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= Abstract =

The Effect of Frequency and Intensity of /a/ Phonation
on the Result of Acoustic Analysis

Young-lk Son, M.D., Young-Sun Yun, M.A,,
Joong-Keun Kwon, M.D., Kwang-Chol Chu, M.D.

Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine,
Sungkyunkwan University, Samsung Medical Center, Seoul, Korea

Measuring phonatory stability using MDVP(Multi-dimensional voice program, Kay Ele-
metrics Corp., NJ, USA) are becoming popular in many Korean clinics and laboratories, yet
questions about standardization and reference values have remained. The purpose of present
study was to examine the effects of frequency and intensity variation on the results of acoustic
analysis related to phonatory stability. Twenty young adults(ten females and ten males) were
asked to sustain vowel /a/ for more than 3 seconds under 9 different pitch and loudness
conditions. Using MDVP, nine voice samples were analyzed, and jitter percent, fundamental
frequency variation, shimmer percent, peak amplitude variation, noise to harmonic rato,
amplitude tremor intensity index, and degree of subharmonics were compared. The results
showed that intensity changes can significantly affect various phonatory stability measures, and
the lowest perturbation values can be obtained from slightly louder(10dB) phonatory condition
than comfortable level phonation.
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£ KayAr) MDVP(Multi-dimensional voice pro-
gram, Kay Elemetrics Corp., NJ, USA) Z2280]
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A 2 2342 BY F &S BEIHAT

ol AREL BY UL YEeR fol/ B9 &
Eo} A=o] Usle| w2 Ao A BEE HAt
Ao g R WS ANFe 2N, MDVPE ¥
8 AL RS YA vzl gloiA
L FE Haspsled =8-S Fui saen, d#43
A7t HE AAE d T Ue THY =4S A
At} B3zt ket

Ay 9 gy

Y E xFo| Fao|n TFd ¥wlo| glof %
dol 7Fsd 20-30089] A ¢ 4z 109-& A+
4o 2 SYtt. HAAE At HE G AHE F
3}, head-worn microphone(AKG C410, Austria)
€ A A lem BoAAEE 43514 AT
32T A&3 fol/ WAL 50KHzE AZFsigion,
DAT(Digital Audio Tape, DTC-59ESJ, Sony, Ja-
pan)d] &% H ol & AAst B el AgslHT)

49 #=E FAZ JePiE sound level meter
(CAT. No. 33-2055, Radio shack, USA)= 5A3A}9]
BHA A 4hto] 2¥Isg o] 8] HX8 Fx, Tl
9] 42 50cm Eojz AglolA AAA HHRIE g2
Aol 4B} &2+ #RE 4 UEF sound level
meterg FRAM 0% X2 7]1&d] AN A FEE
A FAEE A4 Foleulg FJok. 71ES
9] ZE(65dB)A +/-10dB9] z}olE FolA 37}A]
=87 (soft - 55dB, comfortable : 65dB, loud : 75
dB)o2 W& SIS St

71E5E &7) e, BEA /ol xelE A&EA
Hinghe AAE Fo] E2RHE 7| EFHee) Ada g
H3E frEste AT Dk AT oo 2w
3} F 5278 s doll HEFUSE vlwsto
¥-8-(1 semitone) e} XH& HolH, 27]9] /o}/ HAdA|
ARES WSS 5o DR 71ES0E sk
BhE o] de] Zfo]E Ro|H /ol W& 2~33] thA] 3
BA 39 7Y g NESLE Falgn 18]
AAHW pitch pipe(Quartz metronome, SQ-88,
Seiko, Japan)E ©]&38ld 7[ES EoldlA +/- 2
semitones®E 4% Sxold digt H4E dA(cue)
g AFsPEA 371K &= 37 (high/comfortable/low

pitch) 22 2AsHA 3tejA], Az 371X ZEd
A I SR8AE 2FF F A 249 =2
oM ZAALE gte] 1 AAZ Y AFAE v A
=3

3718 971X 9] HARERA wE o}/ A& MDVP
g o] &3to] ¥A% A3 F, B4 T AN S
371 913819 jitter percent(Jitt)9} fundamental fre-
quency variation(vFo)& ¥]|aatgon, g AZ
o] oAS ¥7) ¢3le] shimmer percent(Shim)$t
peak amplitude variation(vAm)& H|®s}ich 2 9
o noise to harmonic ratio(NHR), amplitude tremor
intensity index(ATRI), degree of subharmonics(DSH)
€ )23l ¥rHTable 1).

