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= Abstract =

Effect of the Nasal Cavity Resonance on the Acoustic
Characteristics of Korean Vowels

Myung Whun Sung, M.D,, Seung Ha Oh, M.D., Myung Koo Kang, M.D,,
Tae Yong Koh, M.D., Kwang Hyun Kim, M.D,, Jin Young Kim, M.D.

Depariment of Otolaryngology, Seoul National University, College of Medicine, Seoul, Korea

Cleft palate or velopharyngeal incompetence shows many disorders and disabilities affec-
ting speech transmission,including distortion, substitution. and the nasalization of the vo-
wels. The nasalized vowels are produced primarily by lowering of the velum, resulting in
opening a side passage for the air flow through the nasal cavity. These abnormal movements
give rise to complex modification of the physical property of the sound or in the sound
spectrum.

The authors employed Sonagraph® as a sound analyzer in order to ascertain the features
which characterize the nasalization of vowels. Twenty healthy Korean male adult voluteers
were analyzed in artificial conditions of anterior and posterior nasal obstruction. and velo-
pharyngeal incompetence.

The results were as follows :

1) Fundamental frequency was not changed by nasal obstruction or velopharyngeal inco-
mpetence.

2) There was no significant difference of the formant intensity between normal and nasal
vowels.

3) In VPL a decrease of the frequency of F, was observed in /e/ and /i/ vowels(p<<0.001).

4) In VPI, the F> was frequently missed in /o/ and /u/ vowels.

5) In the consonant spectra of VPI, the ‘release burst’ was usually not observed.

M g ol g ol TRl He BAE W3]V
1

ALY FARZC Qe BAE QA weoge FHaA Frse
#o] eso] ghoy.

AR BEe Holed, AFY Feole A WAy BX AHA
SANZ AT GFolt A T B F AW o]y F Lioldel T ABA AR2AY oY

e 4§ Hg 3 (nasalization) & HolA HT}. b T S¥FTH £40] vF gol AY



HAed F2 28
=

BodAMeE Ade #7138 AFd A% &4
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Wzl f438 & & U3, aaa ol i3t
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BorE B4 99 g FARA Hrpgye o
A= s Bzt doh
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4% 9 Feugriwd st g B3
B 49 94 209 ez S
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2075 ol 3t FFA Yo A Frato] RS /o},
191, 101/, 121, 1915 247t %3Pt H3e
uto] Fef A 20cm HolZl FejE dAsgoen A
FAHo g F5xt AUEE 5o 33 ¥ Fo
AT EE Aol XgH SH /o7t A/% 33
Z38A T o] U HARRYE tow
L3 (anterior nasal obstruction), 99 =S8

Al Algstg o, lidocain v}z 3lo] gauzem

FH]74+-8 2H3 (posterior nasal obstruction) ¥ W
B3tAch riA9to 2 Nelaton tubeE o] &34
AN E 2 7)1 (velopharvngeal incompetence !
VP 2& E3g S8

52 A

=28 399 2 ve 3 Y 2wel 8 RS
KAY Digital Sonagraph Svstem(model 7800)&
o] 8-t 3-D spectrograph{wide and narrow
band) 9} section displav(wide band)& 38} 7]
7} for-
mant®] F3, Z} formanto} ZF 28 2334y}
(Fig. 1).

Agol XFEH &H /o0l7A/LE 3-D spectrog-
raphg 73ked F4Fa} VPI e vlwabedch

Zb oA dojz Aue
el BAROE ¥

£ F34(fundamental frequency, Fo),

paired t-testE ol-&

& o}

1. 712 F34(fundamental frequency, Fo)

712 FH5E 3-D spectrographoll A 730
W o} mg /ool Ul AN BE AR Pt
5 130.2+ 26 9HzY 11, o} 2 2 A (anterior nasal
obstruction, posterior nasal obstruction, VPI) o]} A}
& ok 459 3 AY BYAT o] F Aolo]
AR R 'Pr"]@' 74"]-: gt} (Table 1).

