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1. BU®IC

AERBIIEERN 7 1 — PNy 72 RLD, 2D
WESIAST Tl WIEREEE DS (I, I
8% (segmental feature) & 5\ X5 & ISR

(suprasegmental feature) (2B WT, RFEE L
L (%o /2% A (phonation) X i &

(articulation) % H{EL SN Tnb, BERE
HIZAOND, Z0L) RIEFRLHEOTHENE
(T & LT deaf speech LI XN 5 C LB Y,
FORMIE, ROL ) i END Z LA
rn (Hudgins & Numbers, 1942%, House & Fair-
banks, 1953, Angellocci, etal. 19641), Nickerson,
1975%)
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L Lads, FOHEEMEICAONLESE
Iy, HEILER, BEWERE, BEEREEEOH
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(profoundly deaf children) DIEFEDOHHE S = 7
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FFEEL TWAETHY, 20~ 25OBAH M
Thb, HBEEDSH, HS;, HS; |E, BEHEE
FEIC, WEEMBMICHVWCII A~V
VEToTHBY, HS; ik, OFROFHRZIEAL
CaAIah—Yar&RyizizgTn5b, HS,,
HS,, HS; OB L ANV R OEEHEREE, FE
FME (ARG -Vt ad—24, 67TER) 13,
Table 1IZRTEB Y THbH, HS, &HS 1, BF
BCHEREHE RS BB WERERAKT,
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iF, FOBRMNFRILEBRBICELEVT, HE
EZITTERLDTHD, BIEEELED, HEE
&, TNCRIHE, Hipt X CLhIEE X D AETE L,

WV TWELDTH 5,

(2) FH&d SETORBEIFI—ETH5H
V1PV, F 8 (/ipi/, /epe/, /apa/, /opo/, /upu/)
% 2BRIESY, 2EEOEMEIEY L E
T 5, FEY IV, BEERT, BBREOO
B 15emicky P ENvw A 7%k (SONY
ECM290E) ##@ LT, F— 7L 2— % (SONY
TC8750-2) 12, 7 — 7 EFT38em/F CThE S 7z,
EEY IV ERLDOREREE, - F (15

X20em) (ZF PN, WEREICER SN,
EEFS VG, HEEYYELFEEES
(DANAC 7000), HE FIEMWLH S 2 7 4
(B&K2032, HP216, HP7470A, HP2671G) # /- L

T, WM R OB S 07z (Fig 1)
2F % 3 WFFT 7 )% A% — (Dual Chan-

nel Signal Analyzer; B&K2032) 2 & % ik i@4r

1, B0 JA BB 125ms, BERI S MERE61.0 s, S0HT

JE 86 4KH,, BB HRE 8 HAS, ZOHRE

Gk 3hi, AIDEBREN-FEFY VTN

(i, initial vowel (V1), final vowel (V,) 42,

FREN3ME (7% T L —BEH) OFr 7 NI L*

Table 1. Audiological outlines of hearing impaired subjects.
Subject Age Pure Tone Hearing Level (dB: JIS—1982) MSDS Tested
Average 250 500 1000 2000 4000 8000 (Hz) * (%) Ear*»*
HS1 20 R 713 60 65 70 80 70 75 95 R
L 700 55 60 70 80 75 75 75
HS 2 25 R 963 80 90 100 100 90 85 95 R
L 950 70 85 100 95 85 70 95
HS3 25 R 107.5 75 90 110 120 120 NR — R
L 105.0 75 90 110 110 120 NR —

* MSDS : Most speech discrimination score.

*»* Tested Ear: Aided Ear.

Fig. 1.