FAAIE &8, & U 2 59 =9 7
T, & 718559} 65dB27| 2ANA Y 24 2HE
7|EL2 B, 7|ete] 87A] B 20X ARE 47
u) 33l o) paired +test® ATt

& o

Short-term frequency perturbation& 9|73}
Jitte] B¢ 2AAEIE g o AR FosA
EUAE g 2YT, A= £ o gE FE 2y
t}. Long-term frequency perturbationg &jvjah=
vFoE 24257} 35 o BAFLE fFostA EU4A
& gk& B H(Table 2).

Short-term amplitude perturbationg 2ju|3l=
Shim®] ¢ HAZ=7t £ of s w3214 vt
o FAHCE fostA Y e Rt Long-
term amplitude perturbation® 2juldH= vAmlAl
EMALEI 30 B SRA BAF R S5
e gs Bt Table 2).

WAZES] Wi Z7AEE YehllE ATRIGAE
PARETL e of FAZLZ sl EFES &
RgoH w2 $AAEs 2 o Y gE 2yt
(Table 2).

t & (harmonics)el A& T AEE ujsie
NHRelY} sub-harmonics®] AEE ¢v|3l= DSHo
ME ZE Z214A v23 IEE ghe BYx, Hedt
gz Hlgte] FAHOE fojg Aolg Bolx F
StcH(Table 2).
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Table 1. Definition of parameters of Multi-demensional voice program(MDVP)

Sym* Parameter Definition
Jitt Jitter percent Evaluation of the variability of the pitch period

It represents the relative period-to-period(very short term) variability
vFo Fundamental frequency variation Relative standard deviation of the period-to-period calculated Fo

It reflects the very long term variations of Fo

Shim Shimmer percent

Evaluation of the variability of the peak-to-peak amplitude

It represents the relative period-to-period(very short term) variability
of the peak-to-peak amplitude

vAm Peak amplitude variation

Relative standard deviation of the period-to-period calculated peak-

to-peak amlitude
It reflects the very long term amplitude variations

NHR Noise to harmonic ratio

Average ratio of energy of the inharmonic components in the

range 1500 -4500Hz to the harmonic components in the range of
70 - 4500Hz
General evaluation of the noise presence

ATRI Amplitude tremor intensity index

The ratio of the most intensive low frequency modulating

components(amplitude tremor) to the total amplitude

DSH Degree of sub-harmonics

Estimated relative evaluation of subharmonic to Fo components in

the voiced sample

Sym* : symbols of parameters of MDVP

n 2

el A e RS FAHE wd] g BAIME
B9 20} wet dHrt AR Fa-g B T AR,
T AR FF9] o] M ARE 210E vEY
WX ¥ A4S BEd u, ARELS 249 S 7
o] W3l 2 gt tofd g AR, 7 by
9 28e AR A} st

2 Ao ME Heg 59 B4 (comfortable lev-
eD)g, AAAZE @z A o" B9 (modeling) ]
Y @A (cue) §lo] "BU3HA A2E WEAL ST A
AN &GS o FZA4x7 We B2 AE dtx, a1
9] &x8 AEE FA 7IEHE 4ol o] E T2
2 &5¥E +/- 2 semitones®, FEE +/- 10dBE
HEE Fo] o]5S 2T F WX HAxAE 4A
3t4ict.

Hetg 5] P WFL 3T Fox QW At 4
semitones, 25dB2 el ¥aA 217 & e By
& A7} 9l ¥, 1 semitone©]dte) 8 HEtin
218 7% Qe F o] Be&S & & At ol
o AREL 3 o2 AHAE Aoz 6 T T
% 44 A7k mefEhA ¥3 AEAR 2 /ol of
3 18 FaeE 2As, Hels #EY d4 e dF

A RE s vtk 1 Ax H2 214Hz, )
227THzZ °F 1 semitoneld] H& A& BFomZ
13]] &8 HAZAME Helg FF9] FAdA9 7]E
FR5EE AS F Aok Boinh, =g /ol 24 18] &
o2 &S A dl g 58S o) 98 A
A7 RS FAE FY 94 tist 2l 72
Foke g3 vl 93 2397 il st
o] M3E A AL Bt} A2 e 24 F
71 Y3 Aoji1, BAFoE AT AL A& 59 4
S Adgoz e Sxo A7t AA, A& B /oY
of Ao} uiwatrio] folatx] Foaet A=A 9
Folr}.

