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Acoustic characteristics of the sustained vowel phonation according to age groups
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Abstract

This study was performed to investigate acoustic characteristics of sustained vowels produced by Seoul Korean speakers.
For this study, three hundred nine healthy adults were chosen as participants from Korean Standard Speech Database. These
subjects were divided into five chronological age groups (20s, 30s, 40s, 50s, 60-70s) and two gender groups (male and
female). Fundamental frequency (f0), jitter, shimmer, and NHR (noise-to-harmonics ratio) was measured with 8 Korean
vowels (/a/, /&/, /al, lel, /ol, lu/, lar/, /i/) by using Praat. The results showed that the vowel type significantly affected all
acoustic parameters. Gender affected 10, jitter, and NHR significantly. The mean female speakers’ f0 was greater than the
males’, and the mean jitter and NHR of male speakers was greater than the females’. Moreover, age affected shimmer and
NHR significantly; in particular, the shimmer and NHR of elderly speakers was greater than the young speakers.
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Figure 1. Example annotations using Praat produced by a male speaker in
his 40s (aa: /a/, s: silence, qq: /¢/)
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Table 2. Mean(}/) and standard deviation(SD) of FO, jitter, shimmer, NHR, and HNR by speakers’ gender

. 0 (Hz) A H (%) Al (%) NHR HNR (dB)
v M SD M SD M SD M SD M SD
A 119.02 22.71 0.24 0.15 6.05 5.16 0.019 0.02 21.77 4.63
o17d 199.60 26.93 0.14 0.11 5.90 4.69 0.013 0.01 22.66 4.73
Bkl 167.01 46.95 0.18 0.14 5.96 4.89 0.016 0.02 22.30 4.71

3. A5, P, Bl WE 0 gkl B H EEUATS: Hy)
Table 3. mean and standard deviation of 0 for each age group, gender, and vowel category (Hz)
o HE

AEd | A / b/ /H/ /4/ /Al/ [/ /T/ /—/ /] A
Al 110.43 111.18 110.56 112.45 112.03 112.28 113.48 111.71 111.75
200 v +15.00 +15.28 +14.93 +17.59 +15.75 +15.04 +15.76 +14.87 +15.47
] 4 203.92 206.28 203.51 205.88 207.68 210.27 209.53 202.97 206.26
+16.56 +16.4 +20.8 +19.27 +19.09 +15.73 +20.13 +28.89 +20.04
g 112.8 115.43 115.14 116.61 117.61 117.22 119.86 117.94 116.53
30t) e +17.94 +19.15 +19.16 +19.27 +19.33 +19.59 +20.35 +20.03 +19.34
o4 189.86 192.7 192.39 192.79 196.5 197.74 198.33 198.17 194.9
+29.9 +34.34 +34.24 +35.67 +38.51 +33.72 +40.1 +36.18 +34.78
e 118.85 122.27 120.4 120.94 123.86 125.02 124 121.86 122.13
401 v e +23.38 +26.61 +26.16 +25.91 +28.08 +25.73 +26.12 +25.66 +25.89
34 194.18 197.83 197.53 197.54 199.88 201.71 202.17 199.85 198.81
+25.38 +24.12 +21.7 +24.39 +25.94 +25.17 +26.79 +29.39 +25.47
Al 122.22 123.38 124.56 125.83 125.55 129.2 131.02 128.56 126.24
sot v +24.68 +24.33 +25.27 +28.05 +25.52 +25.37 +25.95 +26.96 +25.73
] 4 195.35 198.67 197.16 199.47 201.03 200.59 202.49 200.3 199.38
+31.53 +27.24 +31.01 +28.02 +29.66 +30.73 +30.23 +32.69 +30.15
g 124.46 128.74 126.08 128.4 125.31 126.29 127.46 126.51 126.67
60t ve +26.21 +28.64 +27.31 +27.76 +27.54 +25.74 +26.35 +28.43 +26.81
RICH RS, 187.19 190.52 190.78 194.38 193.86 194.63 197.16 189.95 192.34
+24.01 +22.11 +25.76 +26.69 +23.71 +28.95 +27.87 +25.25 +25.51
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Table 4. Significance level of f0 among vowels

W | S A Al e | |
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Figure 2. Boxplot of f0 for each age group and gender
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Table 5. Mean and standard deviation of jitter for each age group, gender, and vowel category (%)