Sound wave editing system and speech sound analyizing system.
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Total Duration, V1D; Initial Vowel Duration,
CD; Closure Duration, VOT; Voice Onset Time,
V,D; Final Vowel Duration) &fE5OBE»HE
10FEBDY 75— FARS +T 4L, Fig 20 k&
HIREND (Fig 2)o Fig 31, RFEE (NSy)
O /apa/ DV RV, %) 75— FART 5
LZHDWT, 2ATHRESITRRLZHDT
Hb, TEY Y TVORLT Y P RGEEERE,
INGBEOZARNT Y POFEE L 572 DT
Hbo

Fig. 3-1i%, [apal (B} 5 initial vowel, V1%
L < Fig. 3-21%, [apal O final vowel, V, DR
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TEEED & DIFHEEIIC IR o 72/ R— VBT 5/
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Table 24k, HS;, HS,;, HS; K OVREREH (NS,
ENS; DFH) OFFY TNV ORRIEG LR L
bDTHb, Vi/P/V IlEDBET A b (Vy,
CD, VOT, Vp) OFefels i K &Rk (TD)
i3, BREENENIZL 5 T RARLDH, b
BEOFEHTHL L E, TDITH L THS; T,
HS;, HS; SN A FE LA EW I LD RO LN D,
HSs ix, TD CHIKT B8, & LA @S ICHM
LTwb, Vi &/P/ OFRSEDIEER & o o i
HXHMTH A ‘
Closure Duration (the silent period between the
last glottal pulse of the initial vowel and the burst
of the stop”; CD) &, WEJJ L)L A%95dB Bh ko
HS;, HS; 1I2H > TELLHEHLA B oTWAH, HH
L OV A370dB @ HS; @ CD i, 140.8ms TH 1,
#BEE D CD (128.0ms) LML 7-MEZIRLT
Wh, BEERUHS, DCDIE, &bIZVDLE
BIEFLERZ L5 THBY, /VIPVy/ BiEIZBW
T, CD D+ RWT &7, @aEFEgo 1
DCHBYRALNY = DERICES LD
ENEZLND, BFEOWERKTHS /P/ D
VOT (the period between the burst and the first
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Fig. 2. Sample waveform of /apa/, with measurement boundaries indicated by arrows

and operationized intervals for four segments (VL, CD, VOT, V2).

Frequency spectra of the bottom columm are liftered spectrum of initial vowel

and final vowel respectively.
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Fig. 3-1. Time-variant frequency spectrum of Initial Vowel (Initial /a/ in [apa])
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Fig. 3-2. Time-variant frequency spectrum of Final Vowel (Final /a/ in [apal)

Table 2. Mean durations and SDg for four segments

(V1, CD, VOT, V2)
of five V1/P/V2 syllables utteranced by subjects.

TD () VID ()
HS1 451.6 ms 151.3ms
(41.8) (9.66)
HS?2 457.0 198.3
(39.2) (17.07)
HS3 362.2 119.0
(19.18) (3.98)
Normal 386.6 110.5

(15.0) ( 8.33)

CD ()
140.8 ms
(21.24)

81.9
(6.27)

79.4
(9.58)

128.0
(19.83)

VOT ()
25.0ms
(8.01)

15.3
(4.66)

13.3
(5.90)

14.5
(2.70)

V2D ()
134.5ms
(15.35)

161.5
(21.25)

150.6
(14.95)

133.5
(15.97)




glottal pulse of the final vowel) %, HS; 2% %
EXPARALNALDBOD, PWEHEMIZITE A LEE
BN ENLZ Y, VDD TDIZHOAEERHD
X, HS; DFNIE, 0.42L RELMEERL,
HS; (0.30), HS; (0.35), f&F&E (0.35) MW
T D, final vowel x CEZ DXL THE L
TWALEIZEDRDLNAHUS; IZALNS L HIT,
B L ~OVAT105dB L EBETH - T, FHEFFIIBL

THEROT 4+ — KNy 7213 AR T

BYEITiE, CDAERC, VoD AR BAZ L
BEZOND, BIEERNT L A ETHER K
L T oral communication % &5 T\ A lEEE
12& o Ti&, CD 43I & <, VoD 2 I
b EWBHRNWIZENE,
(2) FAFWEITH SN BEY

FEARE WK (fundamental frequency; Fo) {3,
— IR E R (voice source) (28175 1 #1H
Hl2 ) OFHOREE Y ST BRI, F
W El Y AR OE, EENETFHEEORE
DEGICL > THEELZTH, BERATICAL
NLHGHRBEOEARFE OB 2EIE, 77
Ty b RGBT AIEROF E WFIZR Y,
HBE EvFEETELIELIDTH S,

