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The Intelligibility of Short Japanese

Vowels as a Function of Duration

It is necessary to apply the speech sound continuously for a certain duration
to identify it correctly. In this paper, studies on the intelligibility of Japanese
vowels as a function of duration are described.

Procedure: A female voice (pitch ca. 280 ¢/s) was utilized, and the steady
portion of the vowel wave was multiplied by the modulating rectangular pulse
to produce the short sound wave. Duration of the rectangular pulse was varied
from 5 msec to 100 msec. These samples were edited in random order and recorded
to make a test tape.

Six trained listners were selected in this experiment. On each stimulus
presentation the listners made two responses; (1) they attempted to identify the
stimulus sound by writing down one of the five vowels; and (2) they assigned a
rating of 4, 3, 2, 1, or 0 to indicate how confident they were that their attempted
identification was correct.

Results: The rating score assigned by each listner was added up except a
incorrect identification. ' The quotient that the total rating score was devided by
total number of response was named “mean rating score” (MRS).

MRS rised with linearity against the logarithmic scale of vowel duration from
5 msec to 50 msec (Fig. 2 and 3). This linear regression was significant.

The regression coefficients of each of five vowels were not uniform; [I] was
the greatest, and [E] [A] [O] and [U] followed in order.

The shortest duration necessitated to identify each vowel correctly was estimated
from this regression line. 4

The shortest duration to be able to identify [I] was estimated at 19.6 msec;
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[E] [A] and [O] was estimated 21.8 msec, 34.9 msec and 35.7 msec respectively. [U]
was not identified even at 50 msec duration.

The soundspectrograms (Sonagram) were shown in Fig. 4-7. The longer the
duration of vowel is, the more the figure clears.

Table 2 shows the confusion matrix for vowels. [U] was apt to be confused,
and [A] [U] and [O] was confused each other. It is distinct with the similarity of

the soundspectrogram among these three vowels.
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BAEDWFICIITE 2 OTTHED S 5035, TS50 5 DU EROAEL» 5 RTHS
HARL BT EOTH 5. TR S OBEE L UTIIUBEREESZ DL S
FETH 5,

Fr2BHABEREOEFR PNV O—&E UT, BERCET ARERH 2 ETA
LU, Az OERHCO SHRERMA T, COMEIET sENOHRIE 2, 328
ADCHET, U bzOHEICHEL TRITREASOTEAINC L) m3hr b o
<, ZOMRITEBMCZ L0,

PLEORME Y, RAIIUMERAEIC rating response OHEZZEAL, FHIFERE
FOM CA S % BN CHHE T N CARER 2L 72,

X B F &

1, SRt LT T+ 2 0% —D pitch #9280 ¢/s @5 HFZ2 A5,
2, FEEREEE® block diagram (X Fig. Lik/pd, S5HEF 22N ZN endless tape &
L T Taperecorder FT-1 (Sony) ic kb

" H . . .
Tapsrecorder Synohranizing MAEL, #0HI% synchronizing cir
(F1I'-1 ) < oiroutt cuit 3L electronic timer @ in put
\ I, timer IOV TR (I I
0scil- 24 e .
lator V% FEI R BRI B 9 5 SEBRATITSE | TR
Electronic -
timer LTV B DTHMES %, synchronizing
Tape recorder T
I . circuit MHJJiX negative trigger Tdh
(KP-3) -
Osailoscope | -7, 2> leading edge ix AJTBDE~

Fig. 1 Block diagram 50 ERAMTIZIE—HL TS, £
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@ negative trigger % timer (O multivibrator @ plate ~#EfilL, D trigger iC
&b multivibrator % {#ih ®EIEO—E D b ERER kG T 2 BB 21ED, Zhic
XY EEEEH R &b, (EENEOED sample 2135 C EHHIK D,

Results of rating responses.

Table 1.
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timer OH{J7ix Brown &
oscilloscope THIET 5 L &
31z, Tape-recorder KP-3

CRET) WEHISEET 5.

3. HNMoEs%R5, 10,
15, 20, 25, 30, 40, 50, 60,
70, 80, 90, ¥ X r100msecd
13fEE U, SREw> &\
65/ D sample % random i
WA 12 D% test Htape
3%, test fl tape i<isl}
% 4% signal [HDFEIL 7sec
95,

Wi tape i3 Synchro-
tape (TDK,), tape speed
19cm/sec &9 5.

