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Perceptual Study of Segmented Japanese Monosyllables

The purpose of this study was to investigate the possible influence of a certain
method of segmentation of speech sounds upon their identification.

Procedure: 1) A male utterance of forty Japanese discrete CV syllables, which
included fifteen consonants [p, t, k, b, d, g, s, h, dz, d3, r, w, j, m, n] and five
vowels [a, i, u, e, 0], was recorded on magnetic tape. 2) Positional matching be-
tween a syllable’s recorded location on the tape and its indicated position on a
spectrogram was done by means of a technique employing a sound spectrograph.
3) A boundary between consonants and vowels was determined at the point where
the vowel formants began to enter a quasi-stable state on the spectrogram. 4) The
tape was cut vertically at two points each of which respectively bisected the vowel
duration and the consonant duration (in the case of the voiced consonant, for this
study, the buzz bar was not considered to be within the consonant portion).  5)
The initial half of consonant segment tapes and the latter half of vowel segment
tapes were joined together to make new syllables named “initial consonant sylla-
bles” from the conmsonant portion weighting and referred to as “IS” hereafter
(Figure 1).  6) The remaining halves of the consonant segments and vowel seg-
ments were then left to form “transitional syllables”, referred to as “TS” here-
after (Figure 1). Thus two kinds of syllables having equal duration in details
were synthesized from one original syllable (Figure 2). 7) These syllables were
edited in random order and re-recorded to make a test tape. 8) This test record-
ing was then played to a listening panel of twenty students in psychology.

Result: - 1) Syllable intelligibilities for the IS were significantly higher in
general than for the TS (Table 1). 2) Vowel intelligibilities for both IS and TS

1) AWREOEES T, EHPREEAREEGERR, 198E7 A, HARLNEEXEZEAZITE
W, FEKEHEBEERTRE S, 4XERE, AHE8HE oD, [HERRICKY 521
WIRRODIFE] OB 4 E LT, EHo Lo THRKRINI,
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were affected only slightly from bisecting the durations (Table 2). . The influence
of bisecting, however, was somewhat more marked in the vowels [i] and [u] than
in the other vowels (Table 3). 3) Consonant intelligibilities were approximately
as high as for whole syllables, because vowels in both IS and TS were highly in-
telligible (Tables 1 and 4).

Aside from the intelligibilities of consonants, a study of consonant perception
using a confusion matrix revealed the following results (Table 4). Stop consonants
among IS were highly intelligible, but for TS they were frequently not heard,
especially the consonants [p] and [b]. Fricatives and affricatives in IS were also
highly intelligible. For TS; [s] sounds were heard most frequently as [t], while
identifications of [k] for [h] stimulus sounds and of [d] for [dz] stimulus sounds
were dominant among error responses. In the hearing of liquids, misidentifications
in IS increased as much as in TS. In both IS and TS, mishearing of [r] and [b]
was marked.  For other liquids, the observation of misidentification tendencies
was not reliably established. For IS the perception of nasals as nasals was most
frequent, while in T'S correct identifications and [b]-hearings were dominant.

For each comsonant sound the possible perceptual cues were analyzed for this
paper by means of spectrographic studies of consonant sounds and by studies of
confusion matrices.  From this data, it was concluded that initial durations con-
tained a higher concentration of phonetic information about consonants than did
final durations.

Yoshio TAKEUCHI
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P YBANC I BN 2N TH 2T b =0 59, FEFI/SoW L BN (BE
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w3, Wb sFEHEUKORBIBEPBA LN TNIDTHA I,
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EEEBEORR RS MED T2 OB 2R &,



S e EUARSE R 0 0 1 R R (T 5E 73
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HRDTICIRERD 5 L KB 6N % RESHEBSNEEL T0 s, $ubb, EEER
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BICLBELE, ZLOEEDBMNES CEThA, LhrLINbOEEE, SHEOM,
SOb, YENSERESY S HEOBEENREE 2EL Y LT 2RAOEDHTICSS
BOT, JFoNEENREOREI O ZRINT 2 C L1tk o T, WEETIED 2 MR
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A EEROV S5 commutation® 2 FHEDUTLTRITLICEDEA DT EMNTE S, 14T
I LI DREIC L 5 ERERBZHIEL T E™,

