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Relation of Vowel Articulation to the Shape of
Vocal Tract, with Special Reference to the
Mouth Opening and the Tongue

It has been conventionally believed that a “standard” shape of the resonance
cavity exists corresponding to each cardinal vowel.

The authors attempted to study the effect of the deviation of the shape of
the mouth opening and the position of the tongue, which are the decisive and
dynamic elements to form a resonance cavity, from the standard of each vowel,
using the following method.

Combining the nine shapes of the mouth opening with the five positions of
the tongue, forty-five kinds of resonance cavity were set.

The speech sounds which were pronounced through these cavities by one
male speaker were recorded on tape. The vowel intelligibility of thus recorded
speech sounds were investigated.

The conclusions were as follows:

1. The position of the tongue, generally, is more significant as the element of
vowel articulation than the shape of the mouth opening.

2. The significance of the position of the tongue and the shape of the mouth
opening, however, is different among the vowels. For example, in case of vowel
/i/ the position of the tongue is essential to produce the vowel. In the other
cases, the vowel articulation is more or less influenced by the shape of the mouth
opening.

3. All five Japanese cardinal vowels are satisfactorily generated through the
reasonance cavity which has adjacent jaws and a mediate mouth opening. This
fact indicates that the standard cavities which correspond to each vowel are un-
necessory to produce the vowels.

* I IR R SRS BE E B | Bl Hiroaki Takahashi (From the E.N.T. Clinic, Hyogo Prefectural
Hospital of Amagasaki)
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4. Compensation between the position of the tongue and the shape of the mouth
opening is observed to exist.

5. In conclusion, among the elements which form the standard resonance cavity
of a certain vowel there exist both the essential and the non-essential elements.
Hence, the change of the non-essential element within a considerable range does
not influence the vowel articulation.

Hiroaki Takauasar and Yasuhiko Nicaurr
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Fig.2~5 223 L v, «FiglOix ju/ oA T /a/ %, Fizll i /e/ ORAT /uf
BIETLIZEDT, k) I FHEOM X IMA 2 BET A REOZNEHL L, GO

BHRFLLIELTHEDZNETLL, ML A1 OMATHORER2IEFLLES &1

Fig. 1 Aa Fig. 2 Ii

Fig. 3 Uu Fig. 4 Fe

Fig. 5 Qo Fig. 6 Ai
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Fig. 7 Au Fig. 8 Ae

Fig. 9 Ao Fig 10 Ua

Fig.11 Eu

Fig. 1~13 show high voltage radiographs of resonance cavity.
A, I, U, E, O : mouth openings which correspond to five Japanese cardinal vowels /a/, [i/.

le/, and o/, respectively. Measured values are shown in Table 1.

a, 1, u, e, o : shapes of tongue which correspond to the five vowels respectively.

X, Y. X,, Y, are special mouth openings, details of which are shown in Table 1.
Combination of those nine mouth openings with five shapes of the tongue results forty-five
kinds of resonance cavity. For example, Aa (Fig. 1) is a standard resonance cavity of /a/,
while Ai (Fig.6) means a combination of the mouth opening of /a/ with the shape of the
tongue of [i/.
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Table 1| Mouth opening (mm.)

opening of lips yopcning of jaws.
vertical | hori- 'molars incisors
zontal
A 35mm | 40mm | 20mm
1 15 45 small
U 5 20 small
E 20 45 5
(@) 10 25 10
Fig. 14 Points of measurement. Xy |2 45 0
AB : Opening of lips, vertical. Y, 25 45 0
CD : Opening of lips, horizontal. X, 5 40 0
EF : Opening of incisors. Y, 5 40 0

—~ = ET A, HOBAREILURLTVWOT, | BoRS T2 RE L THES
hET %, TOYAM% random ZAi~D A THEHERL, FHERZEI005C free field T
SHH, HAFEEE U TOHEE % forced choice 1w X hHER LD 3,

Fig.l4 3 ADHA DA%, Table 1 3B #A OFEIE2/RT. BHTHEORIIAIBD
Fig. | ~512R35mY Th 5,

Im £ B % B

Table 2 3HOHA A, L U, E, O OfRTH 5. W/OFENOMA OS2, /£

Table 2

Confusion matrixs. Symbols outside of each diagram show the mouth openings. a, i, u,
e, o in left row are the shapes of the tongue combined with each mouth opening. /a/,
i/, lu/, le/, o/ in upper row are responses. Figures in the diagrams are frequencies of

judgements. As the total judgements are 100, those figures show percentages at the same

time.
fat | fif | ful | fel | ol A faf | il {Jul | el | fo]
A 1

a | 100 a | 100 a | 4 2 94

i 9% 4 i 100 i 100

ul| 9 87| 4 u 100 u 100

e 100 e 100 e 82 4 14

o | 100 0 o 4 96 ) 56 44
‘ 209/ 96 ‘ 87 1081 0 ‘ 104‘ 100‘ 100’ 100! 9% 4 | 1321 162’ 14 | 138
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| fat| Jil |t | fel | fof fal | fit | 1ut| Jef | fof
E o
a | 100 a |17 83
i 100 i 100
w | 12 50 | 38 u 100
e 100 e 100
o 5 95 o 100
117 100i 50 1 138‘ 95 ‘ 17 ' 100\ 100! 100\ 183

Mo a, i, u, ¢, 0 FEDE%R, LEBOD /a/, [il, lu], [¢/, Jo/ DFFFZ, FHERLLTID
NIREERZRLTOS. 5 X SWNOBEHEIETHH, HEEH 1008 THE05%%
bRT. XFERORI, »ARFLLUTIPNIBOEITH 5.