2. o/ &
(N=10)

ol A e} A 1 formant(F,) Fa}4 ¥ 8}

44 10 2] /o/9] section display o] A} T3t
Al 1 formant F3}0] 2t 2AY Wals Bl A
(468+ 164.15Hz) 3} anterior nasal obstuction(416
+ 263.4Hz), posterior nasal obstruction(428+ 217.
7THz), VPI{436+ 342.18Hz) 2] A}o]o] A
t- testE o] 83 A= AP »
o Ath(Fig. 2).

paired
B o8 2jo)7)

8. /o) Bl Mo A 2 formant(F,) 142
HsH(N=10)

107 9] /ofl/el )t section displave] A 2 for-
mant Fo45 2 24 HE vug A, ZA
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g e PR —

/e/

|
:
|

|
|
|
|
|
|
|
|

GEEESEEm | |
_ L 1 : I S

Nasal obstruction (Posterior)

Fig. 1. An example of section displavs of 4 conditions in one person.
(arrows : first and second formant)

Table 1. Fundamental frequency in vowel /e/

Normal 130.2+ 26.9 Hz
Anterior nasal obstruction 136.0+ 30.4 Hz
Posterior nasal obstruction 185.4+30.0 Hz

Velopharvngeal incompetence ~ 136.0% 39.2 Hz

Fi(tlz)

N=10

ANO PNO Normal vel

Fig. 2. First formant variaton in vowel /e/.
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(1540% 360Hz) 3} anterior nasal obstruction(1480
+373.5Hz), posterior nasal obstruction (1488 +
252.5Hz)& 2z}7} paired t-testll A A F #o 4
o] il o AAT VPI(1856+ 316.5Hz) toll&
%284 VPIol Al A2 formante] FH}4=7} 347
#2 & 4 AATHP<0.005) (Fig. 3).

109 9] section display ¥4 Z 3} anterior nasal
obstruction¥} posterior nasal obstruction& 2%
A4}l wjd) 2 2o)7} QAL VRIS B4 Tolle
formant 3=, £3] A 2 formant F32] 3}
o]F B, 2098 gz Z RH5EE for
mantd] F3, 2 FHIY

4. 7} 289 A 1 formant F34 HW3H(N=20)

A3} VPIZHA 2z} &2 A 1 formant F
W4 W3} paired ttest AF} /ol (p<0.01) &
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Fig. 3. Second formant variation in vowel /e/.

19/ (p<0.05)% EAH LT {3 Aol7t AN
tH(Table 2, Fig. 4).

5.2t 2.2 A 2 formant F 8 H3H(N=20)

VPIE TrEYS W £F A 2 formanty} &4
HE 4o Velton §3]/2/, /¢ e B
missing®] ¥ ¥ tH(Table 3).

A" ALE A9t Al 2 formante] F 3}
42 nHuste] By /ol /dl/, /o)), B3] /dl/s}
fol/oll A VPIAl BA Ao g w9 F3tA (p0.
001) Fu59) 3174 B 4 AAtH(Table 4, Fig.
5).

olg TA] HAE R v
200 F 2% S A YF RE Aol A A 2 formant
Futge] 74-¢ BYa(Fig. 6), /ol/f A= A 2
formant7} 248 18-S A8 199 F 167 ol A
A 2 formant 359 873-¢ BGH(Fig. 7).

watel B /ol/o A

6. VPIA] formant®] 7% W3}

Section displavell A 7+ 2@ 2 A1} VPIo) A
A 1 formant, A} 2 formante] =71 Z § KHz ©] 3} 2}

Table 2. First formant variation(I)

Norman VPI* (Hz)

#% ] o}f 532+ 400 3484 402
werfoll/  404% 234 331t 356

o]/ 2441 83.5 290+ 205

19/ 3241116 3421 196

1%/ 262+ 117 268+ 160

*velopharyngeal incompetence

#% 1 p<0.01

#EE L p<0.05

FiHz
1000 4
® Hormal

" ypi

~/
1

T
T

fal lef fit ol tul

Fig. 4. First formant variation(II).