B DT D DUFALOTHERIZZ O D72 T3 koicid, BFCHET 0% &5
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70 51E, BB EB TS0 858 Lk AL, Peterson 5™% B— articulatory
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AT AT b dyad OFILHIB000~8500TH B & HER L T 3™,
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A OISR TLEME & 72 1 RN ) ORIBEOAIRIC H 725 C, BN
IE— s Y R OHREIC & 2755, BEEORMICHE T 2 MEOZRICRMEY 2 ¢ &8k
BOEBHTHA, COPFCKNTIDORZPEBET 5 enic, HH2HEFCTEL,
oz DEFED b DR 2 —E ORI ST UIRHERET 2 Tk Ao, 2 TYIRIERS
INAHFHOWHRRZEL T, REITTREDMIT, AENTE D ORME, WH A
KT AR 2EBELLOETHEDTH 5,
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3.1 FEEREKIOEA

FEBCHER L7 DE—ZOBABETF (NHK 75 v oo —) HSECFE U A
FHili b U 40ED FEHTH 5. [p t. kb, d, g s, b, dz, d3, 1, W, j, m, n] @
T E B BE RO S X THIRD [a, i, w] £7213 [a, €, o] OD=R:F &4
3Nk bDTHs GEINEBR). BEINICFWMOT — 7 ETOEM MEBOREIR
WBUFT I T RERUL, TR0 13 /sec TREINICT —T %2V 77 7 7 DKM
(Z OEERHE L 157 /sec THB) O LT Y DY TEE Y 776285 GE1INDV F
T REEDI LDV D RIRLTNA), fibhicy 37 7 AOEEDORR, VY
T 7 DR EREN  FONBEP LT~ 7 i~ F2E0TE3, TOLHT
BEVFTTITOREN y ROHMINZBEOBES L VKT ITA2DTFI AL —~y I
7 v S R TR L 72,

3.2 43l - FREE A

BOT » Vv IR F 77 ATERIRBICA S MB2FE & BEOBER & BIEN
IWEET Y, FESEBESTOYE, COSFEIER R TH % 25, transition 3
WEPPBERTFEOSRAICE» S VRETH S, B IRIURT LI, HHEBOKBE
h Db (BEFETIZZ DRIO buzz bar OIEDDOHta TIX/s) &, BIDcE &
PFEFEEEORRM o 2T[{. bo, oc 2ZNZEN_FST 5 m, nitB\TF—7

EYFL T, L& U TFEOBGHS EEEOIPEE2ETWR 2 DY, TEHE

H 4 Pich RO IDTFE Sl SEBECOMET 2~ RIOTEL DS FEE-IEL S

5.
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SHCHEE LT o BT B D B &S, BITEH2M»N5R 0 O 28 m, n 25l
BLOCHEELT—2DFEMEZAKRL, M EVFHEMR, DX 5L T—2DFEHN
5, WHEREHODEL OO DORIBMBMHSVES N, BD B D0 ORI 237 | b B,
BATRIC &, RIMER AT v Fac®silL, 4BokIERBORICF v N—a—y
B ANT, WEBEREL, BWREBHAO T — 7 2{Es 72,

3.3 IEREER

FALF T RBEHOBNTAE -1 —CX WEELK, WL, HACHERL-gEn
&, v=—% CP-1, KP-3 DEB LR OHEEREHED TD-102 BTH 5, HEELE
SEHELDFEENTHAS ORFINCEEIR D 2175 7o, HREZZEREENIHORRIL
724, Y ICH o T HAREFCRVELLU T 2IREHES TS L 5E8RL .

