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Acoustic Characteristics on the Adolescent Period Aged from 16 to 18 Years
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ABSTRACT

During adolescence the mutational period is characterized by the changes in the laryngeal structure, the length of the vocal
cords, and a tone of voice. Usually, adolescents at 15 or 16 reach the voice of adults but the mutational period is sometimes
delayed. Therefore, studies on the voice of adolescents between 16 ~ 18 right after the mutational period are required.
Accordingly, this paper attempted to provide basic data about the normal standard for patients with voice disorders during this
period by evaluating the vocal characteristics of males and females between 16 ~ 18 with an objective device bycomparing and
analyzing them by sex and age. The study was conducted on a total of 60 subjects composed of each 10 subjects of each age.
The vocal analysis was conducted by MPT (Maximum Phonation Time) measurement, sustained vowels and sentence reading.
As for /a/ sustained vowels, fundamental frequency, hereinafter referred to as F,, jitter, shimmer, noise-to-harmonic ratio,
hereinafter referred to as NHR were measured by using the Multi-dimensional voice program (MDVP) among the Multi-Speech
program of Computerized Speech Lab (Kay Elemetrics). The sentence reading, mean F,, maximum F, and minimum F, were
measured using the Real-Time Pitch (RTP) Model 5121 among the Multi-Speech program of Computerized Speech Lab (Kay
Elemetrics). As a result, according to sex, there were statistically significant differences in F,, jitter, shimmer, mean F,,
maximum F,, and minimum F,; and according to age, there were statistically significant differences in MPT. In conclusion, the
voice of the adolescents between 16 ~ 18 reached the maturity levels of adults but the voice quality which can be considered
on the scale of voice disorders showed transition to the voice of an adult during the mutational period.

Keywords: normal adolescent voice, fundamental frequency, jitter, shimmer, NHR, mean Fo, maximum Fo, minimum Fo
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Table 1. Characteristics of subjects

o 3HA (n=30) & 8FA(n=30)

R A "6 17 18 16 17 18
(=10) (n=10) (1=10) (n=10) (n=10) (n=10)
AAHem) 172,63 17420 17670 160.90 163.00 160.10
AFke) 6220 6460 6350 5590 5040 54.90
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version, 18.0) B4 ZTEZ 1S o] &3AY. T AHANA A
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(independent t-test)=, 5Y AAHA AH Tl W2 A
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3.1. MPT

3.1.1. dEel & MPT

13 Aol A AEo] W2 MPT HTF9 Aol T3
2t} 16M91A4 MPT B2 E8A4(17.85%)°] I8HAY(15.82
)BT A3, 17A94E EEA(19.57F)0] 8482018
Z)EG @Ayt BT FAHSE o3 atol= YT 1
2y 184elM = FeH4.67%)0] H3HY(17.73%) B &
AR E FofatAl AAThp< .05) <&F 2>,

s

F 2. 4R AR BE MPT B¢ Aol
Table 2. MPT mean difference according to gender and age

A=A
W Y p - #*
16m=20)  17(1=20)  18(u=20)

17.85 19.57 24.67
= ) 009
2.82) (4.68) (6.14)
MPT 15.82 20.18 17.73
: ) ‘ 036
(sec) <l @.13) (3.40? 4.67)
p- & 086 743 011
mean(SD)

DT e] 1619} 184 2Ee] el p< 01
2o3stayo] 16419k 174 7] &Kol p< .05
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3.12. 98 W& MPT

TYE oA ARl WE MPT B9 Abole v
3 2k ol A" ael WE MPT B2 FAHSE
%«lsﬁﬂ S7F5FATHp< .01). 184181 MPT H#(24.67=)°]
16A419] MPT HH(17.85%) Bt} BAHSE FofsHA 2ot
(p< .01). 2 16A(17.8552)%} 1741(19.57%) 2 17A41(19.57
Z)9} 18M](24.67%) FtollE BAIFOE Fogk Ao/t T
<3 2>.