1EAEADOBAADK, TEOE a, i, u, e, o KT AREEOHBER £E»5H
T s emEsn, B /a), fef & 100%, [if, [u/ &96% & 87% TIHME HS &L
DR U, Jof 120%T, & /a/ & XN TO2HESb» 5, XEefkE LT /a/ &3k
NIZEUE209T, THUIRESOMEDHIERBITH U TH2%1224 %,

Table 3 IZHIOWHA X,y Yy, X,y Y, OFRZRT, KFETable2 EFAETH 5. T2 &
2300 X, RTIZ, TOW a, i, u, e, K L TIXZNhZFR [a/, [if, v/, le] &
U TOMIEEH100%TH 545, FO o DAL Jof &L TRAI%DIERTH T, D

Table 3

Confusion matrixs in case of the mouth openings X;, Y,, X, and Y, Conditions are the

same as in Table 2.

Vel el el ] el gl || el el
g 100 Yoo, 100
i 100 i 100
u 100 u 100
e 100 e 2 98
o 51| 100 49 o 100
' 151' 100 | 100] 100| 49 \ 100[ 100} 102| 98 ‘ 100
Clal ||l gl | el far | fif | gl | gl | el
X, | Y, ~
a | 16 | 82 2 a | 0 66 34
i 100 i 920 10
u 100 u 100
c 2| 98 e | 2 74 | 24
o 2 08 o 4 9%
18 | 182] 102| 98 | 100 2 l 90 | 254 | 24 | 130
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Table 4

Summary diagram of Table 2 and 3. Symbols in upper row are mouth openings and

in left row are shapes of the tongue. For each cell, upper left hand figures refer to
percentages judged as the vowel which corresponds to the shape of the tongue, while lower
right hand figures refer to what corresponds to the mouth opening. Average 1 shows average

percentages of lower right-hand figures and Average 2 shows those of upper left-hand figures.

‘ A ( I U | E | o A"e;agcj X, ‘ Y, X, | Y,

100 100 4 100 17 6495 | 100 100 16 0
a 100 0 2 0 83

96 100 100 100 | 100 9995 | 100 100 100 90
1 0 100 0 0 0

87 100 100 50 100 882 | 100 100 100 100
v 9 0 100 38 0

100 100 14 100 100 839 | 100 98 98 2
¢ 0 0 4 100 0

0 9% 44 95 100 679% | 49 100 98 96
° 100 0 56 0 100

Aversee| uae, | 209 | 3205 | 29 | 3% |

51943 [a] & XHNTVEHEIDY 5,

Ch s IO ODOHALREDREIX Table 4 DN T D HN 5, FROFEXAD
WA, FUOTFBREOEOEEZRT. X, ZMOMPT, H oL, »2HOMA
EHHHEOEOMEDLRICNT, HOREHET HREE L TOVME 2R, —HAT
DL, AOMARZHETAETE UTOMMEZRT, LM 2ETH 50 HHA
A 5.

rEAE Al OB, AEw9, A0 rmINTVWA, chid, ADODORA &
i OFEOWTHITUIHEDOEHMIL, BOE i 2BET 2855 /il &L TIZ6%OW
WEEDS D 5 DI, HOMAAZBET MG fa) & UTIEWIMEO % Tdh AH%RL
T3, b ZOFXCREFEOEOLVREBEICH U TR TS 2F:bir 5. X Ao
EWSHIADETIE, fof &L T0%, [a/ LUTI0%THYH, T TRADKADITH
BHLTH 5.

X, Yy Xo, Yo TR, 323 LTN50OMA L - THE N5 B BEELIVD
b, BRI LEEDA, BILEOHZRET IHFT LU TOHBEDOANPRIN TS,

wi Average 1 i, A, L U, E, O OHORARZDHFIC, SHEEDOFEOR2E L
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T, HOMARBET 25 LT3N, MBI T 5% 2R LTVA5, 12

EANOHA L TIE, $NTOFEOREMLT /i) & UTOUIREIX20%TEH 5, #ic
Average 2 i3, STHOFOESG4XDEEI, NoKi A, L U, E, O 2BUT, FOE
ZRET ARFE LU TE»NIBORMERICHT 2% Th 5, 12 AEHEOE i T,
SHMOMDOWA 2L T i/ & UTOYBEEYI9% 1 ET 5, BIL /1) 2HET 5720
EEOTEOLTBOOHA L b EEMCEN TH 2FH b 5,

WMPET 5 &, THOMA T E Y, T, RO $XRTORENHREORI X - Tk
EIN, PMELEV. RUZOMOHEA TR, HORCEE SN NMTN»OEHE
I, 1LEAXADOBAATI /o] 2FFHHT, FHOMA OTIX /a) »RET
LEVRETDH 5.

