE
ojf SAME FSA AA WHste] o B4 Ao WHHE HAsE
e AgE & 10 cm HA2E FAF A, TS A GHY Z}HI%
ol Alg8 SAEA 7171+ Dr. Speech (Tiger elctectronics)Z, 3 e
A Az Adsact $38H e 4.8 93, Habitual Fo, jitter, shimmer 2 HNR, Fo
tremor, Amp tremor Sl ¥ FAA| ] WSE APAAAT 4 7k APAAE NS
Foll w3t

232 9o # % &3 38%

4 7kA A A e gzt dol 23 HEEE FAs] AN, 2HASHAKA
del, 1992)A ol € oF shEd 12 ZFA(E 22 Fx)ek ASJ(1993)9) [(FA] 7 7}
2 IF(F 23 AR)E HFste] APAAAF 4 7k AFGARAE 2A T Fol AL
A=E AAG oF, WESFA7 @ 4PPJM dvt 2F 5572 58U do] AF
E&A AAE @i 47 5 cm 7Y FAE Fa HL ojHEoIULH, HAFE A
A2y wstdolzte] AL nestd =& FAE FAG 5 /19 539 7o AES
Ho AR BAPE EXA, & AF e RFo] T @ R FF L3 BEE AAd
ZEE o] 83, & A7 t3ate 2 guxe Al xS SAHSAT
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31 7%= 9 &= g gE A9 AN &7

Ze 9 &% WolE vZA AT 4 7k 4E A mE A&y o &
M £ da}, 4 71/ 20 EF 988 #@xe] 44 FAHA HeE B
S dAdrt. A9 &arslz ZwWoa EAE Habitual Fo, Jitter, Shimmer, Fo Tremor,
AMP Tremor §9 &34t 2PN A HAdte] 4 7F1] APRA Fo FHA7} 25
Zag AxE Jedin o8 A g71ed #xe Exgr il AR EiEE
AH e 5ol E4HE HAEHAML BHe] A1, ol& jitterst shimmer S X ¢ Fa#A
7t &) @, A jitterst shimmer 3|7t A4S 748" &40 AAHUTE A
NS I 4 gtk Y BAAY ARAYE N EFH4e BFAHoer Yehiey, 2 4
Yol A Fo tremore] o] Awtzoz sy ZAdes SANAE LI & dE vy

e
_>|~|_,
do oX
tlo wo

12

AL HeElg Asiy, oleld %Y A Hied FAe EFES 2 TR
Qo] 7144 (breathiness)# BT F&He] & & o, 25 ol FA 9 Hare &4
A% o), AnkHl weHs Y A FFE v Ao MY 4 gUrh E=F
ol9 Z2 H4E JARHY = £ UdE 583 Y= HNR(harmonic-to-noise ratio) 53]

74 7H AYAAANN BT F7HATkE Abeln, ol SAAEAS Wel Bl F7HY
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¥ 31 4% 2 S wo] ¥do| me &4 Wst
JF» A A9 oy 1] A8 a2 AY oy 3| Ay w4

Habitual Fo (Hz) 156.04 166.07 160.91 158.19
Jitter (%) 0.15 0.24 0.18 027
Shimmer (%) 152 2.05 1.49 1.98

Fo Tremor (Hz) 1.89 2.25 1.38 1.08
HNR (dB) 25.07 2425 27.65 22.22
Amp Tremor (Hz) 1.69 1.39 1.42 159

311 A% 9 w2 Habitual Fo (Hz) ¢ #3}
4717 BE 2 &= H3 FHE o] &3 Ay BT #71&y $xte] Habitual Fog
ZA2A7e BHE A&3tgth o 8§ A3 Ludlow$} Bassich (1984)8] @olA & A

