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Correlation Between the External Laryngeal Length and the Habitual Speaking Fundamental Frequency

FEE QA F-HE AP
Nam, DoHyun - Rheem, Sungsue - Choi, Hong-Sik

ABSTRACT

For this study, the external laryngeal lengths of 9 females and 9 males with normal voices were measured together with
their ages, heights, and weights, and afier they read aloud sentences for 3 minutes, their habitual speaking fundamental
frequencies, speaking low pitches, speaking high pitches, and vocal fold closed quotients were measured. The Spearman rank
correlation analysis on these data showed a significant negative correlation between the external laryngeal length and the
habitual speaking fundamental frequency for both females and males, a significant negative correlation between the external
laryngeal length and the speaking high pitch for only males, a significant negative correlation between the external laryngeal
length and the speaking low pitch for both females and males, and a significant positive correlation between the external
laryngeal length and the vocal fold closed quotient for only males.
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7= 31, §43%e) e Afdx gt A, dd ue} cartilage), T E X S(arytenoid cartilage), F-F71 A epiglottic cartilage),
Aolg Roli EF ¥ Mt T 2}o)E Kol EF e 2 A F(comiculate cartilage) R 2] 7) A F(cuneiform cartilage)©]
A(gender)o| M= M2 Z}o)E HATKTitze, 1994). FFHA 4 ek 2} R AZFo g BB F YA £0E2 T
olME B AdNE LINEFASe] w1 Ego] gt AAE dZL HFEEH SAAToH, Y =L 949
2% (voice classification)S TFE3}71% ek Miller, 1983). Aol AZHeg & #AHA gou dA A 9
Folldle B bl WU RFEIL ApolE HolA & HoMg o] folaitt. £3 2e Aoz A7) AolE
o} FA9 AS ARTIE AWM GASERS] dFgo= Holn QA2 AAAFY ANt & A AL By ¥
Aulel Zolrt 343 ZolAW wariRFuer Holx|1, & 248E AR doin g8 A Ak ol F5Re 77
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Fo 43S = A0 AR ol RN E RN &
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Z1eFIe 2k AudA, 4% R AFH o FER P ¢

o AudA, A% 2 A | EF oo FRBAE

B7ISA, o 55 2ol R wIIIRF e Wi 3 vim
= AN

2. 4+ 9y

21 A7

AT zE 9A FEAndagd onddy 34 &
ZHoA FF AE 2B 237 (stroboscopy) AAHE A3t A
he] ol {58 VA $4A%] Qe BT 249437
Al g ot BEAH 30.1:4.349 FA 98L AT
Z A48tk

22 ZAR5T 9wy

221 S7Ug AF AFe &3

AZH AFE T 33T F e A5 A% AF 23
7W(GL-150, el AU Q)E o] @3t ZAs1%T).

222 43t 71EFos 4 SEEY &4

w3 712Fgeet S AALEY Hugre 23
< BRSNS ETH HAAE AP 4 E Lx. Speech
Studio(Laryngogrphy Ltd, London, UK)2] SPEAD(Speech Pattern
Element Acquisition and Display) TZ 138 A}g-3}] HeksHA|
% AelolA] 51384 979l Eog AR U EHA
3, 1996y Baol AMgehe A2 Taeld gol2 B
712 AW B AA) AT 80% THE B
#-A(quantitative analysis)3}1E}.

223 43 A AuAEES 23

AHAEEZEY] S YIAIFHE ¢F8 02 EXE
o2, EGG(electroglottograph) =& R&-3}71, SPEAD X &1
Y& AHE3A, i AHEdhe Ad2HE BAE Y] Folz
“THE YL AAS W9 £F HA9 7 80% 73
& A4 gk

b

224 9 355 Zol9] &3

9 FFH Zolo] &AL Wwilliamo] AAIE A 1A
APl &dAZ9] st Holg ZAsH T William
3, 1990).

AFHIAE A 2R g, WY E o 455 FxE HE
71804 & Og, <29 1>0re} o] FAZe ARAw
o de AEHLE £22 IIstY A NFsheE 1R
o <1® 2>9] FA¥HX(compass)E L BREL 11, T &
o7 §4AF JTRE RIS TE 3 Zo N Qo

wA2iQ SHME HIA M4S (2009)

2% F, A2 WA3E <ad 229 00lmm7HA] EFE F
A& YAY A ¥ 2(digital calipers)Z THA 233}

LA BAMA
SABEIS DX
53

a9 1. o FERRAAQANN 23929 SBEAA)
gol9] 34
Figure 1. Measuring the external laryngeal length (from thyroid
notch to bottom of cricoid cartilage)
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Figure 2. Compass and the digital calipers for measuring the
external laryngeal length
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Minitab softwareE ©}-2-8}93t}.