HaE B
A= [ I}/ /H/ /q/ I/ L/ T/ /—/ I/ 2 A
200 ol 026+0.13 | 02240.08 | 0.22+40.08 | 0.25+0.15 | 022+40.09 | 021+0.12 | 0.22+0.12 | 0.21+0.08 | 0.23+0.11
o] | 0.16+0.15 | 0.14+0.10 | 0.14+0.10 | 0.16+0.18 | 0.1240.07 | 0.14+0.11 | 0.13+0.10 | 0.15+0.11 | 0.14+0.12
300 | 025+0.11 | 023+0.10 | 0.22+40.07 | 0.24+40.13 | 0.20+0.08 | 0.20+0.08 | 0.20+0.09 | 0.22+0.10 | 0.22+0.10
o] | 0.15+0.13 | 0.1240.04 | 0.11£0.03 | 0.13£0.09 | 0.10£0.02 | 0.11£0.03 | 0.10+0.03 | 0.12+0.09 | 0.12+0.07
401 o 0.23+0.08 0.24+0.18 0.22+0.14 0.25+0.21 0.24+0.22 0.21+0.17 0.19+0.09 0.21+0.14 0.234+0.16
o] | 0.18+0.19 | 0.14+0.14 | 0.13+0.08 | 0.13+0.08 | 0.14+0.10 | 0.1320.07 | 0.12+0.08 | 0.15+0.13 | 0.14+0.12
sod Y| 025+0.13 | 0274022 | 0294026 | 0.3040.32 | 0.25+0.13 | 0.24+0.16 | 0.28+0.29 | 0.25+0.14 | 0.27+0.22
o] | 0.16+0.16 | 0.13+0.09 | 0.15+0.12 | 0.14+0.11 | 0.14+0.10 | 0.17+0.15 | 0.13+0.07 | 0.16+0.12 | 0.15+0.12
60t | ¥ | 0.31£0.16 | 0.29+0.10 | 0.29+£0.10 | 0.29+0.12 | 0.28+0.12 | 0.29+0.11 | 0.3320.19 | 0.30+0.14 | 0.28+0.13
ol | o | 0.15£0.08 | 0.17+0.10 | 0.17#0.12 | 0.16#0.12 | 0.15+0.08 | 0.16+0.10 | 0.16+0.11 | 0.14+0.07 | 0.1620.11
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Figure 3. Boxplot of jitter for each age group and gender
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6. L5 A A FAA o=
Table 6. Significance level of jitter among vowels

T It/ /H/ /4/ /A7 /L] /T /—/
/' _ ok Hokok wok
I/ -

/4/ -

/.”/ _ * * *

/o Hokok * -

/T/ Hokok * -

/—/ ®% * _

I/ *

" p<.05,” p<.01,”" p<.001
3.3. 414

® 7 AHe] H
Zlolt}, -4 Al <

s Ao} AE, wSof whe} A A g
% 1ol webA xkolE B.GITk(p<.001).
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Figure 4. Boxplot of shimmer for each age group and gender

83l Bl wEha] A7} 2folE HolET|(p<.001), /—,
A, 0,4, b, 1/ o2 A sgetgke] AA Yebstt /
—/= 5.38%, /1/ 5.54%, [/ 5.67%, / 1/ 5.76%, / 1/ 5.84%, / }/
6.22%, /' T/ "= 6.52%, / | 1= 6.66%2] H3te B 18] &

8ol A E Az} o) j—/, /) [V, 17,1 17 O RS S
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Table 8. Significance level of shimmer among vowels

e A A A A R VA L A v s v
/ |./ _ k%
/H/ _ *kk

/4/ - *

I/ -

/L/ - skodok

/—l—/ skeskosk * skekosk _ sk
/—/ ok ok -

" p<.05," p<.01,”" p<001

27 A9, AE, BEo w2 AlH §re] B @ EEUAHDEH: %)
Table 7. mean and standard deviation of shimmer for each age group, gender, and vowel category (%)

B B
EEEREE Y N/ /q/ Al ] T/ /— /17 BE]
sou) |E_| 6536439 | 5394451 | 534443 [ 5602488 | 5412450 | 665:464 | 4974397 | 556379 | 5724441
o | 6.1242.92 | 5.95:4.54 | 5.6843.83 | 5.44%3.13 | 4.96£3.52 | 6484535 | 496401 | 5755546 | 5.67£4.20
sou |2 | 6795559 | 6262496 | 6205477 | 584x428 | 5914596 | 58IxA11 | 544503 | 6584585 | 6124510
o] | 4965242 | 3565182 | 4.1442.62 | 3714148 | 3.7742.69 | 4.87+2.97 | 3.6842.41 | 5.1943.55 | 4.36+2.69
sor) [T | 5636334 [ 455:298 | 5994553 | 4854363 | 5364502 | 5414518 | 5204578 | 621547 | 540472
o] | 5.8843.62 | 5.1044.57 | 5344353 | 4.6943.69 | 5.14+446 | 6444503 | 4984374 | 6.66£5.15 | 5.53+4.30
son || 5922292 [ 831:803 | 8104637 [ 7.63+771 | 802790 | 8234853 [ 7.74£726 | 87147.66 | 7824721
o] | 7.18+4.85 | 7.0046.06 | 6.59+4.68 | 7454635 | 6224522 | 8.0046.59 | 6.19+5.18 | 9.0247.21 | 7.20+5.87
60t | & | 6.0042.64 | 5.66+3.17 | 5.33+3.18 | 531£3.14 | 4.8943.64 | 6.0843.74 | 4.65+3.06 | 5.23+3.71 | 5.40+3.28
ol 4 | o] | 6.08+3.98 | 4.8242.85 | 5.1243.44 | 5314433 | 4984348 | 5.5543.56 | 5454399 | 4.73+£3.14 | 5.28+3.62
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wok ohy gt A% 259 B 7o) e gw Bt
(p<.001)./ | /2] A%, 50t) T1F0] thE BE KT 1981
£ 78 BATH20, 30, 60t )4 p<.001, 40th: p<.01). / H/&) 7
$-30-50tll(p<.01), 40-50tH (p<.001)7} -2 3k 2fo] S B o /
1/9] 7% 20-50th(p<.05) FH&Fito] 23k xpo] & WAk /4|/
2] 73%- 30-50th(p<0.01), 40-50tH (p<.001)7} Z}o) & WA, /o /
9] 7% 20-50t) 2 30-50tH, 40-50th7} ZFo] & K. Thp<.05).
79 7% 30-50tH(p<.001), 40-50th(p<.01), 50-60TH ©]*F
(p<.05)°] 2}o]E Hl 0w /2] 72 20-50t (p<.05), 30-50TH
(p<.01), 40-50tH(p<.05)2] 2ol & HAT) / | /= FLshA At
Zke] Apo| 7} E A ke BFol Tt