Table 31&, #HERE M 4 (23B1F % initial vowel

(V1) RO final vowel (V) OREFHORKEF
AR LS DTH 5 FEKRB P OMBIIL,
WIREFOEIR—JVHDOS TA T L0HWE
niz. ,

BEEDRAT M, NS; KLUTNS, D 5 fRF DY
FARRE WL, vV T157.9H,, V, T126.1H, & 7 -
TWwk, /ViIPVy/ Th HEREE D AFEMFEEIC
BT AV, OEKREFEHE, BEOHMAEHIZS
JHELDIFNIEPRDENL, ViDFy &
Ve D FyTlt, —H LTV DT 27 D EWEIE
2R LT 5, IFEERE [Pl ITH< V. D Fo i,

/o RUBERETH D/, o/ ITBVWTEL, /e
o/ T oTWh,

BT L Ty OBRICENT, BEHERTEE
EETAREORE, /i, W/ IZBWT F 2w
ZbiE, EEETOHE (House & Fairbanks,
1953%) L —BTAHELEIATHAHD, /a/ IZHL
T, BFEMO /=/, /a/ 1EWEH & 1212200,
121.0H, ¥ & <, BAEHEFEHICA>TWVED
(Peterson & Barney, 19527)

PEEEEZ O Fy 1d, HS;, HS3 10 - TLL#m
BV EABALNED, BNV BWIETERE
ED—FMEBIERD LN\, HS), HS; D Fy
i, 5 REETEEAAE L, BELICASN
ViDF AV, DF &) —~BLTELCZLT
Jal, /i, u/ DFgHSfe, 0/ DFy & O bFENEVD
BRI A NWE SN 572 BIED H\VITEELE
HREEE L, WEEIRY BT TISED, BERL
DS EZ S TIIVDLLOD, BEHE
& Fo & DBERICBWT—BMH 5\ Iid A%
MV EHDZEDOREEXE ) 2hbE b,

(3) BERATE (F,-FB) CaLNL58

RV r FEERE, FiE (vocal tract)
DEL, FHEIZASNLEIED (constrictions)
DIMERHESORBEICRESIND, Thbh, &
TRy bid, OEORIMNN, TS 3%0
HEEHOBEOFBEORE (actual vocal tract
shape) 12 & A{EZEME T M T 5 (Picket,
1980%), —Hic, KBEORES LS GBE) i,
FEAOIIRD® C KbNBE 1RV~ b (F)
2RV U (F) ORBEHEHTRE S
5o

Fig. 41, /ViPVy/ BETHREOLN/I-HAKES
BHEOV, RV, OBBREBOB TR EF N
(Fi-F; &) TH b, Fig. 4-11F, Vi D F-F,
TH Y, Fig 4-21F, V; D F-F; ITH 5B, X

Table 3. Fundamental frequency (first page) of initial and final vowels of subjects.

i /Jp/s i e /p/S e

/p/S a o /p/ o u /p/ u

HS1 | 13564Hz 141.2 Hz 146.3sz 145.0 Hz| 140.0 Hz

HS2 | 244.6 244.6 227.6 182.0 2245
HS3 | 182.0 109.2 173.4 120.5 160.6
NS1 | 157.6 133.2 163.9 1217.0 143.7
NS2 | 162.2 123.2 160.6 117.0 160.6

137.7 Hz| 150.3Hz 136.5 Hz| 138.9Hz 141.2 Hz

178.1 178.1 160.6 | 230.8 244.6
134.3 167.2 135.4 180.1 124.1
142.5 159.1 1187 | 1517 135.4
127.0 | 157.6 113.0 | 163.9 124.1




FREQUENCY of F2 (Hz

FREQUENCY of F2 (Hz)

4000

T T T T
3500 HS1 =
HS2
3000 |- HS3 .
Normal
2500 - 1
2000 - b
1500 |~ T
0
/al
1000 - 1
500 | 1 | 1
0 200 400 600 800 1000
FREQUENCY of F1 (Hz)
Fig. 4-1. Frequency of the second formant versus
frequency of the first formant for initial
vowel in V/P/V.
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vowel in V/P/V.