4. WIBEMRAIL SR
T BT EICR TITWV A
MRME 62X b /5% crew
HEE S & 5, 5% forced
choice &L, %Z® response
[ S pearal
2i3bE 5,
ATTEMICH B RRFIC S T
AHbDE4LEL, HVEWL

rating response

rating D5

b D% 2, L YERED
bD20EL, BEKIEUT,
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3H BV 1D rating #H7 3 L 55RT 5.
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1, rating OHAT: 6 BD crew i< 209 OFHL I ® 721200 response Dkl %»
Table 1 w/RT. 4HAH0NME 3D rating 252 iz, S5 E L SHEORTIC
ONTHEIML T 5935, [0O], [E] Tix70~80 msec Pl ETH»A - T rating 2 3L
TR 5, #EFEE S S0msec FifR T rating 4 & 50 3 H W,

Table 2 Confusion Matrix 2, 5 : confusion matrix % Table 2iz
Response Total AT HSEE [U] [O] [A] [E] [1]10ME
ota
ujo|alE|1 bz e, [UlCIZ BRI O s
u X8| z2] 504 % mopg gramEa [A] O] [UIE <
O 8 2, 6 16
>< [E] [1] iz, [1] B AREE 2%
5| a0 2 2 14
B — >< 5 UL Dis SASIIZTRT [U] 56 Tdh 5.
n 5
B N4 B 3. mean rating score (MRS) D#HEF :
1|31 X 4
Total| 22 | 21 |24 13 | 4 | 84  SURSINIZHA rating score 20 &L TH
A 5Nz rating OFEHERDEHLIZ D%
e mean rating score (MRS) &{R#d 5.
T Kl ERk R I DS B & b b
? \ 8o ic MRS % & - C plot 55 & (Fig, 2.3)
. o
g i
0% o 4r . ‘
& .
= B
1+ 3r
5 5
& =3
®
1 1 1 1 1 1 1 A1 2 1.1 m B
0 5 o2 4ot 7000 §
o
Duration of sound time (msec) /g\ °
Fig. 2:Relation of MRS to sound duration & It :’_E%}
of vowels [U] [O] and [A]. = .
The abscissa shows the logarithmic scale of
sound duration. The ordinate indicates the mean 0 5 10 20 30 4050 70 100
rating score (MRS) obtained for six listners. Duration of sound time (msec)
The solid lines show the regression line for Fig. 3 shows the data of vowels [E] and [I];

[U] [O] and [A]. same scale as Fig. 2.
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B E $40~50msec F T3 EFT 595, 50m sec- YL ETRESEVNH A0S LAET

T AHANRLNS,
5~50m sec ® MRS ELFHIIZIFEMRTDH 5 DT ORIFERZRD 5 &,
[U] y=141 log x+0.10 F (0.01)=30.8%*
[O] y=1.94 log x—0.01 F (0.01) =23.2%*
[A] y=2.41 log x—0.30 F (0.01)=177.5%*
[E] y=203 log x+0.28  F (0.01)=17.4%*
[I}] y=3.46 log x—1.47 F (0.01) =68.7**

Leh, g 1 %ORETHETH 5.
[I] 238.1 msec T MRS 4 1<#9 % 5D 4 BEid 50 msec T4 MRS 4

9244 AN
5 BELUOEETIX
y=2.20 log x—0.28 F (0.01) =106.9%*
&izh,

4. Sonagram : (Fig. 4-7) {5##f10msec T3 formant I L5 TH 25,

S5 FBEMicP US> pattern DERBH AL ENTE 5,

20 msec T3 2D IS5 L7, 30msec, S0msec & FHFRIDEL 7251LD
NTEYELE-5TL B, UL [U] [O] [A] w2\ Tik, Zd pattern & LT
BY, BICEHERD pattern HSREVTH 5.

[U] [O] [A] [E] [1]
Fig. 4
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[U] [O] [A] [E] [1]

Fig. 5
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[U] [O] [A] [E] [1].

Fig. 6

[U] [0] [A] [E] [1]
Fig. 7

Fig. 4, 5, 6 and 7 illustrate the sound-spectrogram (Sonagram) of short Japanese five vowels.
Durotion of these short vowels is 10 msec in Fig. 4, 20msec in Fig. 5, 30msec in Fig. 6
and 50 msec in Fig. 7 respectively.
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BRERLUILER