4 R EEBE

4.1 FEIERE DT

4.1.1 ERFEOM TR L 5T, DEERHSINIEROTHEIW DN T F&Y
W LEICR U, BHOTRER, SHcEIN TV IEE, TEREMNE icid
OPBAINIGERERGE L, ZOEGEICHT2EFETEDINTN S, —F
DL RISBILIA X BEETH B 4, FEIC Lo TIHO0ITIE 57510 b DB D, ZOTF
HFixho CTHATH A, BlIHFRCkoT, T EOVE, BITEPHETS &, £2FFFW
ST ENEN6SZS, 1225TC, COEIDHERTH S CUTFHRERZ T T L 572™),
FERNC A S & [b], [dz], [dz], [W] DA CIIMBROZEE T < THEBE T LY ENEL,
BistiElr], nIEHZTTH 5.

4.1.2 FHFORFIZIOTHBEZ2RAU L SCFENCRUICONELRTHS, &
BEREEINTH A, HEE LIKNO%OENTIBET, #FENCA AT VTN S
Table I : Syllable intelligibility percentages in comparison for the two kinds
of segmented syllables, “initial” and “transitional”. Those statistically
significant percentages (P<(0.05) which prevail in each pair of syllables
is presented in bold faced type. Most of the percentagesare based on 60

responses {20 listenersx 3 vowels), but those of (dz), (d3z) and (w) are
based on 40, 20 and 20 responses respectively.

. - S i

Jp‘t k btd gis[hi(dz)(dg,) r (w)’jtm n!Total
Initial 70 |63 66|53 |75(35|76 76 (33 40|13 40 (35|70 | 15| 52
Transitional | 30 | 10 | 12 | 38 2 2 31384312535 ’ 55 2140 | 45 24
I L 1 i
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Table II : Vomel intelligibility percentages. Conditions are the same as in Table I,
except that correct identifications of CV syllobles are scored for vowels. Note that
there is no significant difference (P>>0.05) between the two kinds of syllables.

pltlkib|d|g s | h|dz(d3) r [(w)j|m|n | Total

Initial 100 | 92 100 | 75 196 | 98 {96 |95 80 195 |92 65|63 |88 |78 | 88
Transitional (100 { 77 | 93 | 96 | 91 100 | 93 | 95 | 93 100 | 98 {100 | 81 {100 | 90 | 93

Table III : Confusion matrix for vowels. The horizontal rows show fre-
quencies of various vowel judgements made for each of the stimulus
vowels. Results for “initial” and “transitional” syllables are mixed in
this matrix by combining their respective figures in each cell.

: Response
i a i u [S lf t Om1551on1 Total
e i _—
a2 | 527 14 1 14 4 | 560
|
2 i i 1 274 41 2 1 I 320
i H |
g u | 1 38 1 10 2 | 400
& | e | 5 6 | 149 160
|
o | 39 120 1 { 160
Tol | 528 & 260 | 48 153 | 145 8 1600
! I i

FEESED SN0, BENOMIGEZE 3% i confusion matrix DL TRT, i
& % & [ul, [a], [e], [il, [o] DIRITILL T3, [E[o] DMICIZEEESS b,
bhAaaInS EfD(u], [al, [eloMic b BEENsH S, UL [ul, [a], [e] =M
BT S0,
4.1.3 HEOTMHEMEECE > L, B XROEMTHERTED THEIC,HS »
TWADLIThHA, HERCCNZRLU, VEOBHZEEIEZILHDPSEH Lok b0
DB B, ZOBEMEBBEMEEI IS LIEIRLALTH S,

Table IV : Consonant intelligibility percentages. Conditions are the same as in Table
I except that this test of intelligibilites is only concerned with the correct iden-
tification of consonants. There is almost no difference between Tables I and III.