oAgtAoll A Aol WE MPT B SAHCE Fo7t
ztol7F AAtHp< .05). 17419 MPT H#(20.18%)°] 164]1¢]
MPT H#(15.82%) Bt} EAH o2 Fol3tA AAthp< .05).
a8 164(15.822)9 1841(17.73%) 2 1741(20.18%)9} 18
A(17.73%) e SAFLE Fo3 2|7} glAT<E 2>
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AE F8280.60)0] HEAY(1.02)RT Yok 18AlIAE @
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Zpol= QI Shimmer H+2] 2ol= 16418 174 B5F &
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Table 3. MDVP parameters mean difference according
to gender and age

A=A
W a4 - #
16m=20)  17(n=20)  18(n=20)
107.00 107.18 111.10
k3 607
. (10.15) 9.36) (11.23)
) 202.54 207.65 197.41
346
(Hz) “ (17.26) (10.42) (17.47)
p- % <001 <001 <001
0.68 0.60 0.71
= 697
- (0.32) 0.29) (0.28)
Jitter
o o 1.59 1.02 1.10 3
(%) (0.90) 0.82) (0.38) ’
p- 012 142 097
g 5.20 420 3.89 14
N (224 (1.78) 0.67)
shimmer
% o 6.34 5.57 5.57 sss
(%) (1.58) 1.97) (1.82) ’
p- % 205 116 013
0.15 0.14 0.15
w 181
(0.02) 0.01) (0.15)
NHR o 0.16 0.14 0.15 206
(0.16) (0.03) (0.02) ’
p- % 450 821 840
mean(SD)

3 4. AEI Ao w2 Real Time-Pitch "7/ H< H =)o)
Table 4. Real Time-Pitch parameters mean difference according
to gender and age

AR A
H A - %
16(n=20)  17(=20)  18(n=20)
120.63 119.19 11837
1 909
(10.73) (12.29) (11.96)
mean Fo 217.40 217.34 203.30
(Hz) o ’ : : 141
(19.21) (12.72) (20.19)
p - <.001 <001 <001
21423 211.01 171.56
k= .080
maximum (53.85) (42.38) (37.24)
F 269.08 308.21 284.56
’ o 206
(Hz) (60.29) (34.68) (46.10)
p-# 046 <001 <001
85.72 83.83 91.73
k=3 ! ! 229
minimum (7.69) (10.16) (12.84)
F 163.70 147.83 138.22
’ o 297
(Hz) (47.55) (32.91) (23.91)
p-# .001 <001 <.001
mean(SD)
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32171, Fo B AEAS Z&4 %’%H(‘*ﬂ-nsliwloﬁz
gA: 211.6£17.68Hz) 2 ET71(dA:120.8£11.93Hz, 143:217.1
+18.65Hz) A Fo B3} BlwstE v, £ Aolxe] gt
S0l 164 oln] 43l FF =2 A LAIHESY
], 2002). 8ol w} 164 B 17H] M= MPT B+t 2po]7h
SAXCR FostA o 1AM EEd(24.672
+6.14)0] 3MAY(17.732+4.67)H0h BAH 02 FoJstA 4
THp< .05). °l= ARE7I9IA A71= 3% & o ddje] <

A gl Aol7} wskstaA 7| de] HukA el WalkE 7k e
= WA71e] S4e dHoR HoFe Aonh AR dE
e f1AE AR A5 20tiell= A3 B A7 T Aol
30thell= AaFA 3 591, 40~50th o= A48 FA st