1. R HE OY BRI DT

MiE 2 R OETEE TS 5 &, 2 OYIENRHEIEEOREBRI DA & h k5
bDTI/2s5h, ZDHRK energy BRIEFRMED & CAi1cd 505, ZDWHNC § HH
fic energy OATEHB RS54, 20D Eenergy & fon/d (£ : FIBENE, n : (570
Bod: EHERED OECATO LS, TubbHRMNTORI2/MTH 5. ZhillEHE L
25 PO O 1/21278 523, HIDHDHD % energy ORI KEs 5, %2
U THKHE ORI X b click X hMFIGET L, —HEOHYD L&D Tid energy
DOAREFEHOHLD b UARIEHICH 5, HAEBCHU T OBERIIERTID %
b, WM & A FEEBUK 02 bic kY, FRFEREEIRRRE & B 5 1B BURS B R
T ERMREZLONS, % Sonagram 1 X VBT 2L, BENEL S 31To0
TZ®D pattern B3 -3 D UTL 3RBBIEPLH»TH S, oA [1] @ Sonagram
R %258 - THEL (BB LTH 5 & Fig. 4(10 msec) T L& bic click &32x
NAMDIR DY, HREOAH [1] O pattern 5L S DEREUL TS, Fig. 5
(20 msec) TIIWUHDBIRILCML 2, RULE R TH Z DD energy ORFiD %
RUTWV S, HUREBOMKEE [1] O pattern 123 £ %5 5T 5,  Fig. 6 (30 msec) T
B click XML HIEED pattern 3 FTE TP E 25 TL 5. Fig. 7 (50
msec) T b IZIFARETH %5 pattern OFEEUED 30 msec L $ 3 5 cfifilicis 5T
W5, D4 BT OWT IIITEBETH A, T/8b 5 10 msec TIIATHRED click ©
BAPKEIVM, FEFO pattern PEINI 5 X H USVESL ) YREHDI T 5T
EWBTRENA, UL pattern 2D 3D $ 50 msec T FI7IEFE D BAGE Ak &
energy BOKINZ ERRUTE Y, YN X 2 BEBIRS 0% d 5 EF 7 Es
57w, [U] [O] [A] MIOHEEDZ G Sonagrom h 5B INL TNHDELE b
—#L TV 5,

: 2, B & WL DRBEFRICDNT

B 941‘-51;;‘3;‘?5:5@«&7: T & { I 50 msec Tz MRS ZISRIORM B LLEIL T LA T 5 45
50m¥9m£ﬁ@JM$ BEEAELERE LY, Fig. 2, 3 WWRTHEEPEEL TS



68 X H X B MO OR M B M B & &

plot 317z MRS i3 EH L hEEN, KEH AV UAETOBEWZRT. 22 T50
~100 msec DEIC DV TEYFERRZRD TA % &, - BRFEROME, [U]-0.198, [O]
~1.500, [A]0.016, [E]—1.250, [1]0.090&7sb, [A] [I] ki3i3K¥E, [U][O]
[E]JZETOMEMERL TS, L L h s ouRERE [A] 220 Tid 5 % D&M
KTHETH 5, D 4BF O ONTIEEERZ A LD, LIgh - T50 msec M1
B B LEOBEMZBARDHE T SV EIZE A2,

KiT 5~50 msec THHC % MRS 4 $ CHEESMELTA 2 &, [1] 33T 381
msec T MRS 4 ZEZLTW2ADTHAT &, [U] 583.4 msec, [O] 116.7 msec, [A]
102. 2msec, [E] 68.0 msec &7ch, 5EFFLMATIX 882 mseck £ 505, L MRS
#3550 msec LI BT $ EHARMNIC BT 5 & FhuE, 88.2 msec TP Tic4: response 3 rat-
ing4 ZARLTCWRTAIEE S0, Uk sic [U][O] [Alofizzh X bE»iCKE
{, 882msec Tik MRS 34 UTTHHFETS. $72bH550 msec P LEFTLODHE
WrRiFTscERTERVEEALLNS, Chud [U] [O] [A] cRIEoZ N & EF
A58 T, MRS %2R 2BORBORFNVCHENEZEINTWE EELLNS, 2T
SIE R BRI U IEE D AT DV TO rating score DAFHE EETHRL TH % & (Table 3)

Table 3 LEEHIIZ B H50id b 50 msec DIE S EEMIC

ulo|a|® |1 ECEERLTVS Fub5 MRS 2 50
51083 |1.18]1.17]1.36 | 0.80 msec FHEE TIXERBOMBCHHIL TER

10| 2.44 | 2.18 | 2.20 | 2.92 | 2.60
3 > 7
150 2.67 1 3.18 | 2.49 | 3.00 | 2.34 TAHH, ZRLEEHEEZHUTERLA 5]

20 2.87 1 2.50 | 2.72 | 3.00 | 3.50 WeEz b5, S0msec w5 MRS {Hiz
2.74 |1 3.00 | 2.92 | 3.42 | 3.83
3.12 | 3.27 | 2.75 | 3.36 | 3.58 [I] B\WTIR4LTTHS, CheERHE

3.22 ( 3.08 | 3.18 | 3.25 | 4.00
3.75 3.70 | 3.42 | 3.83 | 4.00 AL DVIEET S E, [U]2.480.25, [O]3.29

60/ 3.34 | 3.46 | 3.5¢ | 3.66 | 3.83 041, [A]3.34=0.16, [E]3.73:0.49& 7%
70 3.87 | 3.54 | 3.40 | 3.64 | 3.92
80 3.6213.1013.50|3.75|3.75 D, [EILSMEZ2D LR $ 4icZL W LU