'plt|k b dEg s | h |dz)|d3) r (W) j |m | n |Total

Transitional

\
|

Initial !87 63 66 66 |75/35,60 80|33 40 1340|7280 |23 | 57
%30 10,1238 2| 312138 43|25 35|55 | 2|40|45 | 24

4.2 FEE
4. 1DFEROBEQTHEN o T ERUTH T X 7S ORISR 2 Biad U Tls LB H
%, 32Ty 37 9 L ORGDE & - THEIRR 2R, BOIFRCRY, BF
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Table V : Durations of the sounds in milli seconds. These measurements are
based on the lengths of the Sonagram patterns. Buzzbars in the patterns
of voiced consonants are omitted from the measurements.

Sounds ] p 1 t |k ‘ b ! d|gl|s|h @y

36
3

Durations

29 | 63 }42 '55 54 112 | 84 | 81 | 90

N. of sample 3 ‘ 3,3/ 33/ 3)3]2 1

. I
1 ul el o

r(w)}j mln}a

59 1 99
3] 1

131 | 47 | 47 |126

]
140 141i147 140
3| 8| 3|14

8 9’4 5

DGR PR, BHESZOMOTEL VEOORERI L bR TWVEC ETH 5,
I DICRRIEIR R SIS, R, WUEEN TORPIMNEMICL2 LEZ SN T3P,
F70, BHAFHIERICS O T, [t & k] OfBICkEREOZESFAIhTH 2, &
BT & o TR SIS T, b EOBMOEN S OBETHENS OO TIX L0
PE—IBEALN DG, FEICDNT, HEERHE & THEDROIINMEBEZ KD Ta 2 &,
VEDE, BIOETZREN 0=-0.25, p=0.09 &7 ) COEBAREEINS, BEH
FHBIESTTRESE L, METEOZODE, VI ETH L Z0FBIMEE, Uk
ﬁgf%wﬁﬁ%ﬁ%ﬁbfﬁ~mctm;5®f%of,ﬁﬁ%ﬁ@%mhwfmaw
S OB UEMEIC & o TR 2 TIBE DZAT D0 T, Stevens™ i3 AELEEE OB %20
~500ms (225 LU E T A, i, 1, fu, U B3R EAEEBEINLZOOIRKELT, [
/A, af ZFEERT 5 EMEL TS, KRBT [, [ol DTMEMETLTHY, &
R & DEY, EFEOZELE, SHBEHIhLETS 20,
WITHFEHEOMBETH 505, A2 bayJ ACBT, buzz bar &IFEN % C
DEFIE, FEBTORE LRI 2LED S, LM LEFOETICL ST, ZOEIEKAS
CEILL, BORBEBES PRI TOEOT, TEOBMCBENLSTHY TR EEE
BitEribohsn, BRTEORANLOTFHI 223 LOBRLH20, AEBRTRTE
WO OFENCH 1o T, EREE DRI — 103850 % ~%59 % 12D, buzz bar %
FERSREEIIC AN o T, LI his T, Y E D EFEIIZ buzz bar 1217 BRI & 40
WWEATOAR, RUT, RINCEITLIRDTH 50, CORPHET 57 DITPiEER
2ot

BETED buzz bar 121 2 UKL TIEEGAER 2175 723, 2 OFIEMEBR L30T, T
BTIRIES6%, U b Z DRSS EE FENOREOHMIZA S Tl ol T
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D RAE® b FRE k558 % D~ Ti» %, Haskins F5¢F7D Pattern Playback i X 3 &%
FHA & REROERA & Tid buzz bar 1 A FIEMNFH Y OEAITEZ 5 DTN,
REBRTIET — T 2EEIYR LD T, COMBICONTEATALD, 7F—T2E

ECER U THERPIES R L JICEBTNE S Y » 7V BERRAEEAZVL, V37T
LT HE OV ZIZR S NI, RITKIBIC L 2 A7 b T o DELTH B0, Rb/HI0Y)