Table 3. Second formant missing in VPI(N=20)

/oY 2/20
1oll/ 0/20
1|/ 1/20
/127 4/20
/8- 7/20

Table 4. Second formant variation(I)

* o}/ 1059+ 254 882+ 385
w5 fo)/ 1582+ 347 1346+ 363
#Efo]/ 2026+ 638 1621 700
12/ 795+ 278 835+ 248
19/ 1084+ 804 970+ 612
p<0.05
“* p<0.001
""*p<0.001
F2 Hz
3000 ® Normal
n
2500 1 M
2000 1
1500 7 N
1000 1 {\f ! *
500
’ fal lel I ot
Fig. 5. Second formant variation(II).
Z a7)9) vnsle WE g2 v w3 27 Fig 83

gon Futd FAY FA4L AN
7. VCVCVEA /o] 71AH/9] vl

Ap-gol ¥3td &4 /07HA/E viwd A3 A
#lol A} #A}&(stop consonants) Az Ao 573
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F2 (Mz)
2000]

1800 1
1600+
14004

12004

10Q0 P < 0.001

800 v v
Normal VIRl

Fig. 6. Frequency difference of second formant(I).

F2(lz}
30001
2000 /ﬂ/
1 N=19
1000 1
J
P <0.001
0

Normal VPl

Fig. 7. Frequencv difference of second formant(II).

Ao 2 vhEF}E release burst dAfo] VPl A=
2AHE AL B2 & F JU(Fig. 9).

| ot

&40 B ATl 2A BHYIE A8
e BELRRT o, A 715H BAS 7
Wae M eRd By, 2en 27 A4
ol&® YelePaAR Puel s7hx el Utk
1 F ABHoln 94 gl §ol¥ e
Sto] Bl WA TRl Bl AT grh
Sound spectrography 49 ATl W ¢ F8

wopzH g4WeE ATsed e AR A
REE AFTIYY.

704, congenital short palate, uvulopalatopha-
rngoplasty(UPPP) 3 §H % 5 o2 Aol o ¢
< - 7k 8 A (velopharvngeal incompetence, VPI) 2]
2% SRR Le g wold 3] AgL disto

rtion, substitution H o] /b/7} /m/A @ &2 H glov

N : Normal
V : VPI

- EAr2

N VvV

00% —
75% |

50% |-

/

0% Je/

fi/ /o/

Fig. 8. Relative intensitv of formants.
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Fig. 9. An example of 3-D spectrographs of one person saying VCVCV, indicating abscence of release
burst in VPL
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Fig. 10. Standing wave distributional patern of vo-
lume velocitv of simple tbe.
N : node
A [ antinode

tal stop, pharvngeal fricatives, omission & 2| &
HE YERIGOO. B3, Bge SPHoZ ¥
SaEEd oo AR Hrle sound spectrog:
raphg ol 8HHE welo] Hol UARINY.
A4 2o 3% 5 F59 S w4,
Fasae 39 &% 9€E $¥ PrHuadia
ton) 59 374 47t Y} FRAAA ¢
Ao F59 713 #F(fundamental frequency
;)8 2944 7]18) 7 21 harmonics(overtone) £
A ZEo] FATZE AXNEA & Zgo E/E
Z3t4 o) energve] A%, & formame] F4E B
ol A gtk ol E & energvE Y& W V=
1} 2 WA impedenceztolol % energy loss7t
ded ALY o Be £4F% HoaA ¥
24 A 2L energy spectrume BojA BT}
9. gAY wPelne FYTFE FATRS
NE TEFZ 2SS ol F35E ene
rgvel B2 W7 LB AT 5 AT,
1956'd Houseo] 9]3}@ u)7ro] FRAFF 2
=9 ¥ 3(nasality) 7} 4713 o] w) A 1
formantel 257t 21 1 £9d(band width)7}