3.4.NHR

3 9% NHRO] Hghs A9 W, 2ol wjet Al e
Zlo|th, NHR Al 7HA] Wigrol| A B -l u]skA] FA| 2?1 2}
o5 WAThAH 15, A4E: p<01, B2 p<001).

WA A8 75 upel A8, 20t 0.016, 30T 0.015,
40t 0.013, 5000 0.022, 60tH 01*Lg 00129 HHAHE B
of, sotf 1ol v IFET BT 1% 2ol Bl
(p<O1). YA 15 7l o)t 1}017} EABHA] ok
7 55 SElA = sod skAf Jwko] v A9 ek Afol&

20.019, 0%** A2 0.0139] HHEghS 2o,
Hrjol A YA o] NHR H o] o =7 vl o
} 1% 3 Heto] o] A vttt
npAeko 7 &) w2l NHR & AR, /—/7F0.011%
7 AL ke 1Y, /0011, /T/ 0.012, /1/ 0014, / 1/
0.017,/H/0.019, /11/0.019, / }/0.0239] <=2 2 & 312 BTh
28 7o) BAA f-o|E= i 100 AA ST

F10. 25 7ENHRS] 544 o=
Table 10. Significance level of NHR among vowels

Az | /b I A A | | I~

/ |./ _ * seksk seksk sekosk sk

/H/ * - * EE T EETY ET TS

/_I/ sesksk *® - sk

/.”/ sk - EE T EE T ET TS

/L skesksk skesksk EE T -

/—I—/ sk stk seskesk _

/_/ seksk seksk seksk _
T p<05,” p<01,” p<.001

w
n
o
i/

HOITHE 21 Selg 4 gtk A7 B3 0, A6, Alv), NHR®] 4 A3 A% 18,
g, o] Webd A ugkt $A0% oSS FEeh X
T 113} 2tk 919 o] wheh 0w o] 2 1Q) ShefulE
Al 2k NHRO| $1 0.1, /g of] whe} TrA gk 2fo] & 1.l w2t
w09} ], NHROIGI). 3H8l, 5 wjebule] grol
0.06- _ — _
18] el LRHCHE A 5 Do W 0
- 4% AR BEHdd, 09 49 A% 153 e 4%
o o -
: Apgo heea, Al o] Z 5ol 93 18 g ko) 4
0.02- . zh-go] THE ik
L
0.00-
26[»{ 3(;31 46[»{ 5(3[}1 60[;}0\@
oy aE
I9 5 A% 057 Ao WENHR A 1Y
Figure 5. Boxplot of NHR for each age group and gender
9. A=, A, &l w2 NHR kol B 3 2FH A}
Table 9. mean and standard deviation of NHR for each age group, gender, and vowel category (%)
A% )
A"y | 4 /t/ /H/ /q/ /|7 /L] /T /—/ /|/ A
200 H | 0.024+0.03 | 0.017+0.01 | 0.013+0.01 | 0.024+0.04 | 0.014+0.03 | 0.015+0.02 | 0.011+£0.02 | 0.014+0.02 | 0.017+0.02
o] | 0.021£0.02 | 0.022+0.03 | 0.011x0.01 | 0.021+0.02 | 0.006+0.01 | 0.009+0.02 | 0.011+£0.02 | 0.016+0.03 | 0.014+0.02
300} = | 0.029+0.03 | 0.023+0.02 | 0.016+0.02 | 0.024+0.02 | 0.010+0.02 | 0.011£0.02 | 0.012+0.02 | 0.020+£0.04 | 0.018+0.02
©] | 0.014+0.01 | 0.012+0.01 | 0.009+0.01 | 0.014+0.02 | 0.003£0.00 | 0.007+0.01 | 0.004+0.00 | 0.009+0.01 | 0.00940.01
40) = | 0.020£0.02 | 0.019+0.04 | 0.014+0.02 | 0.020+0.03 | 0.016+£0.04 | 0.014+0.03 | 0.016£0.05 | 0.018+0.04 | 0.017+0.03
o] | 0.019£0.02 | 0.014+0.02 | 0.009+0.01 | 0.013+0.01 | 0.007+£0.01 | 0.009£0.01 | 0.006+0.01 | 0.014£0.02 | 0.011+0.02
50t} | 0.036£0.06 | 0.042+0.07 | 0.030+0.05 | 0.035+0.06 | 0.028+0.05 | 0.025+0.05 | 0.027+0.05 | 0.033+0.06 | 0.032+0.06
o] | 0.023+0.02 | 0.017+0.02 | 0.017+0.03 | 0.020+0.03 | 0.015+£0.05 | 0.017+0.03 | 0.010£0.02 | 0.019+0.02 | 0.017+0.03
60th = | 0.021£0.02 | 0.017+0.01 | 0.017+0.02 | 0.020+0.01 | 0.011£0.02 | 0.012+0.01 | 0.011£0.02 | 0.011£0.01 | 0.015+0.02
o) o] | 0.021£0.02 | 0.010+0.01 | 0.012+0.02 | 0.008+0.01 | 0.005+£0.01 | 0.009+0.01 | 0.007+0.01 | 0.009+0.02 | 0.010+0.01
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1L AT B3] FAF Frol= 2.9
Table 11. Significance level of the effect among the factors