FTHISmsTh 2005, BADER S FARBERTOBFRIE»THA S, L LES

DEMEBOIL D Z D b DB FHEOHENFH I 22T EELLNBREHHDTY,

U ORI C DR TRICBRINQIL SN THA S,

Ahmend 5% CVC O % ¢ DHEFERH O, FHEOVEDOELZHEELL, 21
K EEORBMIZER 2B UL Y, $hllonh T 2EB2 AL, MEERZT-.
T OFER, FEOMBRED 5 LREFFIGEVED DT, ML EHYDEG LD L, FEDM
BICAE R ERZ L DELBATOS L E, I5IT, COEAIBAET, BEEZTE IR
WZEnE, REBREEENOBEREZHLTHE, COBVENDOFRKE LTiZ, Gate
FEC & o TFHEOIULE VISR E YHIN T 28E, BROBESIRIBRLL TS
DU T, KEBRTO IBIITHESSEHLNTOAEEIE, ZhIECREEEE ILE
L TREDBEAZ LN, EHOTHED L FEORTOTHRENRKD SN, DL
ISRIEARRSIL LY OBWFOTHERLZ L CET SR HRNEBLONS, SHILIDFE
BCIIBREN AT, T E2OAFEL T 5728 EHMRERDOFECH /2 ) FESH
%,

M EDEFHEHISURIC L3 HUOWEROARKR TH 5 &BALONB. UL b ZOFM
URDORFEEIIT bSO O T YO THE 2R, C &k, URNaBIcEHE il
L2HBZ250E0A L5 AKEVSTE, &b E—DD sequence iITEFTN T
URIE2BKTH B S, RoFEEL» LB LWRITX o T, HEERE2EKT 2
B RS RGRE & 75 A FEA pitch, 48, BEEMHLMOZREEM S EEHilicE#T 5T
VBEDITHS. Lbl, BABIHMOMET25Th, nFBEOL I, b
H DBBLENTE B0 5, CORUAMNERIZE > THENBERETHS EEALNS,

4.2 SyEIER ORI

HEOEIGRICE N TA LN 5 R, FAEOHENNE BRIOFTHD 25 L
WEBRRZ54250TH5, ATV F 277X 550, BEBELCS ULEH
M o2 bR b LI LT, REBICR S N BIEOSH 23l A 5, 5 6 BTG O
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Table VI : Confusion matrix comparing consonants in the two kinds of segmented syllables.
Horizontal rows show the frequencies of various consonant judgements made for each of
the stimulus consonants. For each cell, upper left-hand figures refer to “initial syllable”
responses and lower right-hand figures to “transitional syllable” responses. Bold face figues
in the diagonal show frequencies of correct judgements.

Response
pi{t| kb |d|{g}]s|h]|dzdm] r (w)} jim ! n}F I ts | tf }Omissions] Total
52 | 2 ) T 2 1 60
P | 18 1} 11 1 3 1 25 60
¢ 638 |1 2 2 i 60
25 6 3 3 1 11 iy o1 9 60
K 1 40 |1 4 1 2 11 3 60
220 6 71 2 1 1 2 1 1 17 60
ENE 40 5 1 2 2 60
8 1| 23 1 3 i 4 1 18 60
g 1 8 45 1 5 60
8 1| 6 9 1 1 1 2 2 29 60
9 |2 11 |7 21 3 2 £ 60
g 2 24 1 2] 1 1 3 1 4 21 60
) 46 |3 |2 1|2 |1 1 60
g3 21 1 7 31 60
ERRN L 1 1 48 - 4 60
2 15 62 12 : 3 2313 2 3 5 * 4060
= 1
RERICO] B 4 1 17 3 5 40
d 1 8 1 8 |2 20
d3) 1 5 13 1 20
76 3 8 18 | 6 60
T 20 15 11 o1 21 1 4 4 | 60
1 2 2 |8 4 11 2 20
S0 I 1| 4 11 3 20
. t 43 13 |2 1 60
J 3 120 1 11 6. 1 2 10 1 7 - 6 60
- 48 11 1 60
mIog 23 240 2 5 60
1 2 1 42 14 60
n 6 12, 1 2 5 6 | 27 1 60
FError B9 |13 |15 % (5 (13 |4 16 |3 | |18 { t BT 123 15 |7 |1 | 2
Total | 84 46/ 39 114 34‘ 711 2 2 5! 10 10, 10} 23 32 140

* Error totals are the sums of numbers in the column without the number on the diagonal.