A&W gAY 3 HshA e HT 7|8 F3(168.80)7 w4 7174«1 73243 ©(140.20)
of 3] EA 42" dTFZAT(Koller, 1992, AQ&)ol) u]Fo] B o] B AHUUEo] 1
Qe whel @AY 24 A8 2 Ve 34U e IR T 4 A

168

166

164

Habitual 162

Fo 160

158

156

154

a9 31 Agwel ©E Habitual Fo *o]

312 Ay Hx Po] BE Jitter(%) o W3}

AFHA whgol] @2 Jitterghe] Wste ¥ 329 #oh ¥ 13 AY 30 43 29 2
4ol v e A& Jdehided, A8 1Et+SEDY A4S B=d 558
FAC /AN E Fdolen, A¥ 28 ZEE FUHAIIIEA A $EE EFE W
ol o] F Wwe FEH Ho| =& F/MIIEH 24 S § 85U Aol HlFo] B3k
&, 3% Z7lel 2@ E Fdo] AU HE A IREE FHHLEA, 71HFE &
Ae ZaAF|ed Bk anFolats AtdS & 4 otk 49 7144 (breathiness)®] 3t

47} jitter percent®] 749t LI ABE JMATE Al HFo B o, & 4Y AFgs
7o"E 7t 2H8E& E Z2ae] SN FHHA %S VA k= Ramig (1994)%

2(1997)9] @723 AL B 5 gk =23 APEY 18 AXNE F9 jitter
°] 71 4A AEEQE, o 57 1 725 & £94E jitter®} shimmer?} 2o}
g go] gt AI(EFY 9, 1997, AL AT E F Uth



ZE 9 = 2AHE o]4% o] FAE& W . 179

0.3
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Jitter(%) 0.15
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313 4% A=A Wyl @2 Shimmer(%)e W3}
A&y gatel £49 YRR A 71440 88N ZHAQ shimmerst WP
Aote AHS(Duffy, 1995)2 & 479 APA A @& ZAFAoA shimmers] Za
2 UYeigteE Ae #@ey #2924 AMd FAAQA 9% uAgE AL I F
ot ALY A4+ SES)T (FE4+LER)E AEE 20 e T8
Aol e, 1 ZAy yrA F Ao AP )& shimmer gho] HAHUOH, ol &
49 F1979 dFATHANM A FtA] B =4 (soft, comfortable, loud)A £& A=Y o
shimmer gtol 7b WAl A&HJUthE Aot dXgvn £ £ ok =3 AWy 2%
E§+2E8)9 At £99 TN e A= ¥ FxolAl e shimmer gkel 7t
A A Aed AFgoE At & £ gl
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shimmer 28] 37h9} H¥o] 7| EFTH50) Wo] EH W2 e oy A
o Mao] B Ago] HEW 4 N AE U 9% wWo] FASE HUEW BAY Fo
tremor F22 Qs &4 MG FEE ¢ & YTh EE U 33 AY 45 4F 13} 2Y
20 &) 2 AT ARt FHL AASEH Yol ojEles Hut Zo] YehIYm, o

& s, 49 3% 48 FYsE T AT ANY AAAHA xPoz
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AT dRHo2 oG A A S i AAHA 2H Y] 4& AM
Al7lE H T8 M52 AEAAE Ao AZ4do
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Fo tremor ' -9
(Hz) 1
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a9 34 A8 @2 Fo Tremord 2ol