25F f0 A E A9 NHR

q:]_eg :/_.g_ EEES sk
A Heoksk sk sk
_T_J_% sk seskok sk seskok
A% 2484 o
A9 I Ee
PR
AP IE A
" p<05,” p<.01,”" p<.001
4. =2
4.1. 55

B2 BaLollA 45 573 shetvlE 47 BFellA kel &
HolE @4tk o $4 ARS /77 22 3k 23

IS RS 7} 7P aks BTk AE = o] 9 R =
I belA 7V 23 j—ell A b Ak 7 22 A g
KQl /—/= A e} NHROIA = 7P 28 7S Kol HSo)
ATk o) 2k fFAFSHA, 71 2 A E ghE Bl / b /A= NHROA]
7].xla g}\—a y_oﬂq_ _‘li 7]_xla;\]u1 g)\—# E?_] E'—u o @1\4
IR/ ZaE A gebv|E Hits HEE ¢

S1E WA Fefshd & 129 2

E12. 279 Al E goll e B A2 AUE AL

Table 12. Vowel rank of acoustic parameters (shade: max. and min.)

10 A E A=
oo 2= 0o _(L:,o C [} _/‘L: [}
TE | ) =4 %) < %) %% | NHR |£9
/F/ 116301 1 | 020 | 8 | 622 | 6 |0.023| 8
/H/ | 16636 4 | 018 | 5 | 576 | 4 [0.019]| 6
/47116568 | 2 | 018 | 4 | 584 | 5 | 0014 | 4
A7 116669 5 | 019 | 7 | 567 | 3 [0019]| 7
/a/ | 16878 | 6 | 0.17 | 2 | 554 | 2 | 0011 | 2
/T/ 116904 | 7 | 017 | 3 | 652 | 7 |0012| 3
/—/ | 170.61 | 8 | 0.7 | 1 | 538 | 1 | 0011 | 1
/1/ 16616 3 | 018 | 6 | 666 | 8 |0.017| 5
Aol 29 Bt 2E S-S Ve 0= AR/ F/ellA
7P& A L REe] /—, T/oﬂﬂi 7] il AT o e
HelTka & 4 QT o] A Y o] ARG S VB
SR AFEEE S 259 A4 &% (intrinsic pitch)2}
T 3k, o] A3 AFoA Biw vl lth(Ohala & Eukel,

1987; Sapir, 1989; Whalen & Levitt, 1995 5).
ok, /] /8] A ol st Aol ol9)E Hol= AR
PR/ | A2 05 7P S 08 Bl / Y 2 vse®
S 0E Bl /4/92= 0.0018] 2] FEollA SAA 0 ® f
ofu] gk Zpo] & Kol7]i= FARE, o] REERT Y 0E
BRlok fogh= gepv| ezt Aol whet gkt 23 et
AAZE Zea welshd, JY s M A= BdS A
=g ] koL AFeRQi) ofo] e vE
= ] AlAEkE % 133 ok JAd v
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o1 MRS Lol A Ak WU ZE /b A, KL |+
T, — R0 07} 30 LERR . 3 128] %919l /|
o] g)21%o] 391914 5912 WEH 9l

F13. 0 Fgholl mE dE B =939 Hy
Table 13. Vowel rank of f0 mean for each gender (Hz)

