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1. [FLC®HIC

—RIZ, BOMENRL, HIZA->TL 2 FOWEFME L 3L DR Bl L T
5. ZOTEEOTE 72 b O MNEEEE (auditory illusion) & FEIZILS (Bregman, 1990; 1%, 2010;
FA%F, 2012; Warren, 2008; V=7 %A A U 22— 3 > 7 4 —F A http://www.kecl.ntt.co.jp/
IlusionForum/index.html) . $EREITHL 22 DAF WA O = T —TiIAe <, HF OBREL TEYIZ A
BT 5 ECHRAREISHEREFF-> TWVWD I ENZWV. SEREORMEZ RIS O+ 5 2
LIZE o T, HRERUHEOFHEAZHEN T 52 N TED. £, EHEICKIT 25 0WE
Rerk & FniE R E O BE I, BISEI ORI E 5 F MEAEDENL, MERMAOEZTE
DI EN L DD ERFET 2 ETHM RGBT RS,

ARG TIL, FRIZEF R (speech perception) (2RO 288 2 ¥ 4 7HY LIF, &2 h
HRZTL BWPERLELD A D =X LIZHOWTiwm U D, 1 DL, F8ESOHICH )
MO LT IEORIENENNT IND HTHIEE (perceptual restoration) |, 2 2D, [Fl—
DENZ—UPREETRIND EMBENEN KR A EET D [Z2FAMKE (multistable
perception) ] THDH. ZDHH, $EEAZFIH L THERMITOMN A I =X LNZiE HHFED—
Bl LT, ZRMMTICED D MIEENZ ST LIcFx O EEZRBNT 5. LT, EFH
O RAFEIRIZHONT, WH - BEER R PRI S b E WO BLRNDBET 5.

2. MBEHEE

BEHEMREIEEGFEFOLHICH L TELIZEHETH D, Froslknibl-nt HEHE)
SN DITHMESH, PR OREETTOREFENENMEIBND. 20X 5 2
&1 (perceptual restoration) (ZIIERA 2 b DN H DD, T OMREH N FFEIEWE (phonemic
restoration) CT& 5 (Warren, 1970). £, XELHA A LT L028E L, TOENS 100
~200 ms FEEE DA Z L ICHEF ZHIFR L THREFICT S (K la). 29795 &, HEalNEDIHE
FICHEEmDIC< <22, WIS, EFEHIBRLIZBOICHE AT L (K 1b). MEDH
BEAEITEFR LD IR, BEVIVVEEFREIDV &S TS, 29758, MEoHik
T, HIRSNTIZTOBEFENMEEIN, WO ORPSTHIZD. HERDA DD
NA D, [ CLREREOEFEFDBHIFRS N2 LIZED 0 IE20 ), B2 2 5 I3BE0ICES .
MHEEDNFEASND &, HICHEOLICH Z 257500 T2, BEARDPE I 0T <72 5.
HREEONIRITEIN T, REREHETTIE, EOEEBPRELTNDLONONLRNIE
EThsn. £, TRBITEFEDHIBRSN TS ] EWVWIFEEZH->TNTSH, ZOHEE
PHIEG 2 Z LixTE v, EMIICRER S 2 HER+ 20Tz, BHIZ THZ 2T
LEH] OTHD.
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K 1: BEREE a EIRILF—IIDNTRETTIEVWSEEEFEZ—EBBCEICHIR(ESTE
BILFL0D. TR LEOBSEBROBSICHEZHALIZLO. MahLE KL, EE IR, B
ECAFIRIILF—DNKRENEESERT.

HTREENECD2DOFENEML, 0L 2 TEXE, THFEHIR LZED A
THHEETN, KEOFTFENREZIZhoTL LTHHo~vAF 732 (RmTEiel T2,
BRT) ZEMNTELRMEZMATND] ENWHZETHD. Ik [wAX 2 7 AREHED
BRI Lo BREOBIT, THES ORBEEBHREIZE R LY IR, FEEV-VUVEEF LY
b 5] LIRAREZDIE, MERSFETAX LS TEL L) RN A2H-E57-0T
HD. BOENHETIE, SHENHIREN TS EERRMSNRTNIELNOTHD.
L7edo T, BFLMEEORICHRMTE 2 L5 REHNX v v 70 H 556101F, SHFE
Wixhrons.

MECRINEIFNEICEHZIZDEWHIDIE, —RUFAIZEDNS S LivZewn. L
NLZHNEETZEHTHD. HOANDFEHEEZENTND & X, MOANBNRELEE LT
O, RT7TENRZLEADIZD LT, BERO—ERYAXF L 73N EIFRFEI<HD.
BFREBET, Z0I)WEFOLZVERETLE L TEFREZM IS ETRWIHENL - T
W5, ML, SAXFU T ENTEHMNCARRED LI REFENH > T2 HO 0 TOFH (K
M) &, TORIMGOERIO BEIMNICART S, LrL, ZOEHSICYAF L I TEhH X
DMMEE LT IUE, TEZIWZITERENR] WO ARIIICRL5DT, [Z250nHHE
PRSI &0 FRITEHESND. LR THERBEIZECRV. 2T bE
WRMERDIX, FRFEL TV DIERENOETYAF U I ENTHELE T TH- T,



HEHLEUNTWEEFEZMET HHLEIR. 08, TRENZAREERH D & &2
HET 5] VI~V AXF U T AREMOERNT & DD CTEIZHE > T\ 5.

Ho—m, BREEOEELRRRIL, FROMTE DO DOFENFENS, HDHRELW
REFIELPRIC L T D &) 2 Th D, BHHIBRORMES, ZORi%kOEEEF%
RARHNCBRAE L2 EZBRIC XL D &, HiE 7= CIIS 5 RICBT 2 E WA 200~300 ms £ D
MHPHIC, BEEROBRPEET LI THOBRLTEBY, TNOLOEREKET DI LI
Ko THERBENFEBEINTWD (A, 1992).

3. ZERHIE

B ORI L IR L OTFELZMFEITRTERE LT, WENIIER—OFOMI 2 H
DIRBNZ L > TEATDENI DT IV —DLORHD. Thae —fFNICEHROMT
(multistable perception) & W95 . HEOEFLZEG LT bOEM & &, HEOMITHITE
STRROTEHEFNENMTEIND LV BRI G AVERTIZZON T Y —
HTXx5., 22T, RF— @ﬁh%ﬁ@TékﬂEWﬁﬂkhkhﬁboTP<kwoﬁ
REMBNT D, £, FOHEGELZHETD. FIE [T LOPROTEFT L. &
2, ThEUNARSKERETS. T5&, [RFF] OTR, [FuX) ko,
[NF ) 1272720, EBITE 2 AOFITHMPNTZY, MR ERAEHI 2 T&z L
STZBEAIE, NZEXoTHHIFEA THHIN, £ O%E, BT Xm0 bk
BTx5. ZILOBREIIIEAZRD D LIZ, MRENDIARLNATZT 4 IZEL AL W
i, DB OM I 2 N REIZEND LW Ab WD, ZOBGAKRITE DA
HILTWT, IEHGEZIZ 2R (verbal transformation; VT) & FE{EAL TV % (Warren & Gregory,
1958).

BWRETH, Fl—0ORZ—2 & ERERRT TN LN D00 R TN b b %5%
BIFREDOBRNEFEA LN TWD. VT 1L, b tmabHESbH D, [N %
KiE+T2HE, T3, TFF]), &6 T [IRFFR) REEFEOELEEY HIC
%%ﬁﬁ?%é ZOEIBREFMEOTNEH LR T—DERATHRET 5 L0 ) EE

TIHRREOHF & LB TH L0, HWREOBINZERH) 7232 — L OFFRICED L (B1Z &5
Nﬁ*/T%OT%ﬁWW%L%ﬁkﬁW)%@Tﬁé@’ﬂl/VT@ﬁiﬁﬁ%@ﬂﬁ

B BRNAEHTH D, REEIZIE, VI TR INANEITHICTTORFIZE £
NDOEROMBBEZIZT TR, bEbeFERTHRWER (InT) e [T 72
E) BEIZ25Z2&bB L 2. BELHEIBMDOERICE, ERL CRFINT-EFRE S
#, HTH, HERLOFELEVICKULMMSEIOT e R L, SIS F— %
BNICE X OGN EREN R = EIRAET A7 a A LN AR R THDLN, VT I, b
DT ANPFFHREANTHERICH LU THEBI L2 b D B2 52N TE 5. HFERET
b, BENAHEBECTH 720 HOF THESINLZY THIE, FHFICEETNHERBA 5
?%—®%ﬁ’%béﬂ@w:&ﬁ%5.%5w5%ﬁ,@@@%ﬁﬁfﬂﬁmgj%m
ToOTHETHDOTHD.



4. EREZEAHTHERY FT—D

PENEIE, AMRIEMOHEOMAN A = X L% RIT 2 ECEHERFERRE 25, SR
Ao TIHOIZEFH PN BHICRE L, FHFMEREOMISE 2815375 2 L BN Tbh
LHE ootz LoL, TEMREOLO] ICRHST 2 MIEEI 2 2 5 01 813 LTI
RN, EFESACH L THREP D, SFESBICHLTHMREQNRAELLLELED
EFEETALBEEHRL CWAROMEENENZENX, Y 2o/ LT, ZIULEF
R OMBRE (A,B) ZKMLLZbO0, ZhE LMEAE (P,Q) ZKMLLH DX
BITER. —FF, MRAEEO LI, MEMICRRLER A L ATIIIMEP B4AL,
HABEBTIHARE QMNAELDEX, BIERINIMEHNER A L AICHLTUTX, &
BB & BIZH LTILY Thivx, ZoOMEEIImENE P, Q) ZXKMLIELDTHDHA]
REMERE. Ez, ZEMMTO X DI, R—OFF AL THRER P 1D PP~EZE(L
T 556, BMEENZNICE->TX, X EZELT 52 51F, T OMMEENIMERE TIE72 <
MENEZKB LSO THDARENREV. SF Y, ST T 2B & MmENA
DOAEHEL, FREOIAICEE T D IEE 2R ET D ECHELRFRND LRDHDTHD.

ZZTE, VT 2#%#M E LT, IMRI IZ X D EERERHII 21T - 7o Tk~ ORFZE BN T2
(Kondo & Kashino, 2007; Kashino & Kondo, 2012). FEE T, F—0HZE (/315 )) %&4)
NERLSKERRL, MRARNPELEZE WV IBEREOHRSE (RZ ML) RS LE
MiEBN 2 B L7z, ZOREE, MNO WL SO CTHERIEBZ(LBNBO bz (R
Z LI D BB X EY RV CTh D) (K2).

HHLERY REHEE

-

KEMEEZ(Cd)

ETHIBERE(IFC)
(FO—Hh%EE)

BISERTEF(PFC)

JINB
(Cb)

o o, OKTHE
L. B ED 5 OEE (mm)
T value

2: BEiRERI(E) EREBEEEFEHR) ICHTIMERIBICRBALMER (FEH 12 ). T
value WREWEE, ZOMUDOMERBEICHSIESEINBEELIELEETT.



F9, FURONMIEIRGAE (MGB), ZE#%MERE (PIC), HEE (AC) Zfisxy hY
— 7%, Wi R OZ /M E RS L LZBI%EB (Kondo & Kashino, 2009) & i@ i
EEILCTHY, BERMAEDO I L— U ZIZBELTWAZ ERRBR I,

VT OEBROIZTIFEN RO 72 b 0IlZ, £ TRIBEEE (IFC), RIgEATE (PFC), RiIHHr
WEE (ACC), KEMEEZEORRE (Cd) BdHo7-. ZdHH, IFC OIFENZEL & IXFER
HZEOMRERZBROKE L EOMBEMR O, —J7, ACC OIREIZE(LEITMERZBEOM
FEEAOMBENAONT. MmREElIZE 5T, IFC BT 7k, ACC N7 L —FD&E %
RELTEY, IREBROMHEIINE DTV ATRESL LS THD. IFC 1T b b7
— NEECA Y L, FRCAEFIHISH S EICEMR T AEETHLH DD T, MR DOERIZH
BFEHO 7o 2ARNHET 5LV [EFMEOEE M (Liberman, et al,, 1967) & B0
PEAS . F T OALERERE & L CROE A D STV A T ZERE 7 /L | (Hickok & Poeppel,
2007; Specht, 2014) Ti%, TEEE 26 LRIEHE, - TRIZHEIZ 28 T IFC =MAHEICE
ZREMRR T B R 2 =] 0, R B O L SRTEMIBREE A & 1 C AL E B AT EF, /£ IFC #
N E D IR TS W DIEBE R~ O LB EF D E S D, VT TRLNIES)
X, ZOWMRELE LHAL, THEARA~OEEROMEEZREL TN,

EHIZ, VI OMRAZICFES LT Cd & MGB 2#Eh L TRV, W&OEENEDMRSIX
MR AROHEENE N NEERNC & bbhroTz. CdIXHKESB O X 2 7 HlH, ik
IR WEER R & — )L OB ME 7 R G O LV 72 EICRI BT A5 Z E b TV B (Zatorre,
etal,2007). ZDF vy hT—271%, FHEORFREMSENICES LTV D aREERS 5.

UUbED X 51T, VT ITBIT 2R OAR &BPIUTIE, BMAICIAEIZ L 720 < D 0f
MafSsty hT—7 B LTWD Z ERRIT.