FHEHE 2T O confusion matrix OFT R DT, HMOFHKIEE, oD
keI NHER2EDT, HOT2IA C &l T, ZLREMZTHLUAZ 3 BT
Wi 2H 5 CEWTES, & cell HOLELORMFIINVEDE, HTOREBTH
DRIGDFER #EDT. ZIAUTE2EUFEORBENMEINTL 3,

4.2.1 Ip, b, k, g (a, i, W, [t, d (a, ¢, 0)]

BELE DTSRRI A5, FERICEVIBAO burst (BZIT X 215 60T
#@ % transition I X THEEOT 5%, BEMEEOHEE burst (2T transi-
tion DA A, MAEFDHEE k], [pl, [t] DIFCE /5% aspiration DRRITHRF
¥ 5, ULhL aspiration 3MZFTH 505, BEEHDO 7 » v r MAEISHFAIN
TWADMYF 77 ACRENG, Chb—FD transion &A% 561F, LEHEHT
burst & transion O—HO, ZEOFHMH KNG Z 5N TS, BARTGIRFIZIALD
bOMRON BT T, Uknick - T—EOMAEMSHINEIN L &/ h, T Tt
WOTWEDER 7o 5 LIRENEZLNS, T EYRHCA LN BBV THREL L OB
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TTRHC 2 5N 2 FEBE ORI AT & T burst OEES 2 b3, (L2
FERZED burst 12 2% T, aspiration O4H (BEIEICIE THE5 DKL) %
PRELTS XL TRINS & @G L T, Liberman™ 1323 0 Aicid burst &
transition D, FI% aspiration 12 &7z 553 silent interval ASRECH 2 & ik,
C DR E RIfZRICL T3,

BITRC OV TAZ A K], [0dhi pl &L ELN TS, il
T B NTHSHBNIPICELIT 2 3 D LEA SN 50, [PlOBAICIIHHENE D %<,
FMEOEMS 2Bbw s, HF OB BEMSIFER NG 245, R [b] ~D con-
fusion OS5 4> bN B, transition DIE 580 FAEBMMME (locus) NREEE
HOFRFIOFH YT H™, 2N b BGRFIC L - THEI NS, [b], [d], [g] Ol
iz 0bh T 3™, Hall 5™1%, burst 35 & ¢ transition 7717 % gate [@#& T
ML, ST 5 LRI, BIGEIER 17-57c, 4513 final stop ZFIEIC LD TH %
75, /Y 5D transition 2353 M x99 <, [k, /g/ OFAMMBRETH % EH|L T3,
T b DFEFMENEL- T, BIHODIOEN, BLod], [glORGEIEFZ 87251
72&H5Th B,

4.2.2 [s (a, e, w), h (a, €, 0), dz (a, ), dg ()]

BEHE, BHEEIP (T X AHEE VBT, ZoMERNIE L, 2 OMEmN—&T
BEOHEL DI, LI THRILHMBEOARY T A, BHCARY T ADOEFE
TR, MERE, VLY OEKBOIRSE, b hEMRRTGCE N TIDY 5 2HO
IR R INT & /1,

BORCINIRHEN L2 mY, VM EIRDOTREDOE N DD 5 2 ORIl
W bEBBsN20DT, BIBOREOSINCESZE ., ] OBTE T [t & [ts] 28
BRIGEDI%% ED TS, RSB X 2 AT EY BT HlrhsDTH 5
»5, [t] D burst 1THz{ aspiration DSHITEMFH O 2SI LT ENBT S TH LD
BB, BT [sHFBEEMEE O BBEEREIZT T, kY OBIWHEIKTT 5 C
ERRTEDTH S, FROBRIZEAPEREL TS, UL, Lotz H™i [s/ DB
PRS2 T A L, T2V A /b, d, g/ BEIL CEND, EFBEOHR, MHEKEHEO
FERO—DTH 5 aspiration 23, N6 OMEMNFIREMTH2 Lo TS, 3 51T,
B U8 aspiration 2PEORIEREMREE % b oo HEACE 5T, EABEE EELN
7o EMUTVWA, Gerstman™ik [f] @0 95 & [k, [t ~OREZBD, hbZH
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DOEDFAERBESFEUTH S &% BT, EEMENETICLS #RE2LTO 3,
Denes™3 final @ [s], [2] i 20T2h 5 OfGEMZZE A 5 C 21T Lo THBMENE S
NBTE, T2bLbEI2MDAC LIk T2 ITET A% EMELTV S, 1/284D
AEEBRTIE D ORI A 5Nz,