Yol Yo

19583 Hattori 5-& 250Hz ol A reinforcement
of intensity, 500Hz )X} weakening of intensity
(antiresonance), 1000~2500Hz o] A& formant
weakeningS BQ1thx AL, o8 @30l na
sal consonant(/m/, /n/, MDY E PLRA7}RA 231
9Tt 25 2 ¥ & ¥ analog sudvoll M 25
B} e Yo Fofyo) e resonant chamberZ,
& Z3}4o] & dampted channel2 #8-3&
o 331 o] A o) 742} 250Hz9) reinforcement, 500

19621 Dicksons. narrow band section displav®
£3) formant®] 2%, formant £, £9, 71&
Z3 5o 2N @ 5L ViAot
AA A0 2 loss of power, increased damping, ad-
dition of resonances and antiresonances®] 37}
1R e A7 don NAUE FHFEY o2 AL
Pol Mt 224 e BYe BAokT Y.

FHge Be 22e ZAsed THE
wpe, VPI, ££A17], F&&%, 39 54, F
B 5 Jdaart AR VP o F 853
(nasalit) 7} 7% $88 dojgolet .
Nasalityez 71 7} (velopharvnx) o] 28 of F2&
opening®] 272 AAE =], Al A A7
smm(AA o 20mm?) ©]4e] openingo] 7
B] & (nasaliy) 3 T23NE RolA BT

B dFdMNE QE RelE Fol7l A &
et BAAS QR 2TRE HHY, A7
AR NE wnsnA Fgen FPL VL
Zu}4, formant®] 2%, formante] Fapol of
oy Al

AFAHo g Avlgl Fuld ulFMg HED B
&g oA 9e of AL viLste] B for-
mantd] 2357 A RolUA R olE
Fol Bgo] 1 544 A9 wiFE THETZ
IRANIA g WEoE B 5 ok oEbA
HE AA e 49 AAPNSY AFANE B
Et}E nasal consonant (/m/, /n/, M) 2] &g A
o W& AJolE U F e FAer Bl
go g A7 Rojol & FHA AT

=g, AgFoz AN L E AT
WA RL9) sound spectrograph® T3t for-



mant®] F 5ot ZFEE 4T vt Bk
j Fig. 501 4 8} Zo] /oll/gk /ol/oll A vl § &} SHA
A 2 formant F359 FAE pgon, Murrv
= & uvulopharvgopalatoplasty M 9] ¥] L& &3f
ole} H)4% B AFg HusgHD. A 2 for-
mant7} Table 30]Al9} ol A4HE VH4E
VPIol 9% A7A0 2 YztHH E3] /5/, 12/
we Ao FEun #Aw 4dez FE A
1, A 2 formant?] 271 ¥W3l7t §lo] House, Dic-
ksonZe] A7} Atolzt AR oH, wehA nasa-
livg 243te 24RE FAHAsca HAth
18 Futgel 2 238 o) E BY AR
nasal obstructiono]\} VPI o o] 443 %ol &
o

ot ol ofwP HAYHY 2UE FUS ©
292 3o 7o WeH=2 A Vo=
Ardr] EAFRSEL FojF Folg B 4+ ¢l

et

A 2 formant:= 800HzS} 4000Hz Alolo| A B
o] 7 wgg FEATH AT FAY AL
AR, ¥ A7 #3E A 2 formantd]
Ado} Fmgo Wsle VPIZA A 2o
mewst 24 "olAe Y-S dFse T8

A% %9 shiyetn A4

A 2 formant 357} 378 E ol fF & VPIA
ul7to]l 2T 22 HHAA Fig. 10048 2] sta-
nding wavee] nodeol #4Zae AT FEel
Wolx|7) Mg oz Yztea, 53] B A0
Be7 71 e /ol/, fol/9) HE A 11 Aol
zegzga gAY,

2 232 Nelaton twbe ATFNE G2 7
70} £ AFAAAAN AARYD RojmE 4
Az Fhdel AL Wel AAF ol AE F
1o.n, whbes B2 W AYEE Qo2 F7|o1A