BEEMNEDLERE

BFRARPMNTED X HIZEBINTWDENEE 25 ETRET Tl WREEICIRR
DEIREDONRHD. (DEFFEF SNTHFEE G, W L CHER 22 53R AL (F
FIp L) ~EGFEILEND D), QERRELTEHER L, BEROK L REBEK DR EL
ST TEEEESZL L VNICSENRMAE S EIND D, QPETCBEREELRE, Hx
IR KRB RN KT LT, WNTHEEER IR 2 EBL T 57, 2o o8I LT, S
DRI OIS RER T O EE 22 e v 3G HND.

HMEAER, ZRNMEOmRE &b, SHFARSED CTREIN/AL YA THL L%
MiE->Tno. HIZANSINDEEEZIIRENEICE L TEEREHRE G525 LI1TRG
NN, B LHRREORHIFEPEIC oM LI REARAE T 522 LI Ko TRE LM N ES
STV, BESGHE T, A SNIHERITEEN2LOICERLT, HEHEOBGED
LRI L O, XOBIRER, TOHORIRE, SHRERNEGEEND 5.

REENRY 7R LB 2 B3 5 — DDA 11 7e kil Zx L, THIFF 51k (predictive coding) &9 %
AT ThHD. ERBIEZONDERE, MNICEZONTZHHEN G, BIEARICET S
TR (G BERIND. TOTHR, ANMINTL 2EEEREREG S, FE (7



WRAZE) D7 T AU TR R E LTRASNS. & HREL ETRREN KX T,
ZEOTHHFEAZN, BOTRNERIND. ZOXI7 by T X7 OTFHERFLT
v T ORRFEER E OMRAEPWLNN, BEHIICITOILD &) B, sEE T CH, HH
ROk % 7ol Z 5> E<HHAT L2 LN TE D.

TRO—EIL, FAFTEBHONHET ALDERINDAIRERH L. Z0EF 2O
(TIEB G & LRI R STV D, S AARBEmARV TS, TERE
ETMCRIT HEMREOEE L, FTHFMRICNKEAR LD THDIN0ED, REND DT
2. ZROORICEALTEAHEDICHRHBRLETHA D, —DORHREMELE LT, &
BENLILLTNDIEE, EBRPLDOTHOERNPKEL 2D L THRTES.

BN DAL PR ELORIR A ) = X L OBKIE, T 10 FTRERICEA TS, 20D
HC, SEIEBIGUIUINROSLVER AR L TE 2L, 4% bEITHA .
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1. IC®IC
ARFHBENIHERT D UMOLER 1FHIC, EFMEERIOF L VI EL R
FToHrZERMBNTWVWD, ZOHREDOREL T, BICHEBEMBII 4 2B R
HAOZHFRERAODOM EE W) BEHRTARS, BEFZEiE LTS IERTH
Do LTeN-oT, AHORICBI L2 EFMENEIL., SHESICHRERIIBTOE
FRIRIEOEBEOL L TLED

FEEMERDOEGHRME S, ZOMBEREMEL R
EIOICHECHAEANICHEA/IEEL TV NEMHATEIXZTEETH D,

1970 FRE LD O OHA RO FEFMILITE T 2 R 6 % < O BLIRE
WHIRAB/LNTWD, S, BEHEAMNENDICET I2MEN N TTHLiL., b
OFEEPL, WRIFEHICIX, ZOoRECr2LLT, HRAFOFHICHET
ZIFEERTCOER (ARTIEH D) Z2HRENICHNTI2EBITEZAL, 20=2=
NP7 BRATERE DT, AR EL DI o0, BEERA O THRERICH
EINTe, KOBRAIZEWHRFEELZ RT IR ERHALNITR ST,

ZLTCEDOZ=N—H LR ARHEENORFEORELZZ T AR, ~DE
fEORE L, BREMTICEL T, A% 6 » ARk, FEMEICEL TTAE
107 ARtk ZHRIC, BEICIETFEAELZWVIERFEO FEX L OFBIEE D IFK T
T5, T72bb, BEBEOBEERERON T Y —~ORMLEE I DO ELZ EWE L,
TRAENLVEEICEAL L2 RT EELLND,

Flo, ARTFRLVAALOENVEID S, D LATFOBRMEMRERIC., i
DEMMALERZMITTCVNLIZIENALNATND, ERELY, EFRSFHEICBT
LEEOECILFEE OBEFRELZDOH TR, BFEOBEWRMN -« HiEM L
SEHMEEZRTERND ERDIIENMON TS, ZO X RBANL,
WRIZB T HHEMEEROMERESIOIE L, Hi, A, HEER EOF H ORI HEAL
DET AT —Ta i) OBF#ENEIICHEINTWD,

HOROFFMBEORELZHONICT H720IF, IR OFF A ICx 7
DHRM BN - ATTE ZfIE L L CHFIENED DT E o, R EMED R E -
ZALOE FITIE, EFLEICH T H5MREKOREE - BEROBEENE X 6N
LZlinb, BEEER, SHEESOIIEIZE W TS TSR TIIMKIEE) O & Jl il
DORBHIRESICLY | MBFHMERZSROFLVARRIGONA TV D,
ZOVIOIRRMBRERICH-TH, BRARMRICK T 2ANROITE % fHE
LR EEN, WNEE, BLE212o0 T, BIZREFORSRL AL
VI RBERTHDL, B, BT HMEIL, AR CGRRKT). WL/
MESH (RRFERT) EOLFEMRETH D,



2. WMEBRITEZHEEL LEBE-IIEBEOBEFEROBZ

LRORETHLIEEL LEMRERIZ LD, BEZOLOOME,
BebE, LR OWREE (A, ZEE, B - AT - BE. BEES) L oBF
FHOLNTIERLS, RERRBRITEEZHBLI2DORMELZRET L2 LNREET
b2, M1lo, WETBRBE->THLET (AR) $TORBITHOEKD
%ﬁé%ﬁ—\“a‘o it H | “'Wﬂ"‘“’r*” 1) WMMMMU‘M

W% 5 I & R IR KR A% 28

.~ . e .

CHE L, U XS H AR ES il e
AL TS, = o Ml b A
YR IR K A A AT EL T el WUt —
D DFED WX DB R Aol el
ﬁi;ﬁﬁzéi;$ﬁ<\ 0 1 2 1
ZOBGITMoOERBEICIXA

— TR T TEmAT1T A 11
T e aa L e e e
1T . FaIa=kh— MMWMMMMHAMWMMMMWMWUW #UMMMWMW v

gy b, IERICHEBEE W, il

X 1. 1% 23 BOHIRE O

B2, BiE (HAE) &IHEHE

($FE) 1% T 5 W E o ZE AL

CER) &R, 0 Eod
EPHAFE: J (KFE:E) &M 5 4

PR B R D RO 1

S ORI E N — 2T (L
L. 10O WREEED 25% LL I,

2 [l HE L CBLI S L7 B AL & A
L. AR A HEE E (A
J) WD B, BARRENG K
(] >E)., #zEN»HHAKE (E— o L
T) & b I B T R [ K J o BE

ERABZ BN, LIRSS RO E:

B & RR L. o B LTH 0 L L

BHEE - TV B, 5 VILREEIC "

HAaEEZBRD D2 ONH 5O TIiX

RO LiERSh B, 2. REEE - RO BT X B R
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3. BEMEICBITAERILE
D FRE

4 3 0%, BN B RN 2otk
FTEBICEL s THFINTEH
RKIEHERFOFE 1AL~ M.,
WoAh~r bOEHE RS
fizrmT < AmbNTHTH
% (T#HE., 1990), HAFITIE
FEHEEEZHE->TWVWDEHOD
MNEBNER->TWVWD, KL<
NEWKB O —f BRI, BHE
MET VTS X EFENLE
FTORS, L FERICHLH
T2,

HEARB MR, A~ AR
BITEZR->TH, FA—ORE &
LTHELTWSD ZOHRIT,
HEMEOEEME, HDHWVILHE
BEEOERLEFFER, &
HIZE - TEHIEFICEETH D,

ZOEHRILEIICHONWT, %
RBARORFEMRIZONVTS
RSN TR BRI AR o0 it B 23 E
LTWAMNIZHOWT, BEMR
BAE» BB L,

BREE TN B RN
FELZBOLLHGEEDOARREF
TN BERDIENT A —F %
&L L THW (Fujisaki,1968) .
F1. F2 J& ¥ ¥ 2 ke 10 1 2 b & &,
lol> B lal ~HER T S lo—alk %] 11
T e ulhblel~#ERBT H/u—el%
118 5D 2 RN ThHhbH, £z, %
FRANT K LT, 2 FEEE O FE AR JE B
100Hz,220Hz # 8% & L7z (4),

Second Formant(KHz)

3.0 101 @ Lo s

2.0

DNy

O 1 | 1 1 1
0 02 04 06 08 1.0 12

First Formant(KHz)
3. RABM -, FELORBFERS
BT 5 F1,F2 O &

2500
F2/3 513
F2=1000+1000n Hz
(n=1-13) Je/

2000
N
=
—
=
[i+]

1500
E 511
o falf
o]
< S1
S1000 f
v
[V2) F1=350+50n Hz

S1 (n=1-11)
Jo/ F2=1.1*F1+350 Hz
500 E 1 ] 1 |
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First Formant (Hz)
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4. AR TBT 5 EHIeE

AN TANS THAETOAR LA EZGRIT, AR EZXNRE LI EHH
HROFHEELTELEHEIN TV D head-turn EZE H W T, Jo—alzZ eIz D0
TREEBIC BT 2 BB LGN 20~ 7,
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RAEHwK D M < & (head-turn)., ¥ X O background BB IC IZHR Y 17 2> 72 W X
JoZz, ETIETHMMEE L > THRICEEGEIE S, Z D head-turn IS D
R 1xoflEE (F23REty M) ORHEBORELE T2 HIETH D,
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turn SIS EEAN U | H R JE % Bk O T=y— AE—H
mR BN~ N A DRE RS
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1 Introduction

In daily conversations, speakers often produce speech in a casual manner. Casual speech, also referred to
as spontaneous or conversational speech, contains a high degree of variation as compared to more careful
speech styles (Ernestus and Warner, 2011). One important aspect of casual speech leading to this high vari-
ability is phonetic reduction, resulting in words being pronounced with fewer segments, shorter durations,
and assimilation. For example, yesterday pronounced carefully could be something like /jesto~der/ but in
casual speech it could be pronounced [jefe1] (Tucker, 2007). Reduced pronunciation variants has been stud-
ied cross-linguistically with evidence being reported in American English (e.g., Johnson, 2004; Warner and
Tucker, 2011), Dutch (e.g., Ernestus et al., 2002), French (e.g., Brand and Ernestus, 2015), Finnish (e.g.,
Lennes et al., 2001), German (e.g., Kohler, 1990), and Japanese (e.g., Arai et al., 2007; Maekawa, 2005).

In the present study, we use a large-scale speech corpus, the Corpus of Spontaneous Japanese (Maekawa,
2003), to examine the phonetic variability found in nasals and voiced stops and to describe how that vari-
ation and reduction occurs across speech styles in Japanese. Using the Corpus of Spontaneous Japanese,
we analyzed the duration and intensity difference of target segments across four styles of speech: academic
presentations, simulated public speech, dialogues, and read speech. The intensity difference was defined as
the difference between the minimum intensity of the target segment to the averaged maximum intensity of
surrounding segments (Tucker, 2011; Warner and Tucker, 2011). We hypothesized that we would observe
stronger reduction (more approximant-like productions), as indicated by shorter duration and smaller inten-
sity difference, as speech style becomes more casual. In other words, the shortest duration and the smallest
intensity difference would be found for nasals and voiced stops in dialogues (most casual) and the longest
duration and the largest intensity difference in read speech (least casual).

2 Methods

2.0.1 Data

We used the Corpus of Spontaneous Japanese, which contains approximately 44 hours of speech (about
half million words) from four different speech styles: academic presentations, simulated public speech,
dialogues, and read speech (Maekawa, 2003). All acoustic analysis was performed using Praat (Boersma
and Weenink, 2016) and the predefined segmental boundaries provided in the corpus.

2.0.2 Analysis

We used linear mixed-effects models with Ime4 and ImerTest packages (Bates et al., 2017; Kuznetsova et al.,
2015) in R (R Core Team, 2017) to measure whether duration and intensity difference of nasals and voiced
stops differs across speech styles, as well as to predict the relative duration and intensity difference of these
segments across speech styles. Furthermore, we also ran Bonferroni adjusted post hoc comparisons between
SpeechStyle and Phoneme using the multcomp and Ismeans packages in R (Lenth, 2017; Torsten Hothorn,
2016). The variables of interest were as follows:

* Dependent variables: LogDuration; LoglntensityDifference (A log-transformation was applied to
attenuate skewness)

¢ Main predictors: Phoneme (nasals: /m/, /n/, /N/; voiced stops /b/, /d/, /g/); SpeechStyle (AcademicP-
resentation, SimulatedPublicSpeech, Dialogue, and ReadSpeech)

* Control variables: SpeakerAge, WordDuration, and PhonemeEnvironment (Word-initial, -medial, -
final)



All the control variables were included in the models as long as the variables significantly contributed to the
fit of the model. We also included Speaker as a random intercept and SpeechStyle by Speaker as a random
slope.