NELAM X9} ZEY AE +/- 2 semitones,
+/- 10dBE HAF A& Gelfer’s) ATl & =4
ol A EEL2 ¥E 38 71E£E +/- 1 semitoner}
+/- 5dB & A% A& melg Aoz 7 Az
Zl) 71 2dshs 87402 e TA & Aot

59 Aeo] &9 Az & Fgo M
/oV/&3} /ol/&ol /§/&l vld jitterd shimmerel
g o] A0 Jol/go] Jol/&RT jittertt
shimmer?} 8 Zdke 21%71 93t £ d70H 2
&8 /oH/S0E A Ak ofF Hud TASA jitt-
ert} shimmer 5 &9 AAEE Be AEHY Zol &
A7) 37] JAA[T B AFolE Age FE9 L
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Table 2. Mean values of each parameter obtained from sustained phonation /a/ with different frequencies and intensities.

The standard deviation associated with each measurement is in parenthesis

(* : There was a significant difference(P <.05) compared to the condition of comfortable pitch and loudness lev-

el)
A. Jitter percent{itt)
Soft Comfortable Loud
High-pitched 1.51(0.67) 0.73(0.57) 0.36(0.24)
Comfortable 1.15(0.64)* 0.61{0.40) 0.32(0.19)*
Low-pitched 1.62(1.63)* 0.68(0.56) 0.35(0.28)
B. Fundamental frequency variation(vFo)
Soft Comfortable Loud
High-pitched 1.32(0.62)* 0.84{0.53) 0.59(0.40)
Comfortable 1.34(0.82) 0.76(0.48) 0.64(0.50)
Low-pitched 1.70(1.36)* 0.78(0.60) 0.63(0.26)
C. Shimmer percent(Shim)
Soft Comfortable Loud
High-pitched 2.18(0.99) 2.33(1.76) 1.50(0.78)*
Comfortable 2.29(1.14) 2.56(1.06) 1.75(0.75)*
Low-pitched 2.86(1.41) 2.55(1.76) 2.03(0.88)*
D. Peak amplitude variation(vAm)
Soft Comfortable Loud
High-pitched 8.82(5.10) 7.99(4.64) 4.14(3.85)*
Comfortable 6.92(4.28) 8.24(7.08) 4.85(3.08)*
Low-pitched 9.24(4.78) 5.75(4.86) 5.92(3.91)
E. Noise to harmonic ratio(NHR)
Soft Comfortable Loud
High-pitched 0.09(0.05) 0.09(0.04) 0.33(1.07)
Comfortable 0.09(0.05) 1.79(7.67) 1.96(7.78)
Low-pitched 0.11(0.05) 0.09(0.05) 0.11(0.04)
F. Amplitude tremor intensity index(ATRI)
_ Soft Comfortable Loud
High-pitched 4.12(2.49)* 4.04(2.73)* 1.42(1.37)*
Comfortable 2.54(2.13) 2.36(2.27) 2.01(1.77)
Low-pitched 3.87(2.56)* 2.242.01) 2.56(2.17)
G. Degree of sub-harmonics(DSH)
Soft Comfortable Loud
High-pitched 0.92(4.11) 1.45(3.50) 0.17(0.77)
Comfortable 0.00(0.00) 0.11(0.51) 0.06(0.26)
Low-pitched 1.44(6.43) 0.06(0.26) 0.00(0.00)
A3 AL 7|Fe2 dAZ &% U ATsl 2 & E pitch pipe® 32 GME AR, A% A
& sgln I, 84S S ARAE S RA sound levl meter= AZA Sl A3
AANER ST Y £ ¥ skt Ferrand”s) d7dHE /ol/2el 24EA