S Ao} AgE = Aol %H}E,]Dg ol& gk 9%
T ol AL QUL Rez Aztdd

o] 9joll nasaliv® AA e ©HE o8 WY F
Nelegaay oz Aewnd FHAAE §9)
2R3 Wlo] Qo NFol RIHA A
2 ol FruFe ool U, Flewchers
500Hz 229 £ Fui4 diold 3¢} oz
Bo+ 29 2718 A& o2 v iste TONAR
(the oral nasal acoustic ratio)& 7§43} percep-

tual studv®} B] g A2 correlation ratio7} 0.91
24 nasalivd A#HRoE FAIE F2 WY
ofg} 3t
o] & 3}¢] nasal amplitude$} vocal ampli-
tude?] ratioZ F3E WO nasalivE A #E
s em?, Quigleve F719 5&0] 7HEHE fila-
mentE YzHA 7l WHE-& o] 43 anemoteter
W s,

Lo halME 3-D spectrograph ©] &3t
&Q /o]7tA/E BAE VPIZH] st E o
release burst7} 24 E = AL #Edd g o} o3
vPlel ABA, AFRY ARZE EESTHD B
?qum.

135) Horti= nose and neck accelero-

meter&

e E

gele] AA Al dAY R0l B (o},
11, [01), 191, 14/ A B3 Eeo ‘ﬂ%’ﬂl
o2 ¢E
sal obstruction, VPIZFS] sound spectrograph H]
oA &3 2e& AEE U

D 9 712 F35&5 oF 130Hz Yot

9) &wo] 2ol ojA BT wH A e =
L&t 5A4e) Holvt G

3) AAT veie] HlmofA, A 2 formant F 3
229 a72o] 3] /9, /o)) REol A FHIHT
(p<0.001).

4) VP19 A% A 2 formant?] AHo] HY=d]
19/, 19/ B A Wxert gkt

5) AT VPI A formant Zx9] ¥l
K@ o7k Ak |

6) A4S TFH A /01717 EHAAE
VPIA] release burst?] 248 B § AUth

anterior nasal obstruction, posterior na-

A=

J

(2 279 ARAP) F2E @ AU
WY QAR VR A AW FANA TAE
Egch)

i

References

1) 299 : Sonagrapho] 43 FASH4EH. AT
olHl Q1 T} 818 %] 16 : 25-32, 1973
2) Otolaryngology Head and Neck Surgery : (eds.



Cumming CW, ot abvol. 1, CV Mosby Company,
St. Louts, ppl776-1788, 1896

3) Dickson DR : An acoustic study of nasality. [
Speech Hearing Res 5. 103-111, 1962

4) Fletcher SG : Theory and instrumentation for qua-
ntitative measurement of nasality. Cleft Palate J 7
601-609, 1970

5) Fletcher SG : “Nasalance” vs listener judgements
of nasality. Cleft Palate | 13 . 31-44, 1976

6) Hattori S, Yamamoto K, Fujimura O  Nasalization
of vowels in relation to nasals. ] Acoust Soc Am
30 : 267-274, 1958

7) Horii Y : An accelerometric approach to nasality
measurement . A preliminary report. Cleft Palate
J 17 : 254-261, 1980

8) House AS, Stevens KN : Analog studies of the na-
salization of vowels. | Speech Hearing Dis 21 : 218-

232, 1956

9) Isshiki N, Honjow I, Morimoto M : Effects of velo-
pharyngeal incompelencs upon speech. Cleft Palate
J 5:297-310, 1968

10) Leder SB, Lerman JW, Alfonso PJ : Speech seg-
ment duration measurements in adult speakers with
repaired cleft palate and hypernasality. Laryngoscope
98 : 884-887, 1988

11) Murry T, Bone RC : Acoustic characteristics of
speech following uvulopalatopharyngoplasty. Lary-
ngoscope 99 : 1217-1219, 1989

12) Quigley LF, Shiere FR, Webster RC, et al : Mea-
suring palatopharyngeal competence with the nasal
anemomeler. Cleft Palate | 1 : 304-313, 1963

13) Schwartz MF : The acoustics of normal and nasal
vowel production. Cleft Palate | 5 . 125-140, 1968

— 33 —