3 Results & Discussion

3.1 Duration

Statistical analysis of nasal duration across speech styles, visualized in Figure 1, revealed that there is a main
effect of SpeechStyle [F(3,8)=13.3, p<0.001] and Phoneme [F(2,138229)=2829.1, p<0.001] as well as an
interaction between SpeechStyle and Phoneme [F(6,137122)=44.0, p<0.001]. Individual comparisons of
/m/ across speech styles revealed that the duration of /m/ is longer for the read speech in comparison to
simulated public speech (=-4.7, p<0.001) and academic presentations (=-5.97, p<0.001). The /m/ nasal
durations in simulated public speech are also significantly longer than in academic presentations (t=3.77,
p<0.01). The comparisons between dialogues and academic presentations, as well as dialogues and simu-
lated public speech, are not significant. We also identified that /~N/ follows a similar pattern to /m/ where the
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Figure 1: Interaction effect of Phoneme and SpeechStyle on log-duration

duration of /N/ for read speech is the longest among the other speech styles [Dialogue and ReadSpeech (z=-
3.61, p<0.01); AcademicPresentation and ReadSpeech (1=-5.56, p<0.001); SimulatedPublicSpeech and
ReadSpeech (=-3.05, p=0.05)]. We also found that the /N/ durations of simulated public speech are sig-
nificantly longer than academic presentations (#=5.24, p<0.001). The comparisons between dialogues and
academic presentations, as well as dialogues and simulated public speech, are not significant. Analyses
of /n/ revealed a different pattern from both /m/ and /~/ in which the /n/ duration for both dialogues and
read speech are longer (no significant difference between Dialogue and ReadSpeech) than simulated public
speech and academic presentations [Dialogue and SimulatedPublicSpeech (#=4.97, p<0.001); Dialogue and
AcademicPresentation (t=4.55, p<0.001); SimulatedPublicSpeech and ReadSpeech (r=-5.52, p<0.001);
AcademicPresentation and ReadSpeech (1=-5.77, p<0.001)]. The comparisons between dialogues and read
speech, as well as academic presentations and simulated public speech, are not significant. Figure 1 in-
dicates in the left panel that dialogues show the shortest durations and read speech displays the longest
durations for both /m/ and /~/, as predicted. However, simulated public speech and academic presentations
indicate no difference or an opposite relationship and does not fit with our prediction, in which simulated
public speech should have longer duration than academic presentations. A possible explanation for this
is that academic presentations are often prepared speech that are highly contentful, allowing speakers to
deliver a very dense talk faster than unprepared speech. This might be the source of the shorter durations
in academic presentations. Research has also found that the faster speech rate leads to more instances of
reduction (Brand and Ernestus, 2015). Additionally, as seen on the left side of Figure 1 in the middle panel,
/n/ shows an unexpected pattern in which there is no difference between dialogues and read speech, and
both simulated public speech and academic presentations display shorter duration than dialogues and read



speech. It is possible that there is a particular word that is common in dialogues but that does not occur in
the other speech styles causing this effect. However, further analysis is needed to explore this pattern and
confirm our hypotheses about this effect.

Analyses of the duration of voiced stops across speech styles also revealed a main effect of SpeechStyle
[F(3,10)=7.53, p<0.01] and Phoneme [F(2,37910)=125.99, p<0.001] as well as an interaction between
SpeechStyle and Phoneme [F(6,36380)=3.40, p<0.01]. Voiced stops display different patterns, both from
what we predicted and the pattern of nasals. Individual comparisons of the /b/ duration across speech
styles revealed that all the comparisons are not significant. We also found that the duration of /d/ is longer
for dialogues than for both academic presentations (1=3.57, p<0.05) and simulated public speech (1=6.05,
p<0.001), but other comparisons are not significant. Although /g/ shows a similar pattern to /d/, none of
the comparisons among the speech styles in /g/ are significant in this data set. As shown on the right side
of Figure 1, the results do not follow our predictions for speech style. In addition, fewer comparisons in
voiced stops reached significance as compared to in nasals. In order to further examine these tendencies, we
conducted additional analyses by segmenting the stops into two parts: closure duration and release duration.
The closure duration was defined as the duration from the offset of the preceding segment to the onset of
a burst release, and the release duration was defined as the duration from the onset of a burst release to
the onset of the following segment. However, due to the approximated articulation of stops, especially for
dialogues, a number of the stops did not have closure and release durations as a separate unit, meaning that
the boundary between the offset of closure duration and the onset of release duration was unclear. Table
1 illustrates the numbers of the stops with clear boundary between closure and release durations and with
no boundary between the two durations across speech styles. As expected, the number of the stops with no
boundary is the highest in dialogues and the lowest in read speech. For the following analysis, the stops
with clear boundary (83,957 stops) were utilized.

Table 1: Number of voiced stops with ClearBoundary and NoBoundary and their ratio

SpeechStyle ClearBoundary NoBoundary  Total  BoundaryRatio NoBoundaryRatio
Dialogue 4164 236 4400 94.64 5.36
SimulatedPublicSpeech 39839 1889 41728 95.47 453
AcademicPresentation 36556 1408 37964 96.29 3.71
ReadSpeech 3398 40 3438 98.84 1.16

3.1.1 Closure duration

Figure 2 illustrates an interaction between phonemes and speech style on release and closure durations.
Statistical analysis of closure duration across speech styles demonstrated a main effect of SpeechStyle
[F(3,15)=3.85, p<0.05] and Phoneme [F(2,36253)=184.78, p<0.001] as well as an interaction between
SpeechStyle and Phoneme [F(6,33554)=5.936, p<0.001]. Individual comparisons of /b/ across speech
styles revealed that none of the differences in closure duration across speech styles reached significance.
For /d/, we found that relationships among the speech styles differ from that of /b/ where the closure dura-
tion of /d/ for dialogues is longer than for simulated public speech (#=7.07, p<0.001), and we also identified
that the /d/ closure duration for simulated public speech is shorter than for both academic presentations (t=-
4.0500, p<0.01) and read speech (t=-3.82, p<0.01). The other comparisons are not significant. The /g/
closure duration displays similar relationships among the speech styles to /b/ but the degree of durational
differences across speech style are small; therefore, none of the differences reached significance. Figure 2 in
the left panel indicates that closure duration shows a similar pattern to the entire stop duration where the du-
rations are the longest in dialogues and the shortest in simulated public speech, but the degree of durational
differences across speech styles for closure durations are smaller than for the entire stop durations.

3.1.2 Release duration

Likewise, analyses of release duration across speech styles revealed that there is an main effect of Speech-
Style [F(3,12)=4.12, p<0.05] and Phoneme [F(2,38921)=578.30, p<0.001] as well as an interaction ef-
fect between SpeechStyle and Phoneme [F(6,38632)=15.16, p<0.001]. We identified that the release du-
ration of /b/ in dialogues is the longest among the other speech styles [Dialogue and SimulatedPublic-
Speech (1=4.12, p<0.01); Dialogue and AcademicPresentation (=4.83, p<0.001); Dialogue and Read-
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Figure 2: Interaction effect of Phoneme (voiced stops) and SpeechStyle on log-release and closure duration

Speech (1=5.17, p<0.001)]. We also found that the /b/ release duration for simulated public speech is
longer than for read speech (#=4.06, p<0.01). The comparisons between academic presentations and read
speech, as well as academic presentations and simulated public speech, are not significant. Individual
comparisons of /d/ across speech styles revealed that release duration of /d/ displays similar relationships
among the speech styles to /b/ but the degree of the differences are smaller. The /d/ release duration for
simulated public speech is longer than for read speech (=3.30, p<0.05), but all other comparisons did not
reach significance. As shown by Figure 2 in the right panel, the /g/ release duration also indicates similar
relationships among the speech styles to the other two stops except that read speech is relatively longer.
Similarly, the degree of durational differences for /g/ across speech styles are small; therefore, none of the
differences reached significance. As in the results of the entire duration of voiced stops, we identified an
overall tendency towards the release duration being longer in casual speech (i.e., dialogues and simulated
public speech) as compared to careful speech (i.e., academic presentation and read speech) except /g/. In-
terestingly, although the overall tendency was opposite to what we expected, release duration displayed
consistent durational differences across speech styles. Additionally, the number of significant differences
were greater than that of the entire duration of voiced stops. As a result, our findings here suggest that
speech style difference is better reflected in release duration than the entire duration of the voiced stop. Im-
portantly, as shown by the both panels of Figure 2, the relationships among the speech styles in closure and
release durations vary, suggesting that the way in which speech styles impact release and closure durations
differ.

3.2 Intensity difference

Figure 3 illustrates an interaction between phoneme and speech style on intensity difference. Analyses of
intensity difference in nasals across speech styles demonstrated that there is a main effect of SpeechStyle
[F(3,12)=16.8, p<0.001] and Phoneme [F(2,138612)=5168.7, p<0.001] as well as an interaction between
SpeechStyle and Phoneme [F(6,137983)=51.7, p<0.001]. Individual comparisons of /m/ across speech
styles revealed that the intensity difference of /m/ in academic presentations are greater than in read speech
(=3.73, p<0.01). Other comparisons did not reach significance. Analysis of /n/ revealed that relationships
among the speech styles in /n/ is similar to that of /m/ in which the /n/ intensity difference for dialogues is
smaller than for academic presentations (t=-3.24, p<0.05). We also found that the /n/ intensity difference
for simulated public speech is greater than both for read speech (1=3.43, p<0.05) and academic presenta-
tions (1=7.42, p<0.001). The /~/ intensity difference shows different relationships among the speech styles
from that of both /m/ and /n/ but none of the differences reached significance. As shown by Figure 3 in the
left panel, /m/ and /n/ display a similar pattern in which dialogues contain a smaller intensity difference as
compared to both simulated public speech and academic presentations, as well as simulated public speech
possesses a smaller intensity difference as compared to academic presentations. However, unlike our pre-
diction, the intensity difference of read speech is smaller than that of both simulated public speech and
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Figure 3: Interaction effect of Phoneme and SpeechStyle on log-intensity difference

academic presentations in both /m/ and /n/. Additionally, the intensity difference of /N/ are similar across
speech styles except that simulated public speech shows a smaller intensity difference than the others. A
possible explanation for this could be that due to the sonority hierarchies, the intensity difference between
stops (oral stops) and neighbouring sounds (most likely vowels) is expected to be smaller than the intensity
difference between nasals (nasal stop) and neighbouring sounds (most likely vowels). This means that in-
herently voiced stops have more space to indicate reduction by a smaller intensity difference than nasals. It
is possible that the intensity difference measurement is more appropriate to measure reduction for voiced
stops (oral stops) than nasals (nasals). This account is reflected in the results of voiced stops.

Analyses of intensity difference in voiced stops revealed that there is no main effect of SpeechStyle but
there is a main effect of Phoneme [F(2,38816)=61.61, p<0.001] and an interaction between SpeechStyle
and Phoneme [F(6,38831)=25.55, p<0.001]. Individual comparisons of /b/ across speech styles indicate
that none of the differences among the speech styles reached significance. Analyses of the /d/ intensity
difference show that the relationships among the speech styles in /d/ differ from that of /b/ where the /d/
intensity difference for dialogues is smaller than for both academic presentations (¢=-5.51,p<0.001) and
read speech (1=-3.25, p<0.05). We also found that the /g/ intensity difference in simulated public speech
is smaller than in read speech (1=-3.22,p<0.05). The other comparisons are not significant. As shown
by the right panel in Figure 3, the relationships among the speech styles in /d/ and /g/ display, to a great
extent, what we expected and the intensity differences across speech styles are relatively consistent. The
intensity difference is smaller in more casual speech styles (i.e., dialogues and simulated public speech) as
compared to careful speech (i.e., academic presentation and read speech). Our findings here support what
we discussed above that the intensity difference measure is more useful for voiced stops than for nasals.

4 Conclusion

In the present study, we used a large-scale spontaneous speech corpus to examine the phonetic variability
of nasals and voiced stops in Japanese. We attempted to account for how the variation and reduction of
nasals and voiced stops occur across speech styles by measuring the duration and the intensity difference of
target segments. We hypothesized that the shortest duration and the smallest intensity difference would be
observed in dialogues and the longest duration and the largest intensity difference in read speech. Unlike
what we predicted, the phonetic variability exhibited complex patterns across both phonemes and speech
styles. As a result, our findings revealed a few important aspects of the phonetic variability and the effect of
speech styles. First, the way in which speakers reduce segments is not consistent across both speech style
and phoneme. That is, the way speakers implement reduction is variable depending not only on speech
style but phoneme. Second, the relationships among the speech styles in closure and release durations vary.
In other words, the way in which speech styles influence closure and release durations differ. Third, the
intensity difference measure is more useful for voiced stops than for nasals. Further research is needed



to investigate the instances where the segment is deleted and the segments that are realized as different
phonemes (e.g., /d/ — [r]).
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DX, & fo RFMNFEILI-Z A I 7 bbb Ty FEIRESEOMA 2 KT 5.
D BRNWEIER L CHIRTE 5 L 5, EFGEORIRHZ 1.0, BiARH% 00 & LT,
Pl, V1, P2 OEBIFHE Z M IRFRICAR L. ZOENLE LT, 3 DOREMHEDO X
AT L foliDFEE Z L OVHEAK 312 LT, WEOEIL, Aifi CEEY 4 TN
BBWZ L AR LT kaizudd Z DX, PI L VIIZHT TCOFERABBEL, ST
P2 IIMTTBBEL EFT5. fRE LT, BITENOEBEIINT Oy TORNS
WL IR BEHMN DD, ZNDNEBIA TOE vy FEBLEORMENARZONE ) THS.
ZHIZTEWL T, BEROEEIE, THLEALHLWVWIOHT, EvTFORRHIN. Vol
9, P1, VI, P2 OFEBL A I 720%, HlF - FERICBBERETA LRV, 30
kaizud0 Z D Z  HIEDGEE DIXH, P2OX A I U IR0 BEVWMHM N H 5. Z DRI
DWTHE, KREITS LIRS,



Tokai speakers (N=5) Kanto speakers (N=5)