[h] TREGBEOHEASE DN E S, BEREEHFEELNEOT, URMEFLTO
56, BED7 » vv v MEESEFAE LN S, LU OEOEFOHEIL transition
LiEo T, ZOMRMZEL TELIEY, Uikdico TR—EHHTHEHES T 2 AFER
T, BEOHEIZLASHBEICZ 2, T EIVROTHRENE DR IDL SIH
e oh s, BAFTE KAORERBETD, COAHDOEE2RFICHS &, 17
Zho]l DA TH B, Chd[o]DFE—, BT 2 v v MNEH I BEFHOMH I L7
M, DEC X AWBEMSINA SR clp A 5N, Liberman &3 48 % OMEET
TR burst @ location BEERFICI T, ZLT 2 & R2RITVS, Zh
Wk s &, burst REBFREOE 7 » vvr FRIZEDOLIKH B5A, [kKlicHC A,
0, HBERER [of fof [uf DL X COBEANBELNE REL TV, [h(0)]-[k]
DR N EHET S,

[dz] 3B O TREICEREED /2O ORIEROE Y Th 503, MEFE 6 [d] ~D RS
FELO, [¥], [Z1idldz] ERZbINZBEEETH A0 5L BALNED, BIIHTIE
[dz] OEEEESMNETH 505, HHRO [s1-[t] DR OMEBEZEAL SN 5, [d3] Tk
B D 12 OIS~ D SREEASZE L,

4.2.3 [r (a i, W], [w @I [j (a u, 0)]

Dy 5 ADEHEICHET A2 PRI MOFT I TA /2w, Liberman 59T Jhug,
transition OEERENC &, locus 135 5 HAFERE L, WEE &0, locus & tran-
sition @ start OENCEEM DN &, B, =7 » v v bO transition § FHf
YOBEBEL TS EBRNTNS, [l 1> TaIUIT EDETIX [bl, [m] ~ORH
MEV, BEIICH S & [ral DBFRT0%H [m] T, [ri], [ru]liczs &, 60%, 65775 [b]
ThbH VFrIARRBE, [r@]iX lecus ~NOEFN BImIT R, @500
transition 23§ DI LT, [r(, W] TREFESEEAERLNT, BAEBEZTICL:
2ox =Ry, [r@]RPUARZIUED., Ukdo TIREYBHTE T, lecus 253
EUTERNT [m] ZEHN, [r G W] 0EAIX transition DN Kbz izdig,
transition OEEOEHIBEZF~ORERL b b L EBAONS, BIGRHT S HRKC
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DEADORENRZ O,

4.2.3 [w @] [j (a u, 0)]

[wl, [jl >\ Tid Liberman 2 3 transition O FREBEE % —EICEH N5,
transition OEE2E L T4 &1 £ T, _LX transition Tix [be]-[we]—=[ue],
T E TR [gel - [jel—lie] &RBMMBEGT A &% RIBLTWA, HATETIR ChITE
PFAEM S 2L, [wal 120 Tix g T sz, [ B E O BEED, B 28U
transition RSN D THAITbH b 6T, WL EVEO THENED, BABETE
[t, b, r, n] FEABEIEDHTG L —EDB@MAA SNz,

4.2.4 [m (a, i, w], [n (a, i, W]