ABBAY A= 2E 23] 0]tKSpearman) £HABATE A}
8k 2 o2 Hoj& FuAes, 948 WEED] A
AEAE A vl Ao FAHF A=A, FUA FF
®o] &1 HAAS siMe F HFe] AFEI) 28T F
TEXHE 7S 82 dth 29out EJRATE, A
g8 WSEIY] A JdBEE SAsE U Yo FAH A=
Ad], Aol WS RAES AFER &S dig goj& A
A, F9X9] J38= A du o A5 s 28F A
XY /M Fa 7 &4 geoh ddl ¥ gEY Ex

tlo ot
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(scatterplo) &2 12] ¥ A%, SGX)7l FFHAY 8% AF
B2 7Pgo] FEHA v RO Hol= F97t Yo &
otk £ 3/ATE A BT ATolw 49
AEATY E OE fES e A3 g0 237 2
A= MFREY 9] 2EAY Ferhd, 1 go] 8%
3t A o] tiSpearman’s rank correlation, 2007).

2doltt EAGBATF] FAH FA4L 5% FAFRAA
AQA. ATARE A9 E W, 290w £JFBAFE ¢

E 37180, 2707 4 aARe $AH fAol o
32 B o p-atg AAFAT 5% FAFFAME p-ghol
0.055HTH #om sg FAAY FAH F944& A8, p-
fol 0052 =W T FAXY A FIHe 9REHA
etk ofd §AX $AF F94E AR AL 1 54
A7y Fshe Aol 0% tEka BE AL Eith

HE AAT BAA Fo4ol A=W, 1 ABAFY
Ao groll o3l JRBAe AEE FrlstA Aok A9y &
Aol &o|d HolHZRE A, FAHCE T A
o dd @& dske by 713e B3 20} (Correlation
Explained, 2009).
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Tablel. Demographic information for the participants
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Figure 3. External laryngeal length and the habitual speaking
fundamental frequency of females
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Figure 4. External laryngeal length and the habitual speaking
fundamental frequency of males
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Figure 5. External laryngeal length and the speaking high pitch of
males
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Figure 6. External laryngeal length and the speaking low pitch of
females
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otk &H3BASFE BAF FA4) Q=B = 0.733, p
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Figure 7. External laryngeal length and the speaking low pitch of
males
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Figure 8. External laryngeal length and the closed quotient of
males
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o] AAHA &AUTHr = 0.540, p = 0.1333). <& 3>

36 A R AFH 9 TR o) 7re] FuBA

A3 k9] A178(159.345.3cm) 7 &) FFH Z0](38.5:4.3mm)
e Avjojit E/AFBAFRELS % FAFTAA EAA &
o) o] AAHA FUThr = 0.239, p = 0.5350).

B3 DY) AF(175444.5cm) 2 9} FFR Z0)(50.124.3mm)
e 230wt EAABAFEL 5% FAFEAM BAZ &
o) o] AAFHA FATHr = 0.159, p = 0.6828).

A4 Fdel AF(52.245.5kg))3} 9 FFH 70)(38.5+4.3mm)
o) 290Tt EANBAFEL 5% FAFRN BAR &
o}gdo] A=A EUTHr = 0.377, p = 0.3178).

WA Ade] A5 (74.4£11.3kg) ) FFR Z0](50.144.3mm)
o] 29ofnt FAJBAFEL 5% FAFEAA SAFY &
o} go] AFHA FATHr = 0.367, p = 0.3317).

37 A% R AT w1 R Tl duaA

g o] AA(159.3£5.3em)3} #5171 B3 514%216.7£16.5Hz)
8] 290t FARBAFEL 5% FAFEAN FAH
ojAde] Q1HA] UTHr = -0.022, p = 0.9559).

A D] A7 175.444.5cm) 3 98} F014(122.1417.5Hz)
o] 2307t EAFBAFEL 5% FASFA FAH &
o] o] AFHA &dtHr = -0.335, p = 0.3786)

o4 e A F(52.245.5kg)F 28}7) 23 9144216.7+16.5Hz)
o] 230tk EARBATEL 5% FAFRAN FAF &
9)Ade] Q1A Athr = -0.208, p = 0.5919.).