(I o
e e
B - - \
g8 v | o
T © |+ nachikaizo © | + kawasakido
o o A tatsuta30 o A tokyo20
T o 7 o tatsutad0 S 7| o chiba30
o |V kaizu40 » | Vv tachikawa30
o" - ® yatomi30 cli -1 © saitama50
T T T T T T
-05 0.0 05 1.0 -05 0.0 0.5 1.0
time (duration of NP2 = 1.0) time (duration of NP2 = 1.0)
R 5B

3:P1,V1, P2 DEA3T & fo BN FHME (RERFEDFRFR=1.0/ BAFR=0.0)

33. folEELRAAIUTICKBEBEDILLGEYD/INZ—

A £ C TR E RO HLRWE, 1HCTRE L THRBLHSER] LWA57EAD
M. ZDZLERETT D7D, 300 fo REMHEZDH A I, Gt 6 DOREMZLELK
ELTEEWRGOIT2FEIT UL, B 1y (F5E31%) &F 27 (F5527%) O biplot
I 41ZLDT. KFEN 104 DFEE, A2V v 756 DOWUEMD ST DD DBEA
LANETHD. ETEHEONEE D, kaizud0 2 DF < BifFOFEEX, #1RDIED
B A LT D, W X ) BARODEEEIXH 1 s T 0 A E 7213 A OFERIC /546 L T
W5, WA DNIAREICEEL TRVl 30 EITTHRIZE DI, REBOREICHWEY A 7L
A A TOEFEANBET DI LICEDEDPANZOND. TOMES Lo T

yatomi30 1%, % 1% CTOfFITiofnE LT
D, BROGEEE LN EREL B

1.0

| i yatomi30 Tb\}:)
o | SFEIT, WEMONEEA%. EOBRD
- t::hgﬁgggz,::tiwt | BBIRS A TS A T DA E LB L
8y 21 e e DI AT L A R BIVB S, 0
T nachikaigo FANIE T ITAICEBE &V AR
' %ﬁ%é@%KQEZ@iﬁﬁ@(%@ﬂ
T kaizudo tokyo20 ZVY), (b)V1 OEBIREHE BN BE ),
e ©OVI O fo i (RSO Ths. =h

-5 10 05 00 05 10 gy 31 32 FICHRALEFETHY, (K
pei W5 A7 EAADOE y FEIRE EORHE A
MWZONZEITHD.
4:6 DDREMEIZKDERD D
WBRE1HD x B2



4. FELHEFE

FHET 72y b [BZHNY | EMOEBEZ BT Lo, RIS EA O SR8 E
DEFE 2 OB HRN, [FRHS, HE DICBEEMIC A SN 55EH (kaizud0) <,
BREA OFEFREE &b, LEFENREFRERLLDLE L OEANFET LI B L
D U7, BUEHIERIC 245, HEFELOE R L HFE TR Y, ZofRITZENE KR L T
WHEBLLIDM, AR (1960) OHENS M ER TR, Al L Ui
OoNEIZ, HIE A OE S EBELORE S HNEIND T E N R TE

(BZHNY | OFFER LOBMOOL DI, BT 5 MO HNEDOE v FOR
DENERDHoT. WHFFOEHEOY »F EFIZOWT, §k Lz EBLLRo720
THZELHDN, 77 RO E L TCORITFET D LWV BTzndb 50 (B
2004), H¥EHET 7y FOESFEERBIIZZOMANL Y DX WEHRDZENTEDES
S/ AHOBEE Lz, E£72, TR EBEE L THRSN B b DL 00, ZOHK
2, HOBALAFEORES - BMEZOHNWEICE v FO TR « LR EZ2BIHEENRA LR
L2 ThD (M) Tk o HHLHLL %, TREREBEOY o HLLLLHHH #i72 & -
HH - il 2017 : 232-237 TWEE). SRR, ALV OEEIZBIT AR DOSNEN, FEL
~L D (EA) I2BT 5, &to@%%@%ﬁiwﬂiﬁwo;é&% H3 2 ATREME,
k&zﬁ,ﬁ%k%_ﬁﬁﬁ AR LORB O TH D, LD K ) e AThE
‘@ﬁﬁwﬁ%5#.:ﬂ%é%®@ﬁﬁﬁ&bkw.

BE SFET A ERML S o AR FEH LY LETET. £, 4HES
Fﬁné@ﬁnméif R/ pa Ay NEWEREEE LA ORI, SRR

FHHEEET PRIV, CERPERAIEE e (AAGE#E TS0 7 1Y
T4 =& Tu YT —RROFR ) WHERERE  EEER, REE S 26244022) 2L 58
RESZT TV ET.

SE 3R

E¥EE (1987) THAKRLEGE T 7y FOREES5Q)) TEAZLERZE] 42:1,
15-70.

FRSEAR (2004) [HUR T 7 & v b OFFMEE — G5O LH OWANTHWT — ) TEEET] 55:2,
16-31.

FRSEE T (2002) TRBGRT 27 o MREL] HOR - kiR

K (1960) T4dRET 78y bo—FE [ [EH7aa®] 102, 8-10.

HHIEE T - fh (2016) [=HE - BAIREE S SIS 5 S Ol L 257 TR EE
FEE ] 39, 218-250.

HHEET - fth (2017) & - bR - ZEREHIKIC T 2 SEEEH L SRR [ZaR
FEREREESC] 40, 207-242.



B1

%%ﬁi&@m%ﬁ:ﬁ%b&ﬁﬁd-_l_\‘y@*—:p’j‘(:dswé%’é‘
7 il (ESTEERRZERN) IR %N (BERESEHNY: & 70 LARJET)

gakujl kumagai@ninjal.ac.jp, kawahara@icl.keio.ac.jp

:mb

1. [FL®IC

B S (sound symbolism) & (%, [HOHFFEDEN, HDHA A —T (BEH) ITHKODL] &
WO BLE T, BFEF - LT - AR T TIERICHES N TWD S EJ’“CE%% (e.g., Blasi et al.
2016; Dingemanse et al. 2015; Hinton et al. 2006). IT4F O & G50 SITHFETH D
Sapir (1929)i%. HFEEEEH ZKRIZ TREWT =T L E/NEWNT — 7w%r¢$aﬁzo%
ST E. EH o0 mal> T, EL o3 mil"h] ;A ZLOFEEDN [REWTr—7 1=
“mal”] [/NEWTF—T ) b=“mil”] LESEENVIFERESETZ. ZOMRIT, KFEEEIC

Ma]=K&E W, [{]=/hEWV] EWI DRV NFETHZLZRBRLTND. %&E%%

X, RFOFHEFRLEFFOAMEET, MUERLZBEEAMFICHKT 20N, H
ANFEEEZMHFICLTORCLD RFERPBGBOND ZENZ W, o, 20X RERM
DFERBEREPITO & FEOHKRLES STV, IF, FRET IFFZETHEMSH
HEEDOEAN] ELTHAHAITHLENI R EFHHY (IR 2015, 2017a, b; Kawahara et al.
2016; Kawahara & Kumagai 2017) . 2L N TRIAMIEDOHIR b Z D X 5 R A HET 5.

AIFTEIE. B2 AHA LY DARNCONWT, EREBOBLEN D EREITV, BLTD
HATHKRSINTWDRELAHA L ITIE, T/ 73— (panpaasu) ] [ AU —X
(meriizu)] [ A —=—-<> (muuniiman)| [~ I —7" = (mamiipoko)| 72 &, ZHIIZHEE T
HDOHp,mMBEFENTWNDEDONE . WEEIL, WiEOHRIZE<BlE S, 733 (papa))
R [+~ (mama)] DX 5 RHEFHRIHEDOND Z b H0NDLBY . FBb o AP RN SE
BT 5FETHH 5 (Jacobson 1941/1968). L - T, BREOBLENOEZ D L, BEF =k
Lol EVIDRPO PR SES> TWDLHAEMERH D, 7272 L, ALY OAFNIEL T
. FENT LICHT L5778 4 DIFETHY ., ZOEZMAORNR 0 B—RIIEAIE L
THO N> TWDENIBET OILERNDHDH. Lo T, RFETIE [RESAHL LY D4
FFCmBEPZAINL7) ZFEBRICIVBRGEET 5. (KT, LT, mEE 2 Higa
i TEH LS

2. EER1
21. HELFIE

EE=RH2 VHA LY DHHET E\WNDDRBD BTFET D008 9 P RGEET 2729012,
FBR 1 Tl 5 ODEE[p, b, m, §, wlEk TALENGEHICE TR UREE & kR O I EUREE
FHEBEL., BARGERGEGSEIC, EH00 TRHBLAUHA LY & LTHIS LWARTD &5
RLTHL B -7, £ 1T, ERICHWE 15 X7 OEEWIEZ /RT. BT 250X



OB EICA T, IHLRENGENTVD. —FF, BE LT E 0 IO I
Tl HIOFEIHRE qj@@a@ﬁb‘ﬂ . &IEFF (coronal) ([t, d, n, s, j)°EHHH (dorsal)
(kD% A7
FEBRIE, Surveymonkey ZFIH LT, 74 Tiiolz. #BREICIET, 15 X7 ZnEh
IZBWT, EHORRBR AT LAY ELTHIELWWA—I V7 BIRL T b o7z,
T DIRIEFR, AT QRO E, $rE ZLicT o2 afbLiz

= 1: ER1THW=FIER7

i | BE TR FEHH | BER 2L BT RV
[p] NT ¥ parapiru | vs. [t] 27 XN tarakiru
7 perapon | vs. 77av terakon
TV porumin | vs. Pr=v torunin
[b] Ny NRv banberu | vs. | [d] 2V TN danderu
R 2V bereman | vs. TLFVv derenan
BN borippo | vs. FU v b doritto
[m] ~7 UE mararimo | vs. | [n] +707 nararino
ALKV merebon | vs. b neredon
£ VoSV monparu | vs. J v Zv nontaru
[$] 7L< — ¢uremaa | vs. [s] AL 7 — sureraa
7 Vv dunperu | vs. ARV TN sunteru
7<w—n ¢umaaro | vs. AF—u sunaaro
[w] 7Ry 7 wapokku | vs. 1 ¥y jatokku
JaEyv waromon | Vvs. = jaronon
7 A== 2 waboora | vs. =7 jadoora

22. HWEBERULSH
KR 1IZIZ, BRORZESALNBINLT.. 2055, THARGENRE fiﬁwjkﬁ
% Lf:%éE 440, [BEREEMB LI b D) LRELFE2LZRE . G 1484
BACBI IR AT RIS & UTe. BT icid, MIBIRAZ r AT ¢ v 7 8l \7Fﬁ (a generalized
mixed-effects logistic regression: Baayen 2008)%% VN, BRI AR T X LR e LT

23. #R

M 1o, BEZ2aliEnREN-E84%2 5 D OBEHNCRY (HL, ¢k feidd).
FER. WThoBFICEALTY BEAZSOREKEOFNRL ALY L LTHIG
LW EEEBIGBERSNT (2=7.873,p<.001). &2 X, TNENOREIERN S -EIE
ZRLTWD., WTFRONTIZEBWT S, BELZEZ0RHEAZEIRT 5HE2 50%%2 A 85I
EEl>TWS (ZHESMT A M HWTFEERRETETp < .001). Z2MEMOIXLS>EX %
ST D720z, K212, B 15 X7 OHR T, 204H1E LTEEZ 3 LRI A28 L
Te X7 H (fitdlh) &= oWBRE O (Bf) 27, T35 Y OARNIHIL LWATRT IDE




TG RE A LT LB 20N E 18 AnT=b oD, KEHTH
% 130 ADNEE %2 & ol 2 5 0L B AT,

1.00-
20-

0.75-
é 0.801 % 10-
u% 3

0.25- N

0.00- oA

P b m f w 0 5 : 10 15
Initial segments labial responses
M 1: BEZaCREsBIINEHE M 2: TREREE] ORI T A
(=T —/3—1% 95% S HEIX H) (y BT ERE 50

& 2. FRIBDERESN-BE

Wi | BExAT H& | FBH EE % =&
I (%) EE VI (%)

p] XTI parapiru 86.36 [t] R 7 FN tarakiru 13.64
A perapon 72.08 T7av terakon 27.92
KV porumin 78.57 fr=v torunin 21.43

[b] N )L banberu 64.94 [d] XTI danderu 35.06
RLw v bereman 61.69 TLFV derenan 38.31
e borippo 56.49 FY b doritto 43,51

[m] ~7VE mararimo | 64.29 [n] +79 7 nararino 35.71
ALERYV merebon 83.12 2LV neredon 16.88

E VNV monparu 67.53 J VRNV nontaru 32.47

[$] JLv— ¢uremaa 91.56 [s] AL T — sureraa 8.44
AN Junperu 53.25 AV TN sunteru 46.75
7<—H ¢umaaro 75.97 AF—u sunaaro 24.03

[w] TRy wapokku 85.06 [1 ¥y jatokku 14.94
/= waromon 59.74 Yo/ v jaronon 40.26

7 i =7 waboora 84.42 =2 jadoora 15.58




3. EER2
31, FELHRE

T2 TIX, BE=RH2AHA LY DART &) EREA D7D BAEENZ R
MNEIMEILIZHEET 72012, EBR1IZBM L TWRWHARDO LT RAE 41, Kb
RAIAF LY DA EBEZ TS bole. HEDTZDIT, HFRHERADA A=V DR ME
BAOARTILEZ T b o7, TRENKRK 3 2ETHEFTHLHV, BEX AT T
HEHFTTECLIERLE., £, EET LA LVLAITEDRVWE S ICHIERLE. HE
TETDHLYHRT VT 7y MR E LIRE IO BRI L7z,

32. #HE

I FRBRAMAAF LY LR OAFIOZNEIUZE N TS 5 ODEH[p, b, m, ,
wiDEIE, BRIEER. G FEEERT. A2 Y0x—I o 22d, AR FEEICHL
T, BEOEOEEN 487% CThol=. —FH T, {bhEfhOR—I v 7I2id, BEHEOEDOH
B 193% Liginole. A ZRREDRER. b2 AMA LY OLAFNTIE, LEs D
AHTE B LT 5 SDOEEp, bym, §, WINAEICZ GENTND Z LRS- (F4) =
10.72,p <.05). E72, T RTOEFIZEBNT, [F LY OAFNIEN L FIEMEEES D4 #i
CBNDEA LD bEW) ZE BRSNS, IROLOMEIR, ER1 OfR L RE TE
BE=ROP2AAF LY DL LW OB OITITEEERH D Z 2R LTINS, #4
I, EBRTHOLNTERLLARA LY OR—I U 7 OB ERT (W DisE D670 -
72).