745 20tiell= A2 @ A3AEFA Abe], 30thol
AL, 40~50tholl= A3 B A4 FA Abolel
A|ske] ARE7] o] o= wulskA|RE AFo] F7hete] whe} &
FAA7} SAFRHE1S 9], 1998). EFF 11~16A] AFE71<)
A Zele 17~18mmolal A9l EAHs 17.55~23.10mm 2
A AT A<l A= 13~18.5mmE A7) Al7)9F =2
22 ThaeE 9, 1983). &, AAks Hadrieh 4
719 g7l 2 Aol7h QAL FAke] B9 Hadrel
HAZIE AARA ol AE Al SAd =Esiaitsit
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&5 3 QlokE AL ongith o2 s £ AT 164}
17A 7R = A8l et MPT B2 xtel7F 22| ¢l 18
Aol o] =2 FeA)s} ofshfo] Ak XPOM o #5
g Atk olE B AFolA dEAye A ol S7kel o
2} MPT Hto] BAIHCE froat7| %7}2‘& AHE AH A
of Ad & vt F, WAV|We 27} wstshHA A
o|Z] XA WA FTHo| HA} AFo] Skl whe} FopAH
A oolel Al TEFAHI HAUHFY X3= o] FoH
MPT Bvt% 718 2102 et (d=d, 54, 2007).
ofgto]l A9 164)(15.8242.13%)0ll HI3] 174(20.18+3.40
i) 2 184)(17.73+4.67%) EF MPT Hito] Aon o=
adrle] F5o] F2A Aol A7 Yoy TEsYe
Folee ridith AAR HZ FedAs ALY
e F4 Rkl tigk A77F HA solva ok gad
4ol A vE d4o WAy 24 wsng =eivkg
= ot obgrlol Hig) S| FUket 7o
o7} Aojzl Z1& WAEH T (Gackle, 1991; Weiss, 1950).
ReddEd A Fo ®a3 £9¢)7] Al Fo, maximum Fo
S} minimum Fo B12] 2ol BE ARolA Feaio] ot
ARG AR FoahA WdTHp< .001). ol= A =9
Fxol WAZIZE 12~134] o] FHH AlZEo] A1 FF &
Zo S8 HRA 164~18419] HAa
Ao F& Zo7t F4s] I Ae AW

2= Aele] 71744 wvIghe] Aukael Wsks =34 A
/K

@t} o8t
4 SITHHollien et
al, 1994; Haruhito & Michinari, 1990). ¥+ F&A I o EA)
5 AEI7b getMe BAHCE o Aolrt ik
TS A A Fort 16410l Blsl 17419 F7FetAThrt
18410l ThA] ZhAdh=d] o] F=gk o] Al7]9] &40] A4l &
Ao Yophs BEr)A @4os daHch
B AFolA Zgdddy Al BE dREY Fo BHS
A Aol meAAIA Al Fo H(EA:118.1£13.10Hz,
3:211.6£17.68Hz)7 & Apo]E HolA] LYTHESIY 9,
2002). 12k GEtAe] A9 154 B8] Fo B 123.88
+14.88Hzell W3] T wrom A ARl g&d o ZA%
AThR 4, 2008). 2 ATNA FHe7] Al BE didAE
9 Fo Be 17~194] Aade] 987l Al Fo B
2}:125.92+18.87Hz, & 44:216.94+14.15Hz) % U ] 3FA th(°) 57
9], 1998). ol A Aol 9yl Al Fo BA(E
A1:120.8+11.93Hz, *141:217.1+18.65Hz)H 5= & 2}o]S Ho|A
LTHESFSE €], 2002). Cooksey(2000)el] 2J3tH PFAd-eAd=
3} A F WA ¢ 719 newvoice TAS] HH L s B
J}(Average Speaking Fundamental Frequency, ©]3} ASFF)<]
HAE 131~165Hz01H WA T TBAQ] emerging adult voice
©HAl 2] ASFFE 110~139Hz 2} 3+t E3F Gackle(1991)2
Aadr] 49 SAWMSE 4942 Yra WA FHdd
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Puberty ©712] ASFFY] W& 225-275Hz0|H WA Fo| ot
AQ Young adult ©A19] ASFFE 210~245Hz 2H1L 3H3 T
B AT 16~174 H2d7] G 2 oste] 5=

718 A 27] A $EFES 2t B &

¥ (B

t}.