HEDF»HRA E, 1TiE, LBROWLTXTOHORACRT /if & U TOHME
DED, RUMLD TEDIEOEEE, HOHAIC X - THBEIC 22T 5, 1ciilda
OEEE, FHoMA U, O, X, Y, R TUIBELSIEL, /a/ & X T AR,

LR E LT, HORVEE2RETIENBODICKL, AOMANBERHET S
XM, Average 1 & 2 DH#IT L - T TH 5.

IV, #fEHE XTER

HARIFMBOHDOMA & SHEHMOEDE2HEL, b 2EDR MM DI
WL DET2HEHFCONT, ZOREHKEL2RIE LI, T05 5, Wb 3 EHEH s
i3 Aa, Ii, Uy, Ee, Oo OS5HTH Y, I oZMOTh 1002 OBEETZN
ZNOREFELUTEDPNTN S, ThBADOI0EIZ, T T 5 5 D Eic iR CIEREHEN) 72
LOTHBY, ZOFITIX, HHEFE L TOMNMEVIERTHO S OBELAT S, i
23T B DOYPEABMLOERTH 5,

T RE PR T A 12D OFEHE L TE, HOELAOHA XD B THs, T
fil &, TNTOEOHEA K THBE SR TE.

RUMBEZ DRI >V TANE, DoAY - TIENZ BB 2T 500 5,
122 Ao TIX 100% /a/ & 3T A, Wiz Oa Tid83%b Jof X i TV, H
L [al & Jo/ LREORIEIRIC, HOBMSIKE - THREITTS. (THdALL
W<, HOREODOMS IR ED 20T, LML U 2EBHEELUTEASDY



AOMA & BOESARBERTURE LRI TETICONT 81

AT 20D, 253 [a), o] OFHEICADKA UTE VIRV, T OR%S

Ud fu/ diz&canzy, W5 [a), o & Ju & ORICEBITEREEHR TS,

fu/ ERBRSLEOVEAREL, & A, Eu 2 S TRUBESETFL TV A,
ARUTZEAMBMMLL T, LTFEMNESL TOhEfilitah, X, Yo TiRBRBE
»100% & 75 5 TV 5,

M%im/tﬁw,D@ﬁﬁ&mtk,neﬁdéﬁ.%bh?%ﬁ%ﬁdﬁﬁéh,
X@‘ﬂi%§ﬁwﬁmx

Xy &Y, CRABOMESZFELY. IEME2RET 50, HEZEAT 50O
THhHN, THTEST o/ BEFELWHERZITI TS, XX, & Y, §ABSERC
bHHH%, fef OMBEECNITE > TEHEULEILT 2. MILARENZERCOVTE, Z
D77 T b I I Bl s 5 2. %,

HIcAOBAOML» L R% &, TEY, TR, TNTORFXTHORIC L » THEIN,
WIS, MR ORA LB UL, ETHEIMD THET 205 2W0I3EEL TE
b, NBERE~HGECHEONTOARTH S, CORSEAEEL T, foak
BWHTICE T, 5EFHET ST RN 2 T2 EkT 5.

WE AT %, Massachusets Institute of Technology ¢ Stevens & House DI%E
T A L BB, 5453 Electrical Vocal Tract % T, RESHESOPE 21T
S>TWV5, COBOWEAZEFEE LT 1, HEOHRBOEH X 2 RAARONE, 2. 2
OWiFERL 3. PANMOTEA > ©— & v 2D 3D 2RI LTV 5. HEROMEEIL,
WA OHAEMER TIEIWETERE 5> TSRS HIE LT, o 2 EFEicowv TR,
L3 /i) BREMEOZLCI IR T 545, PAROMN B ISEcEEsn
THh, WL i/ WELUTEORICI > TIEINIBERRLTWA, ChKKL, /u/
BPFFRONBEEALC I A insensitive Td 5 23, Fﬁhrgmi sensitive Th b, B
FUEE S A58 75 6 SR DRI 272 DT LT REZ RS 200 5,

R, B, PAEONE LIBHED 2 EEOMS DRI TR USRS 2K 25
HABERPIERHL TS, AFZERIRAOERERC RsN5, tEild Ua
BTia%%» jof L3 ATVA, MiE Uo OHAITIE /o/ 13 HM% i@ T,
LUDKHAT Jo/ 2HET 41013, HOFIZa ThoTBIVELERL, BE
FHuE /o/ 2REET 5iTid, Oo, Io, Eo HLOTHORICHEINS b DDHic, Ua &1
5, bbb o WEMBRLERABOMAEDRICI-TY TR THLIHELRT DT
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RAOEBHNEPSRT, Ua MHIC Jof L3CTABEBMEHR N TLTY, #
FI A0, Wb 2 EHERYILIREEIERED A HSHEX 2 D TR VBRI 2HFE L
BALD.
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AR 2R 512D OEOHICHEL TELIZ DIREBVWEEA S, COHHELA,
b HIBEOTRTOEEDVBT U S DETHEVRELTRL TS
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