315 43y Wiol ©& HNRe ¥s3}

4 7tA8 Z= 2 & WEE o8¢ 4y g AANE A3, ged #$x9 &
Aol 342 2#4E vzen, HNR &9 $77F 2 &98 ddve AHde o
Aok 53], 4 7HA 9] 299 s, 49 47F HNR A7 A &€ 2L, 99
AR Y 49 471 jiterst shimmer7t 7HE FA AEHE Ao A& 24 &
AT & Utk 27 15 30 viny 2 FIE BJoEn, FAAA = I e
FREG Zxe 288 £ Bl Mg S/t Bk AFFHo|TE AHEL T B A
T A7t €8 HE ZFolng, 49 19 F e A= VNP LEAN Ad 45
HEAY P2 F7M714AM, o8t FAld S22 7l met wlEo] Bt SYAA
of FUiHLR 7|40l ZaHI HAY F40] FUHHSS & ET7dFe LSVT 71¥e
g ey 49 S AdEF(FAs, 19979 s Aotk AR, &% F7t
o2t wgo] Be @o] AEd ez did Ay 471 7bE @2 HNR X & B F
< FF 47N AEE 1AL FEVL F/ATIE RS A APl &AM 2 2
#E vl A& & "art &S AAE Fa gl

L o . o

4 Lt

a9 35 4gye ©& HNR9 2}o]
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316 A48 U9 wE Amp Tremor (Hz)9 w3}

ol 43 AAdMEe 499 2=+ Y 3(HF=t+SES)0 YR
F71A A@uryol ¥ls) Amp Tremore] X7} v A AP & Ay AnE &
49 5(1997)9 dTelA ATRI(Amplitude tremor intensity index: LAZ =9 BH F])7}
WRRE7E A (SN ¥ gR)RTUE € 9 7MY dAE @& JEd A v
AF}E Hdoh metA, FFEAFAME Fo B 79 oidAE 3%, Z= 2 = W
Stol & &4 W3E BEAsA EAsor & et otk

2
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481 MdE2 o3 HE4

a9 36 Al
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2 Amp Tremor? A}ol

32 AY AX Wil W& do] grE

Ae 2 FE] e HstE o] g3t 4 /1A AY Wil wel dole I3 ¥Emst A
Aoz NAHANSTS & 328 B3 & & Utk 53], 4F 37 49 A/ v A @
ol vlsl do] JEE A B & &35 AARed, ol A¥MAR ddxt A
7)ol olEg S =7le FEEE AYEYHE TAFoZ AASAY] YR, 53] 4F 4
(B2 AAAHA Fag A SR AZRHA F7HE AAste Fdoe A3 uLd o
& g ojTH I A A4S 2HIY) 94 xFol AA 2FHAY. I A, A4l
o Wt dig BUE]Y S F/vt 2FHoR Ay HAF 23 WEE Mo FaE
97t Ao Ao, meba, HPy Aoz A FoFeaE R 4
2 Fo] FAE T wolEs FA A4l @3 2452 (self-monitoring) F7to 2 & $E

ojof & Rojth
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£ 32 49 AX PHol mE gol ¥y HRE P4

g ——2EE BT [0] [ v (3]
294 A 3
4% 1
29 2
2% 3
24 4

(* AL FolHFE YREV} £ 333 9 )
([0]: severe, [1]: moderate, [2]: mild(almost normal) [3]: normal)

33 4% A Wyel he £4Y YEE AN &N

A 2 SEo TGS WHE o1§8 4 42 Y Pl et 249 w3 FaEs} W
o2 AMEYSS E 338 B U 4 Avh 53 49 1Y 4ARES B SEDE A
NSt Eolt FA HAo B Fol the APugol Hsl Hok Bol &

3
ot
)
to
o
2L
olf

FHQoR, 1 A% 49 ANFEY U 2L 9E 59 5 27 5ol 2 IS o
A Ao BUETh A, 9 FAAY A WRIAE 4] FPL e FL 97 &
7 WAHeE Fhse Aol W, ey X9 A9 ede AN 7] SE8
ZAPGE ABE B ATAN e GFD AYPPSol 0y Do) dHsh vuD
NFE4eE 285H $HH 93 e ARE £39 B + U

¥ 33%4% ¥ £& Wi & §4 2i P2k e

gy ——2=E 3T [1] [2] 3] 4]
FEEER T
49 1
49 2
29 3
49 4
(+ $47} BoldSE YRES B AL dHY)

([0} severe, [1}: moderate, [2): mild, [3]: almost normal, [4]: normal)