R 3 FEPARFTLVERMERDENETNDRE R 4 KZENEZ . FbvART LY

IEFENDSBEFOH D ARTDBI
Fav | EE | fekEd | ElE b e ARA LY Dfl
(%) (%) [p...] | 2¥—=— (paanii)
p] 106 | 204 | 32 | 55 -te— (papii)
4 LR L (pomupomu)
[b] 31 6.0 15 2.6 b.] | 7> (burun)
[m] 63 12.1 46 7.8 ~ ¥ (bebepan)
] » [m...] | ®~¥/V (maparu)
[w] 8 3.5 8 : A JL XL (merumeru)
it 253 | 487 | 114 | 193 % 2 & ¥ (mokomon)
=g [...1 | 77 Y — (Puwarii)
&3t 519 | 100 | 587 | 100 7777 (duwappu)
7 7 1 — (Ppamii)
TEEK




4. B

REBRDRTEIEE O ST, BETLHF LY OLENCE EN 5 EHp, m]7ZF T2< | b,
b, WIEGLARILRLRAMAA LY ELTHIGLWZ EZRLTWLRATHDL. L,
HAGEREEREE 2N, [p, b, m, ¢, w]Z B ([labial)) & L C—2D &M e h 7 IV —& LTH
STWAHHREMEZ R LTS, SWx 5 &, BIEOA LY OLRNIHEE T 5 [p, m)iZ3k
WTHFEMEE L Clabial]ZfH L, HT L AL VIZAMITEITHIBRICH, ZoREZEH S
RN DD, DF0 ., HrxOENL, FRIEE~O—BALDIT O/ REMEDN B 5
EE 2% (c.f, Albright 2009; Finley & Badecker 2009). [§, w] (FFICHTE) 1%, HEBE SN
BWAFTHACHED ST (0ta2015), ALY OARNCHEE E Sz 2 &b, TR
R R LV TODORPY A TH DL AR L TV D.

FERR, AAGESHam ORI RELR TR, [WIRERFENMELS L [labial|Z FFonE 9 e
WD BB REFILIE, A E THEE LR o 72 (Kumagai 2017). HARGES % « FHEmOA
FHECH LR SCICB W T, [WORESZ ED X IICHET MR > T\ 5 (labial:
Kubozono 2015; velar: Tsujimura 2014; labiovelar: Labrune 2012). AZEER DOFERIL, [w]H LD
BELFERIULIICIRDED L0 ) IR W T, [lablal|0FE M2 S Z L2 REB LTS, (B
L. Kumagai (2017)03# %% 325 Tld. [w]hS OCP-labial fill#J0E @ IEICE S Lgnwz & 2%
AL THY ., (WITEBEHRMICE S labial | TIERWE ERINLTNDS.) 4%, I 03k
BrEENDZEIZLD, BRMOELIBANOSHNEL, BAEO /W OFHFEMEIZET 5
M b AREIC e D T E MRS NLD.

5. f&im

AT, TRBOBENDL, BHLAHA LY OLAFIZONT 2 DOEREZITVD,
T BE=FRH2 ALY DLAH &0 BRBHIROBRNBORHDLZ L ER LT,
Flo. AEBROMBRIT. BARBEHFEGFE D, EETLIROL ALY ORI E I, BE
([labial) & V9 i@+ 5 F A L, HrLWA LY OL AT LG S 7= maett %
RELTWD., ZORIZEBWT, KERITEREAIRORBVITFRHIREMEL WS & DR
HENR L XL TRIDZZEHAETHH I EEZRBELTND.

B
REERIZH ) L T N T R COFAIEHTT D, AWFRIEE EH ~D JSPS Grant #
17K 13448 ~D4E %5217 T{T> T\ 5.

SE Xk

Albright, Adam (2009) Feature-based generalisation as a source of graident acceptability. Phonology
26, 9-41.

Baayen, R. H. (2008) Analyzing linguistic data: A practical introduction to statistics using R.
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1. IFLC&HIC

B MIEFEBMOZRIC, MEFEL TV 0N Tk, BEED TE0X 57N
THDHDOMN] DI LN TEXS (eg Krauss, Freyberg & Moresella, 2002) . & D K 9 72555
FHOMAEIZEAT DB ®RIE, RE 2T TERXDLIENTE D, 1 DI, Filnorh
RED TEDRIRBEFHFETHLON] WO EAME—RIZETLERTHY, 9 1 D
%, [HEEPHETHLD0] EVWIHIBEADRIEICEADLHERTHD. 2 b DIFHROLER
i, HEZEHDYV G- TWLLEEXLIDONRERTH D, MAMEITKTE L THFEE OFIER
SITAMTFRICEEL, E2ORR, EFOEERELENT D, 202 ulx, #
NE—RICBEAT2EFH TS, FADOREICHEHTLHERTHLRETHY, MEETLTLHH
ECXHTE Db DTIEZR.

LU, #RRLEZMEICE N T, BAE—RIZET 2 EHRITH H2BEM PR T,
HMOBRWHEFEDOEFZANT L5 LI TEDICHHEDLLT, I<HMoTWDIET DHRER
FOEFZMONTHRENTERWVWEFRBE W IEFNHE I TS (e.g Hailstone,
Crutch, Vestergaard, Patterson & Warren, 2010; Roswandowitz et al., 2014) . Z UL 5 OFZEIE, {#
NE—RICEAT 2B ®ROIMF &, HAEHEDOREPRRDIUHEA N =ALZEDHDTHD
AREMEZ RIE L TV 5.

ZDTD, BENPLIEGEEOBEAECHET L2 HRE AR T 5B ZH 6T 2120,
T DB DOIMSIVERHEBEMEZ TR D Z EBARAIRTH LS. Lol 2Lk TOMZETI,

[EEEORFEENHETH LD LWnHZLl, ZOABRFELEERNDL TED XS 7 {E
MNERFNRE S LD D] &V R, HORRE 14 1ITHISTHbDE LTHRbATE
o, THEEE, AFREZXNEARRILTEDLDS. LMLEOL I REMHTIE, TED
EORMBAETHLON] L5 2Ll THETHLOMN] 0D T ENERICERY G-
TWa 72, EAE—BICET DEROMRBERIE L, FEFEEORTCICEL L mTARE T
NENXR] L7z ETHRET 5I2I3IAR 0 Th 5.

T ZTCARMIETIE, F—ORFEE TH-oTHbRR ST AMZR > THREND L OE
LR SN EEE F e W, TEBEOREEE] & TMESNHEAME] 2890 51
bNOEFZRHTZLEZAME LT, BMRERZITo/Z. 20X O REFRMEFLANT,
SHBDMFRIZBNT, EENOLFREFEEDOFEAMEICET L REMTE T OA D=L E2H 5
PZT D ETHEHATHLEER NS, ERTIE, MiFTHHINTZEFRTOIIE, HitE
NTWDLXLENEZ S THRZEAEZFF > TWD EFEEESND Z Ea2ENDT- BT, [FH
—DRFHEHE Tho TH R ST HANEEZR - THRINDIEFVGFAET DL EE2RT.



2. A&k

AWFFETIE, 2 ODOFEBREIT7-. AR FEIZ2 DOEBRCTR—THo7208, EBR 1
TIREMFEEOEFOLEHN-OIZx L, FEB 2 TIRBENFEZFOEF LS bE THW:
BN KEL Bip->TT.

21. &mE

FEBR 1 ITIE, 26 L DO RZLAENRSIMUT- (B 10 4, ot 16 44) . FEFEEN 19.58 7% T,
R 221 090 s Ch o 7o, FEBR 2 121E, FEBr 1 LIxR AR RPAE 204032 LT (B
P8 44, itk 18 44). FHIAEMRIL 21.08 % T, IEHERAIL 6.26 i CTh o7z, 2TORME
MEBRBWZM O oTc. 2, & TOFERITFERFANBEFEOH TR 0 KI5 2
DEFENITITY, SNMFE T FANCHIEICET 202210, ERSNOREEICES 1T

> 7.

22 %@

HREOMTEFHA, BIOEOEMFIC MacBookAir Early 2014 (Apple) % 7z, ~v
742 (Sony) Z HWTEFRAZRRL, KT 4 A7 LA (HP2311) & VTl 4 2R
L7z, A OMTIE, Audacity (R)2.1.0 & GNU Octave 4.0.3 # WV CTIT\y, EBR7 1 7/ F A
Id jsPsych Z HWCTHERL L 7= (de Leeuw, 2015).

23. BF

7T NDEEFIZHOWT, 3FET S (A, B, O) OFFREZHNE (F1).

AL 2, BEXOT OFFI, GEEANY m—y g VARG R T — X X—2 (SRV-DB) ND,
ATR2S X 7P LIcE R ChoTe. I8 E—F/HObDEH W, FFE 1 & 2
T THY, FEE TIEBMETH -7, A, B, CENETNOFEFIL, BOLEE PG LT-
LOTHY, XFEIFFEMTHETH-72. ETHFECTHGmINZEFTHY, [FUHKE
FTHONIETZ L B AEZFF > THRIND EZIONLIHEF ChHo T

FE 3, 4, 5, BRXUO6DOERL, FA—0RFEETH- THRRLMAMELZFF> THRES
NHEIBEMLTEFESNEHEEF Tho72. BIRRICIE, FEFEEHT Cb oAt
YUATRE—Va LV DORA A TNV, R AT, ERENEE LR T D
HREAMH U THWE. §8# 3, 4, S IE&ETHY, EREOHEEIRTIE, KEED A
DEF TN, BOFFIIRADOLYE, COFEFIIVEORGETHDL I HICMREIND
BRTholo. FEE 6 1IBMETHY, EBREOWEIHIRTIE, ABLXOBOEFILIHFSE, C
DEFIIMEOHRIETHL LI ICMBEINLIEFThHoT-.

Zo9bh, EER TIEEEE 1~5 OB F %, EBR2 TIEEEE 4~7T OFF AWz, B
IHLRE, ZNENOEFE, HEXEEE 1 0EFE [FF 1A FF 1B §7 1C) &
Wo TR T S.



R EBFOHROEN F2: ALV -REEX

BEE R F—AR—2 EREOERENSR ELVE - mLE
1 o N ZH-BLOE — BLRBLOE
i SRV-DB LSTHBICKHHHR HEMEE  —  BEMLE
3 Itk INC RS 9) BRYDLGLE — RYOHDIE
4 IYHRTOE—S300D B(XADZKE) BLILLWVE — BAIOHLE
5 RARY LTI C( %) WE — AU
6 B A-B(FH).C(LHF) BAEE — HhThiFE
7 SRV-DB STHHEICESB5% FELESOLEVE — BLEZTOHLHE

24, EEOMI

ETOEFICTOWT, 200ms LA EOMEE 1%, 200ms (ZH#E L2, 2D LT, BIENE
DWBERS D120, TUVHLLNATT A7 %7z (Scherer, 1971). 7V H LA
TATUTNE, EFEORENRE~AT LERD, FEERFFT D L THAHRSFOMNT
HEIZEEZ BTV (Teshigawara, 2004). EARIIZIE, FH % 250ms 2D 7 A v k
WZHEIL, £ A MONE ERY ENEGTFRY O 3ms 3700, RIEZ I ICE LS+
7o, ZOXIITINLL7Z250ms D7 A Fa 20, &b AT ZEZ X Mt
B ZENRVWE S, TUFALIEIZERT, SHRBMOBEFZERLEZ. 1| DEOESTX
Mzt T, RARDIEFETEZ S BHOEFZET T, 1 DOFFICHOE 11 BEOIT
B AR L.

25. FFEHEAB

ARF - ME (1999) 1I2HESNWT, FEHEZRET L AERIGEGE 8 DMz (FR2). £
BLEERHE MEWF-—mW A TR R COF B WK C O] Tehiy e Fm-BE 725 Tk
DORWFE-ED O L] 1§54 LWFE-BHOH L7 THIWFE—KWFE ] EAEF-1T
Nl ELEEZORVWFE-ELEZEDOHDFE] Thole. TNENDORIGERZHONT,
(IR« 72« 00« il - OR0 - e D - FERIZ) o 7T HEEHAWT, EHLL0%k
BRESNC X 0 < R SN2 oW 2R 7=, FEEEE, ERRoW, Ao REE?EE
RENTRH NS A ORBIGENBRIRS NI RELS R D L9 IC 1~7 TERIL L.