OfkENY, 1R~y PULEEREY, FLT
fedix, 2Ry PRLEEET Ty PL
72bDTH B, HEMFERIL, 1000H, F T % HHHh
LU BB, 1000H, M E* R ETE
L7dbDTHAH (Kenig O i
1946Y),

Fi-F IZALNLEHFEHEOLEO LA E I, #
BEE NS, (M 0iELF0) XdhoT, BEHOH
BERZER AT E DO TRELRZ L FRLTW
5o

HS, , HS; D F;, F, ORI E X, V,, Ve &
LIEEETH A NS DENEAPL TV B, 1Sy,
HS, & EEEIHI (678EFR) 1, 0% L LofE%:
&0, BWREBOFRN BT DRI L)
T REHEDOZFNIMUSETHE LD TH 5 TH
niE (W5), FEEFIEAT0 % &, EEEOHE
BB 2SN iE %2 HS; OB ERATR L 3Rk -
TLABDTHAHI, US 1B o T, /i/ A
[/ 1EL, Ldd fi/ b /e b2k w v b
DEFBADOTEALOE LWV LD BND,

. Kenig, et al.

/i/, /el %, BEREHEFD /o/ I, LGLAE
ED [/ ICEMLTBEY, BEOFHEAL (vowel
neutralization) ASAWIZE N5, /a/ i, REE
D [/ \CEHBLEN LRV MEEFRLTW
BB, Jo/ FiTE ALREERAD /u/ 1E FRF
LTWa I EDRAELNE, /i, /e/ I ZHOENBHE
28NV = Y bOTRALE RERFILE, Vi LH
BIZ Vo Il @Bobhs,

ERES L UL AS95dB O HS, 1k, HS; & [
12, SEEICHT AR EHENET T5ICE
HTHEY, EHMEEME - TF 74— FNy s
& o T, AEEHOTHRILEER LTS, &
I3 LT, HSsid, BEREICBITLEH 0
7T LI EETHSTDH, AFICEB LT oral
tract JTEIR M OV BB OFBLICHEEDH B &
TRLTWA,

5. %L
IR &Y B & I ETEE R,
AREOTHLE Y A7 5 LB LTV b HED
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5. Asymptotic effect of performance in frequency

discrimination test at 1250 Hz. Relative frequency
difference limen (AF/F) is plotted as dependent

on practice sessions.



DV EERTHIEE 3 AR RIS, /VCV/ F
HizHHsE, HFEUH M LREEE RO EFE
WY 27 LT L 5T, 1RO OFESHE W
OB 21T o 720

(1) BEMHEEICA L NAER

JViPV/ 1255272 v bDHH, CDIid
TV HS95dB Ll L O BRI ICdh - THL
(I o T e, EREE LT L~V A370dB
OEEHIEE O CD &, V; DR & mp3
LIEEICTHICErP oz WHEW T 4 — FNy 2
DMET AR EE L EREHREICH - T, Vo.DO
TD I EDBE AV EDLDTRTH 572,

(2) EARFREEICA SN LM

RT3 L~V AH95dB DL - o E R HEREE O F AR
W (Fo) &, BMENUSEHIE LB LT
BWIZ EPROLNED, BEHLNVE FyOfE
i, LD TId R v, B R UVEE H
HDFold, SHEMTRELREHERL TV,

(3) BERASHIZAS N L

FEIT L OV 595dB DL F D EFEHETEE Th - T
b, Mfex e, TENAR, WEMEIIIE
B ZRLTCOBIERICH - Tid, BERT LR
TEE L AR ICHB L LG5 2 L%, FEEHFFN
ICHEDPr D Tz, BEREM 7 4 — NNy 7 2 R
A2, BEHSICBIAERH ST ST LT
ThoThH, DEOIRE GEEOFFL I E
DHbHI EMPTRENT,

X B
1. Angellocci, A. A, Kopp. G. A., and Holbrook,
A. (1964): The vowel formant of deaf and
normal hearing eleven-to forteen-years old

(@2

boys.
J.'S. H. D,, 29; 156-170

. House, A. S. and Fairbanks, G. (1953):

The influence of consonant environment upon
the secondary acoustical characteristics of
vowels, in Lehiste, I. Ed. Readings in Acous-
tics, 1967, The MIT Press, 128-136

.- Hudging, C. V. and Numbers, F. C. (1942)

An investigation of the intelligibilty of the
speech of the deaf.
Genetic Psychology Monographs, 25, 289-392