REGRBELBICL ST, b0s 7 20 5BHMo 6N, 77 AN TREAETKOERS
transition {ZEDN T3 EEHON TN 3™,

[m], [n] WU TE6FICHE L C &iF, Y EDET, [m], [n] &b [m] i@
2OB% L, Ml Bchie> L, b5 [m], [n] 0D EVA S, BITHTHE,
RIS ENT [b] BE L 55T %, Malecot™id ERICFAE SN BEEH [m, 0, 9
@107 —TOBEHETER2YOEL, MAEREREALILELH, &HE L mIBHEDL
NEEREL TS, DT Eh 5, 143 EREEIIES) 13 RF ORI class marker T
728, RSWEHROTFH TS TS RTINS, CHUIAREBRTY D EFO[m]
IROERICEET 5.

Haskins A" Tk [m], [bl, [p] e, F# [n], [d], [t] DR transition
o@EtEsH H, ChEBTEOBMMIIC L2 L LT3 H, FEBRCEO TIm]OBT
BCORME [b], [PlcEFL T30 bAKEL NS, [l 0BEw, [d], [t &
hd, AoTlbl [PIBEL, COBZTEITXE S0,

5. #

FATRE0M (p, & k by d, g s b, dz ds, 1§, w, my 0] 285, ChbE
3% | HONEOMA 3N bD) 2HRE LT, ANENORES —TICEENTH
PFER LIRS, POBORSENOL20ETHILT, “HOTES L OBED
W 5, FEOIEDRAREDUN L, CIICHRET 3 BEOBLEOTI 2 A L

5 BRSNS 2] 0 & XITiE transition AN LA ERS LW,
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THUGENRARLT, LY EHELEE, L) EHOURS M RROTE L BE
OE LIl %, BITEMEGMHUT 2, L LOBRBEFRINLFTHLOREL, Th
SIMFFOALEMITONT, THRERB 2T o oKD C &ML T I,

1, RSB, SR, BAOMEL B TREZRDL (1890%), WEON
WHEFEE 2O,

2, SEISNITFEOTREL, BECE-s SROM, LY BHIBTR L b TR
DEL, KBESGOFHFCONT, MEOEIEETH 5.
. TEBOTMRE 2T 5 &, TEOMKGERME TREOMIIMEBENZ W,
Z0fl, SFESNEZFEDOHED confusion matrix &, VF 7T AITL D DI
ETNT, fx DFEORMAERFBIFED MBS 5k,

il
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Figure 1 : Broad band sound spectrogram showing the segmentation of syllables.
In each spectrogram, cutting lines for the magnetic tape are indicated as dotted
lines ‘m’ and ‘n’, which respectively bisect the recorded consonant segment ‘bo’
and the vowel segment ‘oc’. The initial half of the consonant segment ‘bm’ was’
recombined with the latter half of the vowel segment ‘nc’ to make a stimulus
syllable named “initial syllable”. The residual portion ‘mn’ is then another
stimulus syllable named “transitional syllable”.

Lol

Figure 2 : Broad band spectrograms for the “initial syllables” and “transitional
syllables”. Each vertical pair of syllables was derived from one syllable
indicated in the middle row.

[pa] [ta] [ka] [bu] [da] [ga] [se] [ha] [dza] [d3i] [ra] [wa] [jo] [ma] [na]
=4 o X 1z »oH 1 EV 5 D & SN

0 100 200 msec
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Figure 3 : Broad band sound spectrograms of Japanese syllables.

KC

[pa] [pi] [pu] [ta] [te] [to] [ka] [ki] [ku]  [sa] s [su]
g o kT & & < X v El

S N oA~ O

[ba] [bi] [bu] [da] [de] [do] [ga] [gi] [gul [dza] ~ [d3i] [dzu]
o o ox 1T & »o¥ < ¥ v K

[ri] [ru} [ma] [mi] [mu]

h l Ed & &

[ja] [jul [jol [wa] [na] [ni] [nu]
i L] X o A Iz Al
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