26. FHE

FEBE, 1 AT OB TITo72. FTERBREDPNFICOWTHREZITY, SINHE D REZ
PR U7 b ERF IR OIMNT, ZMEIZ 1 ATHEELITo72. EBRTIE, 24HO X
WML LZEERZ 1 >THORRL, TENEFROFEFICONT, 25HTRHIR LT 8 DDF
BRERNCOWCREE 24T 572, 1 DOHEHEIZ 8 DORBGEMN 22 TERLT, 2MEITEN
FNORBFEFCONT, ~T A7 U v 7 ZHNTTHIETIHFEEIT -T2, 8 DB TORE
FEXHZDOWTREEE T 121%, ROBEFRZ2RL, BOFHEEEITo7Z. 1| DOFFICOX,
LN LEITORFEEITo72. 2B, BEFORRIEEISMEZLIZT X LATHY, KILGES
D ERIBESLEAMEILIEFZLICT VX LA Tho Tz



3. #HR

FEROMHT OB, HDEFICXT 2 H 22 ME OFEEMO—EIC RBIENH > =55
i, TOSMEOZOFEF KT 2EEMITETHIBR L. KEMEZR &, EBR1iT1
ODFF YD DIl b 22 Ny, EBR 21323 ApOFEMAELNE. KEFICHT
L BRBFER OFEEMEICOWT, BMEMOFHE LV, [{FoNEEEZ W TET,
FHBEBESRLE L TE 2= U v FEEEICOWT Y 4+ — FIEZHWTHERN Y 7 2 42—
SHEAITD, T RarZZ 52EERL (K1), ZofE%, FE51 %R 2 <, FEElLk

WEDT > Fu 7T AiRfgoilk.
Height Height

0O 20 40 60 80 100 120 140 0 20 40 60 8 100 120
L ! 1 ! ! | | ! L 1 1 | 1 | J

BWAE BWE
N ]
ESAYAVO) J HEWRUOE J

BHNLE — MrIhicE

RODHBE EEBREDHZE J
BHOHZE BUNGE —
AW :| AW

hFhicE BHOHBHE

EER1 KER2
BEMEOH M BODBBH

1. REFBERARELIZIVSRAZ—DHOBR. (E)XER1. (A)XRER 2.

Felr T, FEOT—2EZHNT, BFEMRE LTI TAXY = EIT, T Rkas
TEEER LI (K2, K3E). BoniTy Ruar 7 AEk3nT, £ 1 Tik3 o,
EBR 2 TlE 4 o0V FTAX—ICEFRERFH L. ER 1 07 724 —FxnTh, EBRE
OREIRENRIZHSL &, 7T RZ—1IFDE, 77 A5 =230k, 77 A% =3 1TK
ANDOLWEDORFETHL L IR INDIEFNEEN TV, EBR 2 OV TAZ—I%, 7
TAF =1 T, 7T AX =2 T RADOLNE, 7T AKX =3 1 3DE, 7T 2F—4 (%
HFEORFETHLLOICHREINDIEENZTENL TV, SBICESNT, ZhAtho s
FAL—ICHEENDERD, FRBGEGCHT 2FFEMEZ YL, finfrrs 7 7 TRLE
(24, M34A). ok, il 7 708 RIE, K1ICRLEZ 722 =GRS0
T, REGEXNS & 4 2O T N—T1Z00, TNENOXBIR S XOIWIREBDRIEZEZT-.



0 20 40 60 80 i 2 3 4 5 6 7
L 1 | | |
P §F3Cj . B B
| Em4AC —
e :'_‘ ITAE—1 Z(H-BLOM ELBLOM
L EmaA — 5 B B
| EmA H | HS5R 4 BYOLLE BYOBHIE
1 : = J— A\
| ESA :77:;( 2 ¢
| Em3B E BALLE BHOBEE
| EE4B j L.
: \OSRHE—3 | -
' HE5B L L]
| Emon 5 BAEE BF Rt
| EEA BEMEOHLE EEEEOBEE
| &2 :
| HAIB !
igmA | —— R IR -—&-
| o HSRE—1  HIRE—2  HFRE—3
| BmIC — . R () #HWDbE)  (KADKHE)
2: EBR1DOBZEDORE. (E)VSARI—RHIZKYELNE=TUROSS L. (B)OSARE—4D
AEEDFY.
Height HeiE
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L L L 1 Y [ R
. ELE —‘ B
: B ELBLOR
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BYDLLE BYDHBE
BALLE BADHIE
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BALHE SR
BEEEOLE BEEEOHIE
I S N
HS5RXBZ—1 DSAB—2 DSAHB—3 HSAB—4
i) (KRADLH) (DE) (FH)

3 ER2DBFEDHE. (E)VFRF—AHICEYBON-TURAT I L. (B)VFRE—2ED
FAEEDF.



4. BBHYIC

AIFFEOFER S, HFE Tl SN EH I, F—OREE ThhE, CENRL-T
BT AMEZ R > TR ISND Z R EnT (M2 EDEF 1A~2C, M3 EDFEHE TA
~7C). ¥z, ER 1 TIIEEE 3~S5 O3 HEOBEENENENRIRD 7 T AZ —ITHHES
Nz e (M2 7kE), EB2 TIEGEE 4~6 OBFFNRRD 7 T AX—ITEESNTZZ o
5 (K374, M—ORFEETHo ThbRRSTBAMEZRFo TR INDEH, T77b5
[ERRDORFEE ] & THRINDBAN] 20050605 EFENRRHINIZEFEZXD.
BAPEDEITIFE 2 EOAFZRE, OV TUEEFOFTERMICEET L Z LD,
B OERRMEEAEOMTE L OBMREMR D Z &1X, MEAMEDHMRICEHEZR D)
D ETHHATH D (e.g Kitamura & Akagi, 1995). AR FH W= FF O EIC B W Cix M
Bl L T(RORmS EME L) Fi) PRNEEEZRIFLTCWEIERRTERDLI Y (K
lBXUOX 24, W34A), EFOEEREICOWTHONZ21To THRE L OFEZ LD Z &
T, [MAEAYEDMBEICEERDONIOWTHANME LN EEZOND.
SEABENTZEFRZFHA LT, SHBOMEICBNT, & xiEd D E7 LHEE O
O H LR, AR INOEAERER > THR—OREFEE TH DL Z LR TE
00, REZPFRITNS Z LT, [EEORFEE] & THRINDLEAM] 280 5007
LT, BEPOHERICHEHTAERENRET OMBELZALNCTELTHAS ).

S5 3R
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HAZEEEZRELPEEESEZEOMENS

EIE Kz CREBRS) - 28k &HE (#7K%) + Donna Erickson (Haskins Laboratories, 4
REFRFKE) - Kerrie Obert (Private Practice in Columbus, OH)
Sadanobu.toshiyuki.3x@kyoto-u.ac.jp; shu s y@koala.kobe-u.ac.jp,
ericksondonna?2000@gmail.com, kerriebobert@gmail.com

1. [FL&HIC

Fx O HEAEFIIIIEFIERFBFENBLEIND. o0, METERGESE
DHIZIFHRIZEL DL H DL L O THD. HLEFVHEEFONGEICL > THRRLHIR
EHo9 T, TOREIIAIRDIES D D ?

ZOMBEICEALT, ZNETICELHONTNDLDIE, BEWGRNZEROFIETHS.
7= & 213 Gumperz (1982)1%, B —Aa—ZZ8IZBIT DA > K - \F 2 X R0k B OfiE e 5REh
TENTESAVEERDS, A F U AEGEE A &~ FRFEICHIT 2 TREHA b r— g COREK
DEIZVIZHAS LIBRTND., ool 20T, =V 7 vy - JHHl (2010) 1%, ZLEo7T X
U 71 SEERFEREE I L o> TO D) FEFEOA » hx—a v (BRESOEHEMMEL,
ZD®%RTEmL< %) PAKGED T8V FEaEL Ll TWD EIERHLTWDS

ERY, 29 LTeEWRRRBZR IR &3, BFEREERLEDO—RE RV 1§55 D TIX
RNTEA I M2 KERIZIZOAREMEZBERLES L3200 THS.

HARMIZEY EF501%, BAROHERFIETr —X 2 5 5T EOLMGEE N R T 55
FThD. ZOBEFRZNE - B LT FIEICOWTIROFE 2 i TR T 5. H3HITI,

ZOBEFIIT D A ARGEREEEE & P ERENEEEE ORAMEHm & L TRRD Z L 2T
ZO ETEHEA4HTIE, ZOHIROEWREFOLZEMEICL VB AETHD Z L E2RT.

BERIE - EDAE

LR, HE S OERR, 72— Mid, BB ToOIRICEZR~2%. A AGERGE
Fh3 i < NG BRI CFR A ¥ 7~ 72 @ C(Sadanobu, Zhu, Erickson, and Obert 2016), A%&7 TlIH
EFERGEEREE A IR L, HAGEREESE OMR L ORFEICERZES.
21, RIBEFDOIERK

RIS 75 OFE LFIE 3 AD 20 et CREF5042) o AARGRERGERE A (UC P, - Q * R)
Thd. Z0H9HP & QIFFERRIZ, BAWOHEEIEIZA> TWLHEARFEETFIETT A
hbfwéﬁ%85bféi%@ﬁﬁa?imn&nyﬁnELQmum4$1ﬂéa)?,
PIX 34, QU2 OEMBRENRH -7, RIZITT—F DR T ORI, A—r3—
TLIUHHLELTWERERN 8 y Hbo7-. PIZLD L, T —F 2R DHBEDOIFOFFICHONT
1%, TS IERBRFET) L Wole— 72 S OLAMIRFICHREIIZ T T, £2ZCTPIET v
NA MOEFEOHFEZEL TN oL FH. (RBPIIKRFEESL, TOEEEICHKLZ.)
E LR A ME T s Lok, EHZTELEEVEE] T, Zh



ZP-Q-RIZEFEHDFETSO), £LT EE] OFTU), ELTHHV, &F 6 FED
EFHPS « PU - QS * QU + RS * RU)Z 7=,
B OWERIT AR D ATR-BAIC TfTi, INEkE & LC Marantz PMD 671, 4 7 & L C
Optoacoustics Optimic 1140 microphone 75 VN H 4172,
22. 75— FrRE
MEEEEH OHIG A L b2 57202, LR 2 BEOT v r— MM RSN - ()7 —F

BOGED L LTESEEDLWEARWE 5 S0 A ORISR 18, WmE#SE)TWOﬁ
5 (2) HHREHA. AAGENGEEE OLE, (DI 110 A, i (REESICLIEso
XIHDHN) T HHEKETI0S A, W&TS&A@%EfE@k??%EﬂEALk 1
EFENGEE OBE, (DIX38 A, QIFZD 5 bix%E T35 A, &P T 28 AOJLEAEFEDOK
FEANEE Lo, hEFERGEEE X ERRE A CH AR EST Ch o7 (I 7T A -
gk 15 A - BEfR1644).
23. BESW

B TE DEF L3 HTI21 Wavesurfer software (Ver. 8.5.8) & SUGI Speech Analyzer (7 =E%t) %
LAY

3. PU— hRAEDHER
T o — NEAEICBN T, HAGEREEEE & M ERE RS OB ORREZ L TR S,
WOR VI, Tor— FMAEOOHEREZEE RO TELEDIEHDTHD.
%1’ié&,ﬁ@%@o%bf%ﬁEﬂkﬁA(Oi@PS%B4$)®$W5®ﬁﬁ
rﬁ&J@FT%ﬁ%ﬂt A (mFDY PU-QU *RU) OFEHHELID BEWEWD ATIE
M EfEREE I HE L TV D,

K 1.6 DORIHHFEICHIHAPHEFEDOTMOTHR (5 RiER)

P A PS PU Qs QU RS RU

A AGERE 3.7 23 3.4 1.9 3.4 2.7

HE R 23 1.8 3.8 23 3.0 2.3
723, I APHEFEFEOEVHENL TS, F—FEDEY 1L LT, HAEN

FEELE DB OFESIL PS Nk 1208,
EFEFEHIC LD PS OFEREA (23 /) 1%, QU RU OFEREREFRTHD.
X, PEEEREE O HARFE LU
PA b &9 70 H W iEERE
HIZIF->&E V45, HARGEHR
X 1~3 « X 4~6 1T,

W EREEEF O FEIRE AT QS ° RS OFHFDEO.
Z D[

b bLT—ELTBERINS.
HEQDRERE L L, &
DREREREZ, ThETh

A uﬁ%m*’ﬁ{) e *BJ_ i E EE DEL

DDDE%& I:F‘. HDDE%‘QEHHDB




Good with custome
good impression,
relaxed, polite,
cake seller

Typ
sell

Lr—FDFRYFOFEELTO PS(E) -PUR)ITH T 5 B AEREEE O (B BatR).

Cute 10%

motivation
5%
27— DFEYFDFEELTO QS(E) - QUEAE)IZH TS HAEREEE QM (BHER).

less fashionable
nics,
%

ionaless

nc

1%

3BT—FDFYFDFELTD RS(E) -RUBITHT 5 BARFEREEE OFE (B HECH).



Middle-aged

Expensive
boutique

Unpleasant /
5%

Indifferent
5%

Not like a
cake-seller
8%

8%

B 47—FDFEYFOBEELTD PS(E) -PUE)ICX T S EEREFEE DTl (B HED®R).

Miscellaneous

Usual voice e
6%

Unpleasant
6%

Indifferent ;
el g%  Nofeelings, d 14%
= like a robot
A% 7o 9

57—F DFYFDFEELTD QS(E) -QUHB)ITH T HHhEZEFEFEE O M (B HECR).

Miscellaneous
15%

Unlasona hle

8% 12% 3% 5% 9%

67 —FDFTYFDFEELTD RS(E) -RUBIZH Y 5 EERFEEE Ol (B BECH).

M (S) oM 7 Z 7ok AR (U) X0 b EEMZREENROND E V) HTIHE, A
ARG (K 1~3) - FEERGEEE (K 4~6) 1T—HT 50, WHFIITENLH 5.