. Koenig, W., Dunn, H. K., and Lacy, L. Y. (1946):

The Sound spectograph. in Lehistie, 1. Ed.
Readings in Acoustic Phonetics. Mass. : MIT
Press, 1969

Markides, A. (1976): Comparative linguistic
proficiences of deaf children taught by two
different methods of instruction manual ver-
sus oral., The teacher of the Deaf, 74:
307-316

. Nickerson, R. S. (1975): Characteristics of the

speech of Deaf Persons, The Volta Review,
77, 342-362

Peterson, G. E., and Barney, H. L. (1952):
Control methods used in a study of the identi-
fication of vowels. J. Acoust. soc. Am. 24;
175-184

. Picket, ]. (1980): The Sounds of Speech Com-

unication. Baltimore: Park Press.

Weismer, G., and Cariski, D. (1984): On
speaker’s abilities to control speech mechan-
isin output: theoretical and clinical implica-
tions. In Lass, N. T. (Ed. ) Speech and Lan-
guage; Advances in Basic Research and Prac-
tice.



Summary

Acoustic-Phonetic Characteristics of Vowels Utteranced
under VCV Environment of Deaf Persons.

Tomoyoshi Yoshino

Congenital profound deafness prevents the normal acquisition of speech. General effect of
deafness on segmental and suprasegmental aspects of conventional spoken language is not always
dependedt upon the severity of the hearing level that is estimated by pure tone audiometry.

The amount and quality of speech training, the use of suitable amplification device and the
intensive auditory training are of very important for the intelligible speech production.

The relationship between auditory identification and speech production may be probably
inter-reciprocal. v

The purpose of this article is to present some of the findings on characteristics of the speech
of hearing impaired speakers who are different, in the auditory discrimination and identification
ability for speech sound.

Subjects are three severely and profoundly prelingual hearing impaired adult males - (HS;,
HS,, HS3;) and nomal hearing persons (NS;, NS,). They were undergraduate and graduate
students in University of Tsukuba in Japan. Table 1 and Fig. 1 show the hearing level (JIS-1982)
and the most speech discrimination score of subjects.

The speech samples utteranced by subjects were /ipi/, /epe/, /apa/, /opo/, /upu/. These
samples were analyzed by sound wave editing system (DANAC 7000), speech sound analyzing
system (B&K2032, HP216, HP7470A, HP2671G) and the software (TSK-FM).

1. Duration and temporal characteristics.

It has been considered that the speech of deaf persons differ from that of hearing speakers

with respect to temporal aspects.

TD of HS; was similar to that of normal speakers, but TDs of HS, and HS; were longer than
that of NSy and NS,. In such an ideomatic expression, TD may depend on the degree of hearing
impairment.

Temporal aspects that constitute four segments (V1, CD, VOT, V2) and TDs were
measured. TD, VD, and VOT of HS; was shorter than that of other subjects. Closure duration
and- VOT of HS, and HS; were shorter than that of HS; and normal speakers.

JI. Fundamental frequency and intonation

It is well known that fundamental frequency of voiced speech sounds varies considerably in



the speech of a given speaker. Fundamental frequencies (Fo) of Japanese five vowels in VCV
speech environment (V1/p/V2) were measured. Average fundamental frequencies of initial and
final vowels of HS;, HS,, HS; were higher than that of hearing speakers. The fundamental
frequency of initial vowel was higher than that of final vowel, on the average in all subjects. Deaf
persons were apt to show a relatively high average fundamental frequency and a monotonous

intonation.
I. Articulation of vowel.

HS, with hearing level 105dB failed to produce appropriate vowel. Fig. 4. 1. and 4. 2 showed
coordinate plots of F2 against F1 in initial each vowel and final each vowel respéctively. In the
case of HS; that frequency difference limen is significantly higher than that of other
hearing-impaired subjects and a normal hearing speaker, the degree of overlap or proximity
among the areas representing different vowels was much greater.

Severely hearing impaired persons who improved fairly well in auditory motor function and
profoundly speech perception enhanced articulatory competence as same as a normal hearing

person.

Key word: fundamental frequency, speech sound analyizing system, formant,

vocal tract, vowel environment