WA AT AF(74.44113kg) T BB | EE9)4(122.1417.5Hz)
o] 23900t FAFBAFEL 5% FAFFAN BAH
o) do] AFHA AUTHr = 045, p = 0.2242).
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e ¢ FFER Zoles HF 50.1mmE Ao HF
38.5mm Rt} oF 13u) 2A vehgon o)#d 2ol FAF
22 1% FFFAME F3tHTh

o] WSr| BT o BT 216.7HzE BA1S] 122.1Hz B
o oF 188 =A UEgon, oj#d ole FAHLE 1%
FAFEINE Frolsth

&2 9 FFER
Table 2. External laryngeal length
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oA 38.5+4.3
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® 3. 98 A 71E2F0s 2 SREes AdiEE
Figure 3. Habitual speaking fundamental frequency, vocal range
and the closed quotient of the vocal folds

Pelaie SEA(He) AAHdEE
(Hz) HAALE | Hu1ds (%)

o4 | 2167+165 |185.7£153|275.5822.9| 51.8+23
G| 1221£175 | 95.7£17.7 |161.0437.8| 52.4%2.9

4. =9

e fRdnez A7 Lsplad s§/18Y uA 7
HollM 8} AT P2 EAsa, 1 AAE A2E T
(epiglottis)o] 1, olA2E 7183} AAHo e #4429 3
gioltt, 2 I5AE RdAAE B3 & F7] glon,
BEL & e BEL 359 FHAREQ Q@ﬁ%ﬂr %“ﬂ
Folt}, Adam's applec]s} FE2& A §

Aol FA2) Flamina ala)e] THA Aol &

859 9
onl, AHAT AT SFVRE AR ol oA
ASE £oz #elo] 7hssty] WEe] 24o] golsjth,

William 5-& & 3589 Zol9} AulZdo|E ulmdt Ao
= 9 $5RE QA $AAT SRR Lojg
Z s Ack(William §, 1990). o} AT ) FFRE 3}
Adze] gAY A $3AZ9 SRR 2 Ay =

W37\ RFore SRH0R ANSSE 2AE 9] FolEA

Hog B&o AR AR 7|BFHS9e o
2 $EHEYE /AR kol APl e & 3% 7 23Y
718 Algade, o] 32 51358 e P E FAE
o{U7] W&l L3 EFors FEEAE S o A
F o Agsith. <& 3>olxet go] G4 W Fuee
B 122Hz, 949 LS| EFISFE 219.7TH2 YERTh 9
HtEo g oAo] wEly|REEvGE 200-250Hz A%, FAL
100~150Hz A=t ¥eix o, & dAFdre dgAL
B 220Hz, 'FA-S BT 105Hz &t Buska ek Huber 5,
1999). T2 A8} F7He] ZpolE Kol 1AL AF oAt
e} gepAn, w3 A7udate] 29 QIge] tEn, Fold
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7o 2 Az e EF
e W A%E Jehe 59 ABeAE Bied, U
Erade Auldr] e AUsY JeE Eiir A
3} THAbberton &, 1989). L3k
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B Aule dols sk 2441 a4 sy
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o7} 71 FLY 8401 9 FFRE WIV|RFu5 4
[BA} 7 W', 9 FFH9| Aol A Zolskx
BBAZE J& Ao HY o] BEo) Wi & o
73 Bojof & Aotk & AFoME FF9 Zo|e} Au
Zole] FABAE FARIYEH, £F9] Zo)rt 36.TmmAE0]
W @ 349 S5 8 AT UL, 31 TmmAECH o Y
49 SE5 7HAR AT gk B8 G4 A9E R
Zo}7t 20.8mmS! A9l L €59 E4E /AT U
i, 59 o7} 269mmAEo|H R £ E4IE A
I Joka B astgokWilliam F, 1990). 2183 RIS &
A