Ty B Aol A Fehl el maximum FoE 164](214.23+
53.85Hz) 2 17M](211.01+42.38Hz)o A 18411(171.56+37.24Hz)
2 AP}t S5l wet BAF R folsAe Fgkont
ol ol A A4l B By Al welxuFat
“F(highest speaking frequency, ©]3} SFhi)Q! 183.2446.59Hz%}
B3-S ) 164 H 174 Roks 18410 T Ale] 240l
A S 80T 4 JTE WA Y] minimum Foe
1641(85.72+7.69Hz), 1741(83.83+10.16Hz), 18A](91.73+ 12.84Hz) =
T 88 AY G dekH AT (lowest speaking frequency,
°|3} SFlo)?! 82.6£9.89Hz9} & AFo]& Ho|A| FThEsY
9], 2002). 39| A9 maximum Foi= 164(269.08+60.29Hz),
1741(308.21434.68Hz), 184](284.56 +46.10Hz) E5F =T+8]7] Al
SFhi%l 340.9+49.61¢] HI3| W2 FX& HHATE §FA A4 A4
9l oJA 9] SFhie 136.0+27.08HzZ £ AFol|A 1642] minimum
Fo(163.70447.55Hz)7} © $9ko} 174](147.83+32.91Hz) 2 184
(138.22423.91H2)2] minimum Fo&h= & 2}o]E Holx| &9
ThE3HY 2, 2002).

B Aol tidAEe F o A4 4919 Fo FF0 o
EFENE maximum F, 9} minimum F, oA A4 A9 #&
I} 2F¥ Zo)E Kol Ze o] Al7|9] SAo] HA7]A
gRle) $He= tﬂi}o}— HErjo|mz Aol A

KN
S hal =
T 27 MR HoR F5Y 4

%60]:5‘]—X4 l,iH A jr,]. jitterm?g H—?‘S]—Ag g] 7:1 (o] 16*‘"
(0.68+0.32%), 1741(0.60+0.29%), 1841(0.71£0.28%) =5 A4t
Aol FA 9 itterB T2 0.467+0.210% Bt 25 E9kor} 2
2tol & HolA] eFgkar 154 FEA 9 jitter BT 0.53+0.19%
ol= Bl £AE BRYrhEstY 9, 2002; D49, 2008).
kA 9] jitter TS 1641)(1.59+0.90%), 1741(1.02£0.82%), 18
A(1.10£0.38%) B+ A4 4 49 jitter W<l 0.935+0.609%
B} 25 St ESY 2, 2002).

Shimmer 3¥- @38te 7%, 1641(5.20+2.24%), 174
(4.201.78%), 1841(3.890.67%)Z AHN7} 713t wet &
Ao FosiAle @oy Zasidth J3v 2F A
A9l dA 2] shimmer HTF 2.674+0.897%F 154 FEHA) 2
shimmer 8¢ 2.7120.85%°l W&l & F£X& BRATHES}
D &, 2002; AAaA, 2008). AL shimmer B2 164
(6.34£1.58%), 17A1(5.57£1.97%), 18A1(5.57+1.82%) =¥ A4
3l &2 shimmer B 2.582+0.651% H T} =UTHES}
4 £, 2002).
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NHR HFS 16M(0.15£0.01), 174(0.14+0.02), 1841(0.1540.15)
BF A4 A P49 NHR ¥H(0.133+0.015) 2 154 &3t
Ayl NHR #H7H0.13+0.0D)3+= & Zo)7h AhE3HY 9,
2002; A4, 2008). A8HAe] NHR HEE 164](0.16+0.16),
174(0.14+0.03), 1841(0.15+0.02) =5 A4+ 491 of 42 NHR
B2l 0.114+0.0273 HI=3 X1 & BATHESIY £, 2002).

E Ao ey d oS BF FL jitter?} shimmer
= Yehd AL A =Y maximum Foo} minimum Foo}
R EA & o] A1719] FAdo] A Al Al sAdE

2000; Gackle, 1991; Hollien & Shipp, 1972).
AEAOE 16184 Had7]e] deta oo &
HA7IE A g7 Hole dHE 25 9 24 sY
oln] 27] 49l FEel EHWLL & F AT o=
S dSPAsE lse] SR 4 PRI AT Aol
7} Yeh oy} ol HE 12~1349] WA7I7} AFRETE A
Az vl o Y@ Axet ¢ 5 Aok aeh} o% S
o ofn] 419 $7o) =RAALAE BTHL 24
o) Axel ¥ % 2P WA HA —3—*02
Yolrhs 57189 @4 Rtk W] of A7)
HES WsEe] PYHALIE Brsta A &
27 5o A5 S MGG Agel ofEigol 9
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