=9 mE i 7
1 I} 116.02 195.36
2 13/ 117.72 197.76
3 IR/ 118.48 198.78
4 /A 119.16 199.13
5 /11 119.42 199.72
6 /1 119.68 201.00
7 faxl 12023 202.14
8 I~ 121.71 203.00

£ AR F5 vt} o] 2 gt
A Yehbs /a/eh /e B 37 7%?4 tam} %33_01 A
EACE HRIt oy A8 A7}/ /178 A=7E ulg- 7
7HH, e A AFS /0] e o Q3] F $4 2ol
1A R A5 g o vk gl v ek A
-, 2003; &R 2], 2015; FA S & F2A, 2016; o] 9],
2017). 5, //2] 0 F7Fgko] Bl A ol /b / | /2 v]Sedt
s Bl A /18 Fl apdellA A1 3he 4 Stk
o2, A AFe] F717F drhd A sA 5 HolF
= FAlolH, 1 ko] 75 T2 2t A e vERdth B
I} X B Q] A-S =05t A3 ATE AR, X B A AT
7t ARSGE O o] AAE AIFS HATE Wileox &
Horii(1980)2 /] AE} #kol /a, i/ R0k Zt}ar 8F3) © ™| Deem et
al. (1989)= //9] AE] Zto] /i, wrtl =vha ¥t} Ramig &
Ringel(1983)2} Sussman & Sapienza(1994)°l| 41 = /a, i, w&] A €&
HWEkd S w50 7 A= XE 7} Dol thal 7]48H)
T} B2 Horii(1982)Ur Orlikoff(1995) 2} 20 B 7+ A €] 2] x}o]
7F EAA SR fejulakA] ghokal sk A% Ik
B AT Aol A= X e = /—/oll A 71 Zan, /el A 7
Atk &, sAbso] /—/ETH HE SN W AuFoE o &
TES 72 FoFE AT AR B 9k 28| A ES
IY7VARS |, — T, SRS /L/BY 5281 2 3 B3
o7 9] golet X7 e 7htk & 4= 9l S Aolth
Al = 1%ﬂ o] guhi} A A E HolF= A=,
I #ko] 5 X1%o] LA 3hE VFERATE Horii(1980)l 4=
/a, 1, W= v‘f‘}%?ﬂ' A} 2] A7 A, wETE 723 1o,
Sorensen & Horii(1983)° X %= Al & 7F&-d) /a/2] A7} 713
331 w7t 7P A2 A SR 71EEH QT
B0 FA Aol A= /—/7F 7P A2 Al ghd BolaL, /
| 7} 71 2 @& B3k o) /—/He)/ | oz o
A IF 0 R AEEH S-S ofu] gtk A3 AgtelA 7}
A RS B /A, TR FE ks BT o
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Table 14. Vowel rank of jitter mean for each age group (%)

=4 20t 30t] 40th 50t 60tl ©1%
U | /—/ | 497 | /—/ | 494 | /Al/ | 473 | I—/ | 6.64 | /-/ | 4.94
2 |/ |57 | A1/ | 526 /H/ | 495 | /1 | 674 /| | 498
3 1 /47550 /ot |530|/—/ |5.04|/}/]680|/—/|5.10
4 | // 556 /717|548 | // |520|/4/]7.03]/H/|520
5 0/1/1565|/H/|5501| /47 |552|/0/]739|/4/]522
6 | /H/|567|/4/]562]|/t/ 581 /4/]7.50] /47531
7 1/t 633| /17611 /717|616 /7/ |807| /77579
8 | /1/|657|/F/|618|/|/|653|/]/]893|/}/|6.05

Az rhel whet w89 A
2 2e e
A

o &= /—/2)

= \AkE 2o, g a0
AA =917} 2dolsked et 20, 30, 500 L&
197} 742 2k ko, 4ot)) Z1E-olX+= /4] /, 604
ol Z1F oAM= /8] Fhol 7HE ALt W =, A7} 7
2 25220t 15l /1, 30t 2k 60T) o] TF ol E
F/, 4ot &} 50T 25l A=/ | /S

upx]2k o 2 NHRS 70-4,500 Hz Alolo] EA3h= i3>
1,500-4,500 Hz Ato] ol EA|ak= v g4 w5 31e] vl & B4t
HlolH, 71 gro] EFF &£59 vl Eo] Hrh= AL gu|sith
7F4 2o NHR #He Hel 282 —/Olﬂ% 7V s Bl
TS/ HAT / HE CYE 5, NHRS Athd oz A4

yS|

Bgo] 2 ghg wolw, T4 wgo] 4 gk weltkn ¥

= Hd, 8709 Bf 7heE 7H =
ARl YA E Hohs BA/ H/eh/—ekal & 5 vk b Az

ol
ru
=
filo
o
o
.
2
_>::
oZ:
5
Hu
S
B
dlo
)
52
flo
aul
do
)
Mo
=

A
X2
L x4
o M
)

iy

et

Y

oX

I
&

1Y

e

o

B

)