3 33t AAUAEY 3788 (cricothyoid muscle: CT m)
<, 48820 FE3te FAFTY FFAF Alo)
€ FA =Y Ad9] dole solu golAAl Hu AFTE
371t SEE 2olAA Hia 9 58 Aol ZoEH
ot oluolx 9] FF29] Holg} AJuje) o] ol JA] ¥
M ZET/AZ Aok & 4 AUk oA QRN 9 FFR
ol Wy |EFHgG ol FAoA g9 AauArt o
e £+ ded, G40l o $FR] ol waly|F
T 2 A9 Zolg AAu o vrddiths AL on|o
o9 E3 Al FEY, &, HALEAN FugesAe
Y 89.8HzO.E W49 65.3HzET U He Aog ZAEY
o g3 AdolA o 52 oyt 4 o w3l A Hugwgt
HASTE 25 W2 APl e 4 29 AUAAEL B9
A% 9 FF5e] Zojr}t Julg Zolg wtdshs Aoz 4%
ot 9 55 Zojo} w3l Al HAE 2o 2o AuPAe
3y AGEAA 2 e Aet usge B £ d)dd a9
U o Rl 9 FFR Zojg} s} A Hugk e
FAHCE @ AadA dhHA gol FAF Aold
A3E Bk 2 71 9918 FE38l HY, 49 9] %
e AdHeEs Z $EER g1 F59) A7)7) Fopq &
A Al 257 B AL, B0 gkl 23 %9
W7l & 34, 94 B oF 245Hz o] HE 49 £xy

#, Y o FFR Aoyt SN HugEE wrs}

7 g BYE AT + Jouy o] REd ddde A7y
A 8 58 £ o d7slool & Aoz AYztdr)

ol AFA A Ae, o FFH Zolg AUHEZE
ol, o) F57 o7t 4 wf HulHEE0) 5 Ao BE
A= @] ATEAZ AT, ol ATl ot
A gt Aog AZE AA QA 2 A &7
3 59 At AL B9 JuHFEC) e ALE B 5
Jew, £59 A7t An A Zolrt 7 AS, AZ A
HHEEo] 24 SHEHE Aol Yutzoltt. HUEEEL o
BHOZ 50% ATt oldHom Azbshl, 44 SA4AAE
SR 50~52% FEAA YERE, 2 AT o439 o

eiolet SSUE M1A H4S (2009)

ol 50%0ln B9 HFo] 52%JB(EEE T, 2009), ©]
W AFME 949 51.8%9 49 528%E & A7EG
4 B FRHALH, AFNIA Aleld] olE Bole A
< AFodAel we) HAEETS BRAVIE AT vy &
o] Z=rt t2y] folzt AZdnh He Fxo JuHE
& Aboledle &) ABaAT doH, et e FlXe 4
F #7100 via) ANV dddes A, Fert 7
5 A4719 vige] Sl ANPEEES okt 3
AcKOrlikoff F, 1991). 28} & F5-5-o AUFFES &
TAE oW AFUIgNA velhd Ax d¥ duisl A &
= 2¥etn Bzie.

A% 2 AFH o FFE Zo| Polle FAZCE FoAF
ABBAZ FerA gksich 2y @A Agrte] 4% F oWl
o|X(bass)?l A4 HAHZ 7171 I Fo] 21 §Ho] Yom, 4
A7HE UL E o AT B 71#e] gl 4
o] Zolst ARAAI} Evhx Bustn thRoers 5, 2008).
o] R2o dajxe AFel F o A7) Rojol & Aoz A
Z+et.

g AdiZelrt 1del ¢ 0.7mm AE ZojA 1, G4
Atole o 04mm FE ZAoJAH, ¥ 184 A3 S
e B3 $FASY Avle gAol AR o 148 A
3, A EY] A F Abol9] Hole EAol dRET oF 16wl
an, &g dsr1EFage o o] YR oF 178 ok
3SAt(Titze, 1994). o AFolA B & FFR Zole
AR oF 138 ZA JehtA, & dFoXY $5R 2
719] FUzt Rolo} ¥R thaR] gon, Wdr|EFaes o
‘do] FAET oF 184 FA UEhdAM, A T2 dFA 9
Wy BFae] Wi 1 Aol MR tax Ytk

5. 48

519U EFA 9] FFR do7t 4 uf w4 2Fv
= W2 %S EA. dprieFdses 2sked Ad
Zo|7} 71 TaF MFo|BE, 9 559 Hojs} Al
Zo| ko] FA|ATL € Aoz e

52, dAe 9 $FTRe Qolrt A W LXMW} 3A
B ARE BIou, A4S o) $53e) Lot 2 o A
ASET e F%e na