90| 4.00 | 3.00 | 3.50 | 3.75 | 4.00 .
5 1% (Fi5e) IDENDNA= YIRS
100, 3.50 | 3.00 | 3.64 | 3.45 | 4.00 REQFHRBID ERD b Prid

Duration sound time (msec)
E2388

Table 3 shows the quotient that the rating 3n35A 6NTVNHDT, MRS 233

total rating score was devided by the ET A PRDTAH B E, [0O] 35.7 msec,
number of correct identification.
[A]34.9msec, [E]21.8msec. [I]19.6msec T,

These values are larger than MRS in

general. [Ul1350msec T3% MRS 31U 20, 7%
b5 [1] [E] i320msec figk, [O] [A] & 35 msec THHIATREL 55,
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B2 [A] [E] [1] 1 15~20 msec THOTH %25, [O] [U] 1& ¢ DRFRIH I HIlT
AHRIs B d 5 LR TN B A E B I2IF—FT 5. U UIREBIE tape 24MrL T 5 Bk
e 10 msec FTEMUTHIEL KWK S LT3, F-EAE [O] Fidik
2T [O] EWIBIT & TA BB, BDIT - 1A OEEREH & —H8T % LifxT
%, Mg SFEHDO— AKHYLIFNCHER U IR T, BIE L 50db 2y 258
PERE I3 250c/s T16.68msec, 1000c/s T11.63msec, 4000c/s T8.16 msec, 8000c/s
T 6.36msec Th H, EfANEEEZEEML TV A0 2T pitch 4% &) BRI
Bohish o1z, Uk UEX OO 5 AT $250c/s T16.68msec &1 5 flid [1]
[Elof e, REERH#CET 50RI1aKIA% @ pitch HEEDRE O S 23T 51
P AMICEON E RS C ERHIRS, 1212, B, BREOME DX, Rax OO
DEEEHESTCH ML, VIBEREDTEECZDRERGH 5D TREV»EHBL S,

3. HEizonT

Table 2 icRo5N 3@y, W [I1 [E] [A] [O][C] Dlic®zh, ALY
& [A] [O] (U] o= 3T o =FichUEdic L, Tablel 455 & 5
ww (U]l 3ERACBEFE s S BEWERES L, 20K [A]l £0i [O] si»hTn
. cociid [Ul &0 BEEPUM &V Bicd U Tty [Ul LT
pattern ZELNBNO TR BV EZA LN,

CCTHRIEHZICOVWTAUBATAI, WAV D HEAZHNTENZIEL KN
FThzwIL, WAD  OFREROHICZOERICHT 2FE D (cue) 2R T3,
UL UZ®D cue BREANCE > TEDUT DR Y 550 ANV, FAMIEL L
MERE &S L DIXBRAD cue O—H U TV AETICZDEHD pattern 5d 55 5
Thr, BETRANDLERADE > TVD cue 5BV, BEOIDICHHD pat-
tern IZh, BT ATz SIKMOBED cue ORIAMNICAZLEIZED cue 1T AD
FTHNHTUEIDTHA 5. L LZDOEAT S ICER S BEOMN»ICHC S &%
FFsicwie, HACESTOL 5»RS cue DHFIANZNZE DAY D & 512D 5
BEL5TL A, ED cue ~NEHAE S ETH0VARBELLHESN, 2055 E
HDHD cue DIEIPHEHISND 5.

CHOVIBAL LR L BEERR2ERE TN T 5 L0 @iz [U] @ pattern %
FHU®d L, —AOBED pattern OIAUIEBRAERD s icd 5 [U] [A] [O]
cue DHICE H ZENRTVEELLNS,



70 A H o B oW R M 9 H B M

#

E

WRARIZHAGE S B O 2B TUM U, Z Ok & HlEOBfRic> 3%
B2 (Ts0, ok zEe.

1. RO MRS 3ERH 50 msec & TIXBERFIOEICHHIL T LR 55
50 msec P Tk C DERIZED S,

2. MRS @ AR5 BEFEIcEND D, [1] K428 T, [E] [A] [O] OIEiC
Bob s, Ul @R %2R0, 50msec T4 MRS 253 e ¢RI
INB T EMBHW, ,

3. Sonagram @ pattern (IEREAPEL 251> TP L5503, [U][O] [A]
TIEFHD energy »iE{, FEPIL I pattern 2IRT,

P H 1o b BEREOGEEROMIFEERE 2R L T
AHTOESE 6 HHABEREKS (37.11.10) wiswTOE UL,
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