1~3 DEMD 7T 7% B~ 5 L, PSITd 2 AAGENGEGES OFHE (41 74£) o
SINRATEND. ZZTEHTF—FEOEY 5 L I ZAO DB N 2RO 88% % Lo (17



—F RO 5LV HEREEZLETHD] TWOEIZ)), RO RS - RBLE - %&b
T TEX - HEHI I DR 10%5H 0, FEY D 2% ZOFNr—FREICLTUTE
T EDL LN D HOT, FEKOGERRFCRITEN. 7258 QS R RS IELZ 5 Tideuw.

QS IZHRT D HHBFRIE, THEHLENTWS | LT Thbunn IR L) Ihdb
W] E Vo EEEICEL R RSN 45%), SENRER (MER W2V (9%),
(7051 720 (T%), T BTV (9%), [RBESKRZRF | (19%), [RRRB8HEN (5%),
IHITE TZ2hWV ] (T%) MiEfEE HD7c (55%). Q NEERIZT —FEDEY 1 TEHW

TWAIZHELDPDL LT, QSHT—FEDIEN FOFRL LRV, HDHWIr—F RIS
EHELRYFOFRELTOLIPDLIZRIFLEA ATk,

RS T3 2 HHFEHRICH, 580 FOFE LT LW EERMRA——BE, KT v
7iay FO5EY T (24%) Off, TR TWZARW] (11%) « THERO X 51 22%) Lo
TS ER 7R EHE (33%) 2N E £ TV 2, RSICHT 2 HHEBICITEEN 2L O L H D,
ZOHIZIE LT 8%) offt, ek (22%) « NEFRAMEEL (13%) LW\woiz, mOR
LIS TLEEDRNE DL B D, A— =D L I HLORBR UMNEN R 1T, ¥—F%F
L A= R—=DENEDITTICRS ZF LTZONE LR,

EBHOFN EE OFMNEWVIEWID, BAREGE IBURICKSELZL D ThD.
2TO U FGEITIE, THEME] RO X 0 ITEN VL [0 083) (PU 2 36%,
QU%7S 18%, RU 78 31%), 512 MERTWARW) TREKR] TRMEE Tok B [
Fi%) [K5bZZF5] (PU D 40%, QU 2% 66%, RU S 41%) LW 9Bk B shr-.

Pix R OFN, 73— T T 4 v 7 Thil (%), A—/"—HFETHIL (10%),
MEEDL LW R ESNAEME—OFB LT THD. oI THLTF) (1% v omds b
N5, ZHICH LT QU IL M54 Ly (15%), RU X (EBHENTWD] (11%) W)
Lk HDHN) TR-oTWD ] TZbw) (17%) LRFEITVnAS.

AUZKE LT, 4~6 DR LTV D DX, FERERFEGEE DRI PS & QSICBALTHA
mﬁﬁkiikém%%ﬁokmo_&fﬁé

AR D & 360 HAGEREEEEH 1L PS 2 B EHNIFHI - 2 - 7223, HIERERGEES
DY L 81%IT PSITKR L TEHEM 22T Z L TWD : T ES] 25%) - ThIEbH
LW TEER < rRy b L9 (25%) « BENTWTEW) (11%) » HERSL ) (11%) -
(REZR] 9%). LA, PEFERGEEGEE L —FEOREY L LT, PS LD H QS #7E
fili Lo, PEFERGESEE DS REOFEREZT TN H2DILQS THDH (K1 D38 ).

4. oI
A o EERE mﬁ%‘ EAHISBOE VR LTWADIE, SFA4ZHMICE S, [FHE
NRTVEAREEIC LV RARVED | B X ZLER TRV, 29 EXIEHEREE

ﬁﬁ%mﬁﬂgﬁﬁ i{k@ s _i@ﬁq{f% 5 . HARFERGE ol i:':ﬁﬁ‘ % H L/‘%Dj*< =% ED
DD L L’C”twang”fx?g (Estill et al. 1983, Honda et al. 1995) A3aFf < 710970 fli)5,
HEREREERE 1L FO O mfElzaE B Lo W BRGSO FO DIFREAR 2ICE L0 5.



R 2:6 DDORIHFKFED FO DEREIE-RIEME-E5-EVFiE.

FO Eah PS PU Qs QU RS RU
wEfE (Hz) 335 296 457 347 390 262
KIEME (Hz) 202 228 340 275 205 156
7243 (Hz) 145 65 117 72 185 106
By FiliE (st) 8.76 4.52 5.12 4.03 11.13 8.98

PS I, FO D& A QS (457Hz) + RS (390Hz) & LE_XTHIRIIZIKLS, 7 —FED5EY 1
ELTEHEMICIHME S 030. QS 28 [2vbunng TH Z ] & W o - ERIRHE 2 5% 1 <0
F DL, Kawahara (2016) THEXHLTWD X H I FO IEEOE S8 82 OF O
WThorlzdbltEILND.

AARIZIE, BOHROTRHGICE o TRARTED FORPRH L. £ 6O TSRS
HH IR ET L CADMED B D725 5 .

Bt

HERERGERGE ~DO T 7 — NAEICE L TR TRBE AKRDOZ KW INE#T5. R
FEFRNT B ARLTIREL S O RV LA BB 42 L 2 FF9E ((A)15H02605, AFZEfREEE -
EIER]Z), ENLEREMEFTOKENE 7T r Y =7 N X REETFOBLE D LT B ARGED
B L E] OFREZTATND.

S XAk
FpF=xU2r v« FHSEH (2010) 137 SEEEHRICH B L BB OMTE OFHE] #

E - EHEFZ () (2 a=r—var, E9752 57252 pp. 138-153. BT :
O UERE

Estill, Jo, Thomas Baer, Kiyoshi Honda, and Katherine Harris. (1983) “Supralaryngeal activity in a
study of six voice qualities.” Proc. Stockholm Music Acoustics Conference, 157-174.

Gumperz, John. (1982) Discourse Strategies. Cambridge: Cambridge University Press. [ 2 > =7
=X (FF), Hrbis e IR - JEIREAD - ARG - 4 BIESL (2004 FR) [FE
HMEMBATHDHREHS—T 4 A=A+ AT T V——] B0 ]
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shape to voice quality: MRI data and articulatory modeling.” In O. Fujimura and M. Hirano (eds.),
Vocal fold physiology, Voice Quality Control. (pp. 23-38). San Diego: Singular Publishing Group.

Kawahara, Shigeto. (2016) “The prosodic features of “tsun” and “moe” voices.” Journal of the
Phonetic Society of Japan 20:2, 102-110.
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1. [FL®HIC

AHEFK TIE, Chiba & Kajiyama (1948)IZ L 0 #2HE S 41, MK (EFKRT) NEEIC
VERE U 72 BB A o0 S 2 A IREESERIRIC K » TIN5 . Z OFEREAIL, 2016 FEE O H

BRI E A2 E L, TOBEAO—2 L LT, FEETHFZOAMHEBICZO
FOEARIAIEFICH CTH D 2 ENZFETF DD (Arai 2011 fih). FEHECAER L 72BN 1%
Kz Ip 2 A TFIET D08, —F L 772 VIM-T20 B ClE, AARGED 5 DORFENRET
EHROEDOMBEDLEICE > TELN TS, FEEFEZOERD —23E D ho kg
FHETHZLICH D, BB EH T I OFEE SR EAMORE THEBICHN TS, £
DM, LROFAMFORETH>Th, MHROFERMEZAES & Eoholigz
L IR X 205 TH 5. BRMICIE, 903F. TEECE=AEKO X EEW®).
&V EIRANZEAE LT VBRI DA 5. ZoBBRRIE = THHAD 1 BHZ0 o
B =508, Te=2 D AN HE ] LW EAMEE WD &S24 B HER L0790,
ZOBMERAEFMF S 7214, f=c/) 8L, SOICCABRBOEMEZEE L L, BOE
SLELIOBRICELT, o ENRHAETWT, ARV TWAES. L=Cn-))L )
FRYND) Tl AEL ZORBERBEEHLWEE UL FEL DR RV, FRIEKROHHE
B A2 HWC, A B SE, TOEBRICEE L EOREREHET 2 L. EodREA
SENNDHEE —ET 2 DT, BRI 2 SS90, BRI ENTHRO S & 20
schwa O 7 # )b~ > NI 4=C2n-1)L DFEAXOHBNSFHETE | FLRIEROFERA T
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F0 Contour Parameterization Using Optimal Regression Chains

Aaron Albin (Kobe University)

albin@people.kobe-u.ac. jp
1. Background
In a wide range of applications, both practical and scientific, it is useful to discretize an FO track into
a finite set of parameters that collectively represent a 'stylized' version of the shape of the FO contour
in the raw data. Such algorithms are used, for example, in machine-learning, automatic speech
recognition, and computer-assisted language learning. The specific case examined in the present
study is the automatic classification of a Japanese word (or phrase) based on its pitch-accent type.
After first providing an overview of one common approach to this problem in Section 1, a novel
approach that avoids several of its shortcomings is described in detail in Section 2. Section 3 then
illustrates the method by applying it to a test dataset. Finally, in Section 4, the paper concludes with
a discussion of promising directions for future development.
1.1. Mora-based F0 contour parametrization
One popular approach to the FO contour parametrization problem involves first calculating some
form of representative FO for each mora (e.g., by averaging across the FO points therein), then
calculating the change in these values between each pair of adjacent moras - each resulting change
value being one parameter. This approach is described, for example, in Ishi et al. (2003) as the
"CV-average" operationalization of "FOmora". While this method has proven useful in a wide range
of contexts, at least three problems can be identified. First, consonantal 'microprosody' often creates
unreliable FO information and may lead to distorted parameter values. Such cases are not uncommon
for [s], where most frames therein are voiceless, and for voiced stops like [g], where most frames are
often voiced but merely represent a perturbation. Second, the number of parameters extracted for a
given word is relatively small, e.g. only two parameters for a three-mora word like nimono ('stew").
Representing all possible FO contour shapes over the six segments in a word like nimono with only
two parameters involves a significant loss of information. Third, a similarly nontrivial amount of
information is lost by summarizing by representing each mora's FO with a single average. This is
most problematic in cases where important FO changes occur inside a single mora, e.g. if the FO rises
during the onset consonant and then falls during the vowel.
1.2. Present study
The following section describes an alternative approach to FO contour parametrization, called
Optimal Regression Chains (or "ORC"), that overcomes these three problems. With the proposed
approach, one parameter is calculated for each individual segment (rather than each mora). The goal
of this method is to extract a set of parameters from the FO contour of an utterance in a way that

preserves the separation between phonologically distinctive categories (e.g., Japanese accent types).



2. Proposed method
The proposed algorithm is implemented as a function in the R programming language that takes four
pieces of information as input for any given file: (1) the soundfile itself (in .wav format), (2) a file
containing FO information (e.g., a Praat Pitch object saved in plain text format), plus a matrix
containing (3) segmentation boundaries (i.e., timestamps of the beginning/end of every segment) and
(4) labels for each segmentation interval indicating which phone is contained therein.
2.1. Reliable vs. unreliable F0 information
The discussion above alluded to the fact that the FO information for certain segments is inherently
more reliable than for others. This information is built directly into the ORC algorithm by making a
distinction between 'reliable’ and 'unreliable' portions of the FO contour. Doing so makes the
modeling more conservative by avoiding using FO information that is likely to be influenced by
well-documented sources of noise. Recall from above that any token to be analyzed must first be
parsed into labeled intervals. Each such interval is classified as [+/- reliable] by applying two
'checks' to its associated information.
The first check involves cross-referencing each segment label with two (non-overlapping)
exhaustive lists of [+ reliable] and [- reliable] labels, both specified by hand. Note that the since the
inventory of segments is language-specific, and conventions for segment labeling can be
researcher-specific, this information should be prepared specifically for each individual analysis. In
informal testing, the following lists were found to be effective at maximally separating segments in
Japanese with reliable and unreliable FO:
Reliable: (1) Vowels like /a,i,u,e,o0/, (2) Nasals like /m,n/, (3) Approximants like /w,j/.
Unreliable: (4) Voiceless obstruents like /p,tk,ts,tf,d,s,/5h/, (5) Voiced obstruents like /b,d,g,d3,z/,
(6) flap consonants like /c/
The second check involves calculating the percentage of voiced frames in each interval and confirm
whether it falls above some minimum threshold. Even vowels can occasionally lack robust FO for a
variety of reasons, e.g., phonological vowel devoicing in Japanese, or utterance-final creaky voice.
For this reason, it may be wise to treat the FO information as unreliable if too many frames have
missing/NA FO values. The threshold itself can be set to any arbitrary percent, but informal testing
suggests a minimum threshold around 20% is effective. That is, if less than 20% of the frames within
an interval are voiced, then the FO information in that interval is treated as unreliable. (Note that this
second check can be 'turned off' by simply setting the threshold to 0%.)
In order for a given interval to be treated as reliable, it needs to pass both of the above checks. In
other words, it needs to have not only an appropriate label but also a sufficiently high percentage of
voiced frames. Any interval failing either (or both) of these two criteria is treated as unreliable. In
intervals thus determined to be unreliable, all FO points are changed to N/A, i.e. making it identical

to intervals containing 0% voiced frames in the raw data.



2.2. Creating line segments

Next, a line segment is created for every interval. The exact details of how the line segments are
determined depends on how many FO points fall into that interval (i.e., how many voiced frames
there are). In the majority case where there are 2 or more FO points in the interval, a linear regression
is fit to these points (with x=time and y=F0). In the rare case that there are exactly 2 points, this
regression is trivially identical to simply connecting those two points with a straight line. If there is
only 1 point in the interval, a perfectly horizontal (zero-slope) line passing through that point is used
—i.e., with a single FO value held constant throughout the interval.