K1

3k Aol TRl webx A T} Aol

W7 & Az 2wt
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o3 golol g AlFdA] %2
jitter7b SJulQlA Aoz} Yrkn Bushe §, &
Ao glojx] Foj=wle] g5 AFE v}
9] %7] @AY A= videostroboscope AN A HolF
= #3443} sound level meterd] dB #to2 Azt
A goj=dl g AAFAHIE sHedl, S= A=
ANztA mlo|=WlH thi= pitch pipeZ AT 34 &
ME AFH Feol Fa5 ATl A Yok d9E
BolA, A4 g A Fetd A& APsATt. A
77 BAs} A2 Fol=ulg A AFIT, 2
9 A A=t o # o]Fojzl ogle} AlgE )

BN S D ZE9] #ale me jitter? shimm-
erd] ¥Ed Uizt o]de AFEL YHHoR S&i}
£3 %7t E SYUFE jitter 2 shimmer7} 2o} ¢t
Ag Lol Are 2AE R, o] AN g
717ez B SAEH BG4S ueslE & ot
A A% sy TR = gt g AFF7]
% open phase} closed phase?] ¥]-&¢] zpol7} dr}
9Bz Ber} e 29 ALt closed phased) H]
8] open phase’} 4tz o& Zul, open phase:
closed phase® Tt A&3} 48oly o F AuZ§9
%ol &3t dego] gouz HFo AY aE=
open phased] Bj&°| B& R SolAE= &9 4
FAE} AXA drt. FE9) #sl g JFE vo-
calis muscle®} cricothyroid muscle®] 4&#-go0=2
AR Al AgdAe dHE SEE FA57] 4
3] vocalis muscle?re] T8 24§ &t gloj ©Y &
59 AdHe 24T gl wet Hje] AFAF
(vibratory mass)eltt Jojdeld Hal7t Azt 28
U F9471 Folde] w2} cricothyroid muscled] 4=
Z0]-&°] FolA vocalis muscle® T¥-& o|F=H) o]
= AhE NPAF] 2 vocalis muscled)] ZE2HE-E 3
o ohdE &8 J F A §1. )& AEH 7AW
2 2 agd SR A SAAME jitterst
shimmer7} 22 ¢A" Fo| vow W, ALY ¥
=y SolM e ulad EdAE &o] UoE AL o
&g 5 Aot

B Ao x short-term frequency perturbation
o] AAFQ Jitt M SEAES g o Hg 24y
of vjal FAHoRE EAH S BAD AEst F of
HdE Zt2 B 929, long-term amplitude pertu-

=
e
R
4

rbation® Z|EQ vFodll M= BAEZ2E7 2He o Bat
A AS Hole 5 ¥4 A% g Wl Zo] 3
A Yeltt}, Short-term amplitude perturbationg
o}y 7] 913 X ¥ ShimelMe HAHREN 2 9 £
ARoZ FoatA gAY FHE HEH, long-term
amplitude perturbationq) vAmej & B4 57} =2
I EE SRoA AE e Holt: T HA Axd
o WshEnt ohlel £kd WE ®ist PR B F
Ak 19 EPFEY "he Vg B F e
ATRI G4 #4457} 2& dro 2 o obAd gks
Ao 2802 g% 9 Ax9 o] BF $A
GAL JFL F= A0 SEHTE ZEY
Z10 whet A A E] At E AYLE & 5 3
Ak,

whaba, Bk =39
2 Zdolx9 BAo] 713 AHE A E dE 5 3lE
Z209& ¢ FA%en, g 159 Ay 47 2y
£ el SlolME ojujd B 23N AAE
ANSHEAE B v wshs o] vj§ Fasdlee A
25

et} A=7t 10dB A%

| £

Hgel A=t 249 ABH HIHE il SHE
YA A B o, 7V QB4 93 34 2

g 92 & dE WHEAS 7| skl A
WHOE % % FE Ao uhet 97119
ol BE AnE vlne 2%, he

e o

ot = w7
FaEAEditt) 2 A7 FoeA% (vRo), 18
I SAEEHE] AZZHATRD ) S/ B4AE
S FEEH o, W2 10dBAE 2 S
7b 2 dv @7IEHF(Shim), B7|173E4
(vAm), ATRIS gto] Hetst 4ol vis] 74
A8 DAYEE s ol FAK 9Ad
o 9g& Fv AL BAY FurErs $AY 3=
A4S Ynake Ao R AlRFHYeH, weta SxjolA
Hebsh AR T ohA 2 22(10dB) 2 UAEHA 3l
AEAANE s Ao] 994 dx <Hd ARE

A % g PHEAoleta 42T,
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