®

v

o o 2
Ol
2l

=)

o
)
o
o
fit
o
rr
P
2
=
(o
e
=
N
e
. o
s

>
o
Auf

O
-

= /H/ﬂ/1l/7} ool A] o}Ur"l Bgo
SU- RS E-JC’]'UF 2o 84 0 7 2}
aithe Aol A Hejstel AES 2B
A A/ | /9F /A 17} 009k A ], Al NHReJA] =
2 F9% Aol E WolH] gtk oA Wl F %
shepu] e el A 2 i A Q1 Aol & HolR] ok A
oA /2 )/ R B st
S22 Z1 o7 Kt}

g
NI A
_\—'LFR
-
=2
_>.:

oS
e i

S K
U g

f
I
2

2

v}
ol
ol
N

M
z

1o o
X,

o, rﬂﬂ_,
o

Qo

4 &

B o do
30
32

D
>,
i
4 e
o
ol
ok,
rlr
Py
o
folr

IS
N
ox

0,

lrEm?L'mEoﬁ:
2 o 4 ¥ ook

Mo o
> I

By,

o9 57} ¢

012 @ Aol 9l
iwﬂiq_o)\o }HEP/l Zlo]7} & o

= Aﬁg]l% 53
0th ek 60th ~135-2] 7355 Al
L5 02 Aol -0l jt ¢
= Aol Tl et =

B2 X3
M 2> (o T
N
g
% o
g
&
5&
}fo
(=]

S
o

o,
A
o

ol
T ST

|

rlr
o
o
e
a:)
1)
i)
32
o
o
3

o rlr o =z rIf

o

PN

9

g

Jov e rlo A rlo
K b
o
o b 0%
<
—1HHL—HHHNPEF1FHNE

N

=
o)

o
ki

o]
(Hollien & Shipp, 1972; Schétz,
2007), 01*3% 7§ d7] o]F oA TE I W3R A Sixo)

iozw_z;ggg;mgrg

Lo yz

it
dle
i
o
)
o
o{}
ﬂOL
}1}

To] Ao i o)) sl AdFS ke 4= Qi)
A= w0 o Bk o] & Bk mERAF s BS
Uk Esh A% 1R 1he) Afoli= BAIA O R {o5HA = e
w}, 2050t A kS vl mwa) B 40th 7R = R EjAFe] 2 A}o)
7h $itk7t sothell o] =] [ gk FH AL gho] AR = Fd
o] #ZE Utk Baken(2005)°f W= A &= 20t ol 4] 4002
A Dottt sot & 717 SE 1 #kol FA4H AR =
o] TEAE |, 2 AT Ao A E ] W3] A]7]7) 50
o= v Floltk e i), A FA1E Bl A S
o3 shpel] vlal], =d A7) A ghAte] vls) A Js 5
719] 12 do] otk S & - AUtk

A, Al Aol whE 2Pl & KolX| = dgtov dE 1
Foll & zfo] & Hol= st EATh AlH S A] A E g} vzt
7HA 2 50t 2550 7PE & Bt BERAE o, v E A
O ZRE 5HAQI S Btk vl 2, i sAkE 7k

] sodfl spAkE2] AJ ) WEe] FFo] 743k Bt A ST
PO F NHRS 9% 157 A Ho) mE alol= BE o
A ﬂi‘ﬂ AT} A AL E 7o AuE 5ot 1ol
st FFEoA T IFRT S Bl $E, 3] A
= b“éﬂ g vlal] f2nEhA o 2 32 Hol= A
e 4= Uitk &, 71 Ao 7kl sonl) F o] 7HE =
o, R dol O & AS HES

[

o r{o o

o) =& Qokebd vkt 2tk P JdE vu
), oA A= =L ) FHE Kol P AtE =8 AJE
NHR #-& 2ok 1213 50t 150 o A7 M=
T 548 BolFlE], A7 9 NHR #ho] A Yrebst
olglst A¥= o9 Hage AR URbH o ¢ w2
SEo|E A 7tE ), wHA o HAE] 7t ool vls| URbA e
o7} wt1 AR gebA A ZtEth= 8o AES Avt
thar & < Qlvk Esh, A E 2} AW, NHR A7 S3std,

2

o do ol
(S Hr

74 Seo, Yoon-Jeong - Shin, Jiyoung / Phonetics and Speech Sciences Vol.10 No.4 (2018) 67-76



o
0,

o,

oX,

o

ojN

S

ol

ol

=l

A
o

o

> -

2

ol
r

\LE B
lo o
2L g

T
38
rlr
o
:(I)l;g

2
rr
>

O =
A= s0d] o] °]
T AF 7 A= Q1
Jo]7] wji-oll 279 8] s do] 2 YERd R o2 HAbe )

ok, 60t o]/ Z15F0] 71E2] AT 9= v
Th S BleAS Bolan 9l
Elo Higls ALAow A
A= 6ol o 12 At At U A 02 Aok

m.
ik
O]
)

N

)
o
=
R
ok
x2
o
Tt
2
)
=
dle
o
“
ic)
-
4
e
=2
o
o
o

o O 4N &2 de
o
to
rO
o
T
2
3u!