= %632 %}o}s’- 23 c}-°—r+ @% FAAY AHES 4¢ F A
A, ZE R =Y GFT AHE )8 ¥R
o ek 4 M AEYEE H4T T

Fo, jitter, shimmer, Fo tremor, Amp tremor 5¢ #to] A3uhd & 2 &3t7] A vl A
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o2 ZAEon, HNR £8 F7138tdtt. ol At T3 =7t $71E8 942]
2 5749 71244 (breathiness)o] #4381, SE7F 784S Fo447 Fobxol o
474 (ericothryoid muscle)?] £E4d0] F7189, AAE AAA I A t}F’-(vocalis
muscle)®] 228 8T 3o Eoh ¢AE & A4S ddx ¥ F o 25, &
e Fxet FEE s M3 Fle FHo Aui2y FRAAHA UH Fe &= %7}
o W& Bo B3 S40 AEHEA Ay Exte] $A4E& AMATIEE AU Y
OIANETE FHE F AU

A, A= % Sxo thgd WE o] 84T FEL AUeH A9 do] B3 HEE
F7bel FAAJA EHE YT 53], 4¥Y ‘4015"1] 24 7HA A s AAS
AFE vad Bots o, 43 W A=t +EES), A8 AFEI+SED)A B
oj9] w3} Wawst &% FUHE A#AE dEEh °]"—1§} A#3E 2AHA2EA M BH,
Azt A By 33 48 B EHoh B olFgoz Al oy HikE: 2dstuxt
=EHPd Hert g AR Fo o]Fx #ale] HEEE FUMAIIeH Fod ¥R 28
oz Hztg

AR, e 2 SE ggd W3E o) 43

2
3

iy

k)

ok
ot
gt

3 3 @3 BY U8 JEE
Z7bl 34 23S dehlArh S, 499 43 AW Fo BY 23t gRES o
2 APPUE sted Adel 4 Bol IUSE ¢+ Ut B AFolA 2Ye AXD

Fol $9¢ 23 27] B AARAA, GFARE A% AW BA
Fd 48AY ¢ Yke $EE Bou, oy :
10] HE FAL AAY FOIE, @A AU FAT £ %] AP FARE B A
A9 WHREEE 2APoRH BT YEHD AALY U5 AU BTk oY Ade
ERel ol HE AU i B Uz & B 2224 U324 ¢
FEE 24Y 4 9t 50 WA © FHAUSL ¥ 7 B4 ¢
G4 @7AE Eolz §4 FE $EE debl Wske AA AT £ 3
¢ BA9 &4 A4 2 Fol BEEC FHHA L AAGE AL ¢ 5 AU #
A, B ATE f2ey 82 1 9 AdE B9 A9 A7A00e, 2 A%E g 92
beol 7o 3A Ao 449 2424 AL At Ha Fast glene
9 ey BAES Aoz ¥ ATA A4 o2l A Qg
HEE AN E7E dFstelor @ Aolth 1YW, 4 42 PP
A 49l Habitual Fo(Hz)7h 4% AR Aol w8l 25 Al &
3 A4 g4 AR HEE WHo AdElE e
Rk Ao §90 AN BAEE WHold e Aolh ASHLE FAUEE o|5 0
Foigel Fabol wrh AAaA Uehted, dE B, g VS A% A3USE 99
(remon)®) AE7 AZAANGAL, BFe ASAA flo] 1252 289 0F 2 T4 W

N
Jd

S7h 491 $K01 A0, JAVANY FEAA PSS ASRAS B0l ekt
Hepd, ey Fd A7 Hie) BALEY LETIFoN TPl SHEL B} A

#3A A 2L w3 BE47171(CSL, Dr. Speech Multi-Speech )8 £3) E4gozH, H
P Ao 2 AF F TN 54 2 Fo FA A 2 48 /A AR F U= F
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