53. @S 9 FFR Lot 4 W AiHEEO] B 7

&S 1Yo o4 a4 gk
54. A A 245 o TR Zo] Alole} A =A% &
7| RFo Alolo e fodt ARBA BEHA #ych
55. 9 54 dole Aol ET & 134 ZA|, 23}
NBZHEE o o] YR oF 1.88) =A b



9 FFF 2012 L2004 20 AR

ol ATel sdele Ba wade] Folol U@ A2HE 7}
AT Qe AFEN B2 E 5 AL Ao AR, 2
o) gol3h7] B2l AA IA Bgo] Solalnh

A7) ARoRE AT 57 AP TR
UA @3, AT £ Hov, 9] $59e Qolg &
3 2 o sele X me 3P 2L 4 Ak Rolth

Kim, H. H. (1996). Perceptual, Acoustical, and Physiological
Tools in Ataxic Dysarthria Management; A Case Report, 2nd The
Korean Society Of Phonetic Sciences And Speech Technology
Semiarnual, 9-2.

(BFE, (199). “TTAEF vHHIETEHN e HEHE A
24, $3314, Belers m7o wslel As 248 e
3 2tg3, 9-2)

Nam, D. H Kim, W. S. (2009). "Vocal characteristics and
differences in gender and voice classification among the classical
singers", The Korean Society Of Phonetic Sciences And Speech,
Vol.1, No.2, ppi63-171.

(8%=8 - 285 (2009). "dot7te] A 2 AFo g 24
A5 2ol', Tae)o} 24T A1 235, ppl63-171,
Abberton, E. Howard, D. Fourcin, A. (1989). "Laryngographic
assessment of normal voice: a tutorial". Clinical Linguistics and

Phonetics, Vol. 3. pp.281-296.

Correlation Explained (2009). http://www.bized.co.uk/timeweb/
crunching/crunch_relate_expl.htm.

Beckford, N. S. Rood, S. R Schaid, D. Schanbacher, B. (1985).
"Androgen stimulation and laryngeal development", Ann. Ofol.
Rhinol. Laryngol, Vol.94, pp.634-640.

Harries, M. Hawkins. S. Hacking, J. Hughes, 1.(1998). "Changes in
the male voice at puberty: vocal fold length and its relationship
to the fundamental frequency of the voice", Jowrnal of Laryngol
Orol. 112(5):451-4.

Huber, J. E. Stathopoulos, E. T. Curione, G. M. Ash, T. and
Johnson, K. (1999). "Formants of children, women and men: The
effects of vocal intensity variation", J. Acoust. Soc. Am. Vol.106,
pp.1532-1542.

Miller, R. "Structure of Singing", Oberlin College Conservatory of
Music. Ohio, USA, 1983.

Orlikoff, R. F. Kahane, J. C. (1991). "Influence of mean sound of
pressure level of jitter and schimmer measures", Jowrnal of voice,
Vol4, pp.37-44.

Roers, F. Miirbe, D. Sundberg, J. (2008). "Predicted Singers' Vocal
Fold Lengths and Voice Classification A Study of X-Ray
Morphological Measures", Jowrnal of Voice, Vol.23, No.4,
pp.408-413.

Spearman’s rank correlation (2007). http://www.mei.org.uk/files/
pdf/Spearmanrcc.pdf.

Titze, 1. (1994). “Principles of Voice Production", National Center
for Voice and Speech. Prentice Hall.

William, S. & Ecclrs, R. (1990). “A new clinical measure of
external laryngeal size which predicts the fundamental frequency

193

of the larynx”, Acta Otolaryngol (Stockh), Vol.110, pp.141-148.

* ¢= ¥ (Nam, Do Hyun)
AMdiga oug) st FdAEdag e ojulE
4 g dA1La
AEA]l AT ETF 146-92 AdABgs
Tel: 02-2019-3461
Fax: 02-234-4567
Email: dhnambar@yuhs.ac

* 9444 (Rheem, Sungsue)
a2 FRFAGH}
e 7T LS AN AFAAHS
Tel: 041-860-1554
Fax: 041-862-2000
Email: rheem@korea.ac.kr

* {52 (Choi, Hong-Sik)
AMhsta o) Fufst A HE B ouIE
R O s R
AEA G EFF 14692
Tel: 02-2019-3461
Fax: 02-234-4567
E-mail: hschoi@yuhs.ac