N
2
rlr

i e
1%
iy,
=

AN 9 o
K

2

fe

re

MR o

= o

>

8 =
o, &

2 0
offt
Y0
o)
|o

Y
o
oy
)
to
e
o
M

ol
ot
lo
o
ol
2
I
2,
o
=
i)
4
32
to S

o B

N o
~

£ dlo
RCT I )

2 ol
|o
A
r
3l

2 o e Mo

o &Y
2
|o
i
il
i)
o A
2o¥0 oo
N
i
ful
e
3l
oo
jake
o
it
pas
2 2 o

[}
[}
w koY
S O

LU
re

i)
&
2
oft
K=
oX
i
30 do I

° B 2 o O H
MR T o
ox,
)
o
Ko
N

o % g Lo

ot mN ox

)
3!

IS )

AUN)
=
=3

B
o

o i
59
rr

dfo o
[

o

&M

o
Jm

o
=
i
ol
Sk
2
X
1o,
o
oz
o,
=

A

i
s
iz}
to
N
%0,

lo

oo MY
o
r

o
&
ke
oy
=
_)‘:
I
tl
>

i Z 2 0] Apolof A= A28 £1(2014)0014 FA8] o
Far glo] FarrkE Ao,

ob&e], A A=) 5S4 60l o)/de] ATl viek A=
O] rEIF AU A o7 Atk SAZF SISk 13
2 Qlsto] 54 o] Wg/dS AA HojF= 3 doe]r] wigel B
o e AR A ettt whEbA o] F- Aol A= 60t 70
o, 8ot spAF kg AliEatar dlolH ] 5 F5ah= S0
upgrA e Zojok, vk ofujeh, Aol RelE 10th sk Hw
o7 grjjsto] ol 7] A 54 setvlE o] WskE A

%407 AEah 2% o] £ol Aok & A)el Rolt}.

.

1A |

Baken, R. J. (2005). The aged voice: A new hypothesis. Journal of
Voice, 19(3), 317-325.

Cho, S. M. (2003). An acoustic study of Korean vowel system.
Journal of the International Network for Korean Language and
Culture, 24, 427-441. (24 F (2003). T ) Foj o] =& A A o)
3 SFSAISHA Q) A SEF9T0f 25 24, 427-441))

Choi, S. H., & Choi, C. H. (2015). The stability and variability based
on vowels in voice quality analysis. Phonetics and Speech Sciences,
7(1), 79-86. (A4 8- H A 3] (2015). & B4 o] QloA] S0l
w2 ek A3} Wo A, Bhp o) 237 8F (1), 79-86.)

Deem, J. F., Manning, W. H., Knack, J. V., & Matesich, J. S. (1989).
The automatic extraction of pitch perturbation using micro-
computers: Some methodological considerations. Journal of
Speech and Hearing Research, 32(3), 689-697.

Gloud, W. J. (1975). Quantitative assessment of voice function in
microlarnygology. Folia Phoniatrica et Logopaedica, 27(3),
190-200.

Hollien, H., & Shipp, T. (1972). Speaking fundamental frequency and
chronologic age in males. Journal of Speech Language, and
Hearing Research, 15(1), 155-159.

Honjo, 1., & Isshiki, N. (1980). Laryngoscopic and voice characteristics
of aged persons. Archives of Otolaryngology, 106(3), 149-150.
Horii, Y. (1980). Vocal shimmer in sustained phonation. Journal of

Speech Language, and Hearing Research, 23(1), 202-209.

Horii, Y. (1982). Jitter and shimmer differences among sustained
vowel phonations. Journal of Speech Language, and Hearing
Research, 25(1), 12-14.

Jang, H., Shin, J., & Nam, H. (2015). Aspects of vowels by ages in
Seoul dialect. Studies in Phonetics, Phonology and Morphology,
21(2), 341-358. (A3 - A1 A - F 54 (2015). A& HA =
SO ARE A R S 52 FHE F7521(2),341-358)

Jun, E. O., &Ko, D. H. (2007). The voice quality of the children with
cochlear implant according to the time. Speech Science, 14(4),
213-220. (A &2 L EF (2007). QF8}H-$- 0] 2] A] 7] of| W& o}
5o 542 54, 2YF, 144), 213-220.)

Kang, J., & Kong, E. (2016). Static and dynamic spectral properties of
the monophthong vowels in Seoul Korean: Implication on sound
change. Phonetics and Speech Sciences, 8(4), 39-47. (FA]-2-&-
27 (2016). A2 A TFE5-0) Av] Askel S @A AT
AR THE} A H . 2] of 24 7S, 8(4),39-47.)

Kang, Y. A, Park, S. H., & Seong, C. J. (2009). Articulation
characteristics of patients with idiopathic Parkinson's disease and
normal-aging group: Articulatory rate & acoustic vowel space.
Journal of Speech & Hearing Disorders, 18(3), 115-135. (% o}|-
HRE 3] A (2009). ARIEW Ao Y wRle 25 5
A AT 25 H59 Be 5% 31t HFETT 1803),

Seo, Yoon-Jeong - Shin, Jivoung / Phonetics and Speech Sciences Vol.10 No.4 (2018) 67-76 75



115-135)

Ko, D. H. (2003). A study of extracting acoustic parameters for
individual speakers. Speech Science, 10(2), 129-143. (L. =%
(2003). 7N Es}ALe] S fetrl g 2ol #Ag AT 4T}
g E e JABAE TASE, 278 10(2), 129-143.)

Lee, H. J., & Kim, S. J. (2006). Age and sex differences in acoustic
parameter of middle age and elderly adult voice. Malsori, 60,
13-28. (01 &EZ- A7 (2006). - =37] A 242 A
Aol M2 FFS 2 54 vlal gt 60, 13-28.

Lee, H., Shin, W., & Shin, J. (2017). A sociophonetic study on
high/mid back vowels in Korean. Phonetics and Speech Sciences,
9(2), 39-51. (°1 - 4l-9-8- 21 A 4 (2017). =] 4 1-F
Bl tigh Al SAe AT ig/el 2¢78 9(),
39-51.)

Morrison, M. D., & Gore-Hickman, P. (1986). Voice disorders in the
elderly. The Journal of Otolaryngology, 15(4), 231-234.

Ohala, J. J., & Eukel, B. W. (1987). Explaining the intrinsic pitch of
vowels. In R. Channon, & L. Shockey (Eds.), In honor of ilse
lehiste/ilse lehiste piihendusteos. (pp. 207-215). Dordrecht: Foris.

Orlikoff, R. F. (1995). Vocal stability and vocal tract configuration:
An acoustic and electroglottographic investigation. Journal of
Voice, 9(1), 173-181.

Ramig, L. A., & Ringel, R. L. (1983). Effects of physiological aging
on selected acoustic characteristics of voice. Journal of Speech
Language, Hearing Research, 26(1), 22-30.

Sapir, S. (1989). The intrinsic pitch of vowels: Theoretical, physio-
logical, and clinical considerations. Journal of Voice, 3(1), 44-51.

Schétz, S. (2007). Acoustic analysis of adult speaker age. In C. Miiller
(Ed.), Speaker classification I: Fundamentals, features, and
methods (Lecture Notes in Computer Science) (Vol. 1, pp. 88-107).
Berlin: Springer.

Shim, S. Y., Kim, H. H., Kim, J. O., & Shin, J. C. (2014). Difference in
voice parameters of MDVP and praat programs according to severity
of voice disorders in vocal nodule. Phonetics and Speech Sciences,
6(2), 107-114. (2738 A &3] A S A A (2014). FHAH
&4 =550l w2 MDVPS} Praat T2 713 8 a2} g 2}
o). B4a]9] 2473 6(2),107-114.)

Shin, J. Y., & Cha, J. E. (2003). The system of Korean sounds. Seoul:
Hankukmunhwasa. (%] 2] 9 - 2FA-2 (2003). -2/ 2 &~2].9) #]
A Fo] S22 778 ]2 E /81 A& = ESIAL)

Shin, J., & Kim, K. (2017). Developing a Korean standard speech DB
(). Phonetics and Speech Sciences, 9(2), 9-22. (21 A9 - A 743K
2017). 32 TF 4 DB T3(Il). F2/2f 55751, 9(2),
9-22)

Sorensen, D., & Horii, Y. (1983). Frequency and amplitude perturbation
in the voices of female speakers. Journal of Communication
Disorders, 16(1), 57-61.

Sussman, J. E., & Sapienza, C. (1994). Articulatory, developmental,

and gender effects on measures of fundamental frequency and
jitter. Journal of Voice, 8(2), 145-146.

Whalen, D. H., & Levitt, A. G. (1995). The universality of intrinsic FO
of vowels. Journal of Phonetics, 23(3), 349-366.

Wilcox, K. A., & Horii, Y. (1980). Age and changes in vocal jitter.
Journals of Gerontology, 35(2), 194-198.

* 21-87 (Seo, Yoon-Jeong)
AN ol =237 3k
A2 AR AR 145
Tel: 02-3290-2505

Email: phon_etic@naver.com

[e] o) [elKe)
ARk S48 =2

uhAl3 g A 2

212 (Shin, Jiyoung) i1 4] 2}
st Fol 2 Eeta ma
A& AET R 145

Tel: 02-3290-1973

Email: shinjy@korea.ac.kr

i=] Se) S [ele)
TRk 548 2

76 Seo, Yoon-Jeong - Shin, Jivoung / Phonetics and Speech Sciences Vol.10 No.4 (2018) 67-76