Line segments are created even for intervals with no FO points - either from lacking FO points in the
raw FO track or due to being NA-ed out for having unreliable FO as discussed in Section 2.1. Since
such intervals have no usable FO information, FO information from neighboring intervals is used to
fill in the gap. If the interval in question is initial or final within the word/sentence token, the nearest
regression endpoint is copied to fill in the missing FO values (via 'constant extrapolation'). For
example, in a word like ki 'tree’, if the first interval (/k/) is missing FO and the fitted regression line
begins at 123 Hz in the second interval (/i/), then the beginning and ending FO values for the first
interval are set to 123 Hz as well. If there are multiple intervals with missing FO (the first 3 segments
in a token of suki 'like' with a devoiced /u/), constant extrapolation is applied across all of them.
Alternatively, if the interval without FO points is medial within the token (i.e., anything but the first
or last), the line segment is created by copying the values of the regression endpoints in the adjacent
intervals. For example, in a word like aki 'autumn', with missing FO for the /k/, if the regression line
of the interval to the left (/a/) ended at 234.5 Hz, the beginning of the target interval (/k/) is assumed
to be 234.5 Hz as well. If there are multiple medial intervals with missing F0, linear interpolation is
used to fill in the gaps. For example, in a token of deshita 'was' with the entire sequence [¢it] deemed
unreliable due to devoiced /i/, if /e/ ends at 190 Hz and /a/ begins at 100 Hz, then the line segments
would be filled in as follows: /[/=190-160 Hz, /i/=160-130 Hz, /t/=130-100 Hz.

2.3. Optimizing the junctions

The linear regressions described in Section 2.2 are fit on an interval-by-interval basis, in isolation of
the FO points in all other intervals. As such, the ‘junctions' (i.e., points of union) between two
neighboring intervals almost never match up. For instance, in the word ao 'blue', a linear regression
fit to the FO over the /a/ may end up at 140.1 Hz, and the regression over /o/ may begin at 149.9 Hz.
The resulting model is physically unrealistic since, at the moment of the junction, it implies the
speaker's pitch needs to be at two different values simultaneously. Moreover, by unnecessarily
having two parameters at each junction rather than one, the model is arguably overfitting the data.
The proposed method overcomes this problem by using an optimization algorithm — the optim ()
function in R — to determine, for each junction, which exact FO value would fit the raw data the best.

The optim() function is set to method="L-BFGS-B" so that the parameter search is



'box-constrained’, i.e. only certain ranges of values are considered. More specifically, for each
junction, of the two competing regression endpoints, the smaller one (i.e. the one with the lower
Hertz value) is rounded down, and this is used as the lower bound. Likewise, the higher one is
rounded up, and this is used as the upper bound. For the above ao example, the lower value is 140.1,
rounded down to 140, and the upper value is 149.9, rounded up to 150, hence the ultimately-chosen
best-fitting parameter must be between 140 and 150 Hz. The values used to initialize the parameter
search are the midpoints between each such pair of (unrounded) bounds, i.e., 145 Hz in this example.
In this way, in the set of parameters used in optim(), there is one parameter for each junction,
totaling to the number of segments/intervals minus one (e.g., 6-1=5 junctions for nimono 'stew').
Note that the very beginning of the utterance (more precisely, the beginning of the regression line
inside the first interval containing FO points, e.g., the beginning of /n/ in nimono), is not treated as a
free parameter. Rather, this value is determined based on a linear regression constrained to pass
through the [time,FO] point of the first junction (e.g., the junction between the first /n/ and the /i/ in
nimono). The same is true of the last interval containing FO points, whose regression endpoint is
likewise determined based on a constrained regression that must pass through the last junction. (Note
that the regressions run initially, as described in Section 2.2, are free of such a constraint.)

At each step in the search through the parameter space, the reconstructed model for the contour as a
whole is created through linear interpolation between the FO targets represented by the various
parameters. Each resultant model (one for each step in the search) is then evaluated in terms of
goodness-of-fit by calculating the median absolute deviation ("MAD") between the model FO and
the raw FO. Since the model contour is created through linear interpolation, which can generate an
FO point at any arbitrary point in time, the time sampling between the model FO and the raw FO is
kept identical, making it possible to directly subtract one from the other. Since sign (positive vs.
negative) is not important, the absolute value is then calculated for each deviation. In an effort to
mimic perception, the resulting values are weighted so that high-intensity frames impact the
resulting statistic more than low-intensity frames. (For further details on MAD, see Albin (2015,
pp-83-84), which uses the same method.)

The overall end result of applying the ORC algorithm is the matrix with one row for each
segment/interval and the following columns: (1) Label, (2) Reliable, (3) Time0, (4) Timel, (5)
Hertz0, (6) Hertzl, (7) Cents, (8) Voicing, (9) Utilized. Column (1) contains the label for the interval
in question, and (2) indicates whether that label is classified as reliable. Columns (3) through (6)
contain the time and FO ("Hertz") information for the beginning ("0") and end ("1") of the line
segment inside that interval. Column (7) represents the change in FO from Hertz0 to Hertz1 in cents
(i.e. semitones x100). Column (8) indicates the percentage of frames inside the interval that are
voiced, from 0 to 1 (0% to 100% voiced). Column (9) indicates whether the FO information inside

the interval in question was utilized or not, based on the [+/-reliable] and voicing threshold criteria.



Of this rich information, at a bare minimum, only two pieces of information are necessary to
represent a 'skeleton’ of the entire contour shape: (A) the 'Hertz0' value of the very first segment, i.e.
where the contour as a whole begins in Hertz space, and (B) the 'Cents' values for every segment in
the contour. The former likely indexes things like speaker sex and emotional arousal, whereas the

latter contains phonologically-relevant information about contour shape.

3. Application to test dataset

The materials used for the present test application were 160 tri-moraic Japanese nonwords, originally
designed for another purpose. These words represented three different pitch-accent types:
initial-accented (on the first mora), medial-accented (on the second mora), and unaccented. The 160
words were split into four subgroups of 40 words, each consisting of 20 minimal pairs: (1)
unaccented-medial minimal pairs (hefoya-hetdya), (2) unaccented-initial minimal pairs
(wakumi-wdkumi), (3) initial-medial minimal pairs (kézabe-kozdbe), and vocalic minimal pairs (20
pairs like dohesa-dohosa). Globally, the 160 words were roughly balanced for accent type: 52 were
initial-accented, 52 were medial-accented, and 56 were unaccented. 140 words were CVCVCYV, 14
words were VCVCV (e.g., ateyu), 4 words were CVVCV (e.g., meobi), and 2 words were CVCVV
(e.g., dotsua). In terms of segmental makeup, across all 160 words, there were 480 vowels, 154
voiced obstruents (including the flap /r/), 162 voiceless obstruents, and 144 sonorant consonants.
The approximately equal representation among the three different classes of consonants is crucial for
illustrating the effectiveness of the proposed method. These 140 words were read aloud in a quiet
room by three female native speakers of Japanese: two from Shizuoka prefecture and one from
Hiroshima prefecture. Words were blocked so that everything within a block had the same accent
pattern, thus making it easier to pronounce the non-words with the intended accentuation. In total,
with tokens from 3 speakers for each of 160 words, 480 soundfiles in total were analyzed with the

proposed method.

4. Results

Figure 1 is an example of what the output of ORC looks like, as applied to an initial-accented word
(as evidenced by the peak at the end of the first [e]). The top panel is the waveform, the middle panel
is the FO track (where thicker, redder portions of the contour indicate higher-quality FO information),
and the bottom panel is the segmentation superimposed over the spectrogram. The solid black lines
in the FO track are those created through regression. Since there are no FO points in the initial [z], the
dotted grey line over [z] was created through extrapolation leftward from the beginning of the
regression line for the first [e]. Likewise, the unreliable FO information during the flap [r] is ignored
and instead the dotted grey line is filled based on the regressions in the surrounding vowels. Note
that, on the whole, the straight-line model fits the raw data quite well, and the 'filled-in' values are

plausible representations of what the missing FO information might have looked like.



Time {ms)

Figure 1: Example of output, applied to nonword zémera Figure 2: Multidimensional scaling results

The straight-line model in Figure 1 can be represented with the following seven parameters: 251, 0,
178.2, -192.1, -576.8, -188.9, -722. The first of these (251) is the initial FO value (in Hertz), and the
remaining six correspond to the size of FO change over each of the six segments (in cents). Due to
the makeup of the test dataset, these seven parameters can be estimated for nearly every token. (The
only exception is the minority of VCVCV, CVVCYV, and CVCVV words, for which the parameters
for the missing consonants are N/A.) Setting aside the 'initial FO value' parameter, the remaining six
main parameters were visualized using multidimensional scaling, the output of which appears in
Figure 2. There are 480 points in the plot — one for every token in the dataset. Initial-accented tokens

are marked with black "I", medial-accented ones with red "M", and unaccented ones with green "U".

S.  Conclusion

The clear separation between the 3 point clouds in Figure 2 is a testament to the effectiveness of the
proposed method in extracting from the signal a set of parameters that maintains separation between
the different phonological categories in question — thus attesting to how the proposed method
successfully achieves its stated goal. This method holds much promise in a wide range of contexts,
e.g., automated analysis of hard-to-classify productions by second language learners. Among
numerous directions for future research, of particular importance is a systematic side-by-side

comparison of the performance of the proposed method alongside other traditional methods.
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1. Introduction

Voiced obstruents in northeastern Japanese are described as fully voiced compared to other varieties
of Japanese (/5 H 2011). In this paper, we report the findings of a preliminary Electroglottograph
(EGQ) study that analyzes recordings of 4 speakers of two Japanese dialects: Kanto and Hokkaido.
Acoustic studies of these dialects exist, but as far as we know there are no EGG studies that
investigate the difference in voicing between these two dialects. Figure 1 shows EGG results of the
token /higo/ ‘sticks’ produced by a Kanto speaker and a Hokkaido speaker. The vibration in the
production of /g/ by the Kanto speaker shows that the vibration almost stops, whereas the vibration

fully continues in the Hokkaido speaker’s production of /g/.
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Figure 1: An EGG signal of /higo/ produced by a Kanto speaker (left) and a Hokkaido speaker
(right).

Overall EGG results show that voiced plosives produced by Hokkaido speakers tend to have fuller
voicing than those produced by Kanto speakers. While voiced plosives are fully voiced in Hokkaido
speakers’ speech, Kanto speakers show more variation: from no voicing to fully voiced. Examining
the place of articulation, tone of a following vowel, and closure duration did not suggest any

interaction with the voicing patterns.

2. Method

Two speakers from Hokkaido and two speakers from Kanto read 40 words that include three voiced



plosives [b], [d], [g] and three voiceless plosives [p], [t], [k]. All recordings were read three times in
a frame sentence /kore-wa X desw/ ‘This is X’, where X is the target word. Stimuli written in
Hiragana were presented in a slide show using power point, which was advanced by an experimenter.
For the EGG recording, participants wore a two-headed electrode after applying electrogel on it. The
electrode was connected to the EG2-PCX2 Electroglottograph machine, which was connected to an
NEC Windows laptop computer and an ECM 8000 Microphone. Recording was done using Praat
(Boersma 2001) on a laptop computer while the microphone was held by another experimenter. The
analysis comes from a data set of 200 voiced plosives and 71 voiceless plosives. The voicing
patterns of the plosives were analyzed using the EGG signal. Based on the voicing patterns, a
number was assigned: from 1 for full continuous vibration to 0 for no vibration. Further categorical
vibration patterns were analyzed as 0.2, 0.5 and 0.8 depending on the duration of the vibration within

the closure of the plosives.

3. Results

3.1. Voicing

We first investigated the degree of voicing in Hokkaido speech versus Kanto speech. A cumulative
link mixed model was used for analyzing the voicing pattern, with speaker as a random factor.
Hokkaido speakers produced more tokens with full voicing than Kanto speakers (p < 0.001). This
result holds regardless of whether all consonants are considered or whether only the voiced plosives
[b], [d], [g] are considered. Table 1 shows the distribution of vibration pattern based on each plosive,
only tokens with full vibration (1) and no vibration (0) are listed. Voiceless plosives show no
vibration of the vocal cords in both dialects. In the Hokkaido dialect, almost all voiced plosives show
full vibration in the EGG signal. In Kanto, [b] is always fully vibrating, whereas EGG data of [d]
and [g] indicate that non-labial voiced plosives may not always be accompanied with vibration of the

vocal folds. Figure 2 shows this diribution in a histogram format.

Table 1: Tokens of voiced and voiceless plosives.

Hokkaido Kanto
full vibration | no vibration | full vibration | no vibration
[b] 60 2 54 0
[d] 47 0 33 3
[g] 82 0 57 13
[p] 0 4 0 5
[t] 3 6
[K] 0 60 0 59




3.2.  Voicing and place of articulation

We then looked into the effect of place of articulation on vibration. In the Kanto dialect, the
distribution in table 1 shows that the voiced velar plosive has more tokens with no vibration,
compared to the voiced bilabial plosive where there is no tokens with no vibration. In the Hokkaido
dialect, nearly all voiced plosives show full vibration, but two instances of no vibration were
observed in the bilabial [b]. The cumulative link mixed model shows that there is no overall effect of
place of articulation, nor is there an interaction between voicing and place of articulation in both

dialects.

3.3. Voicing and lexical tone

Both the Hokkaido dialect and the Kanto dialect have a lexical pitch accent. We examined whether
there is an effect of lexical tone in the following vowel in the degree of vibration in the Kanto dialect.
The model shows that there is no overall effect of tone in predicting the vibration in either dialect.
However, there was an interaction found between dialect and lexical tone. The difference in the
vibration of voiced plosive before low versus high tone in the Kanto dialect is larger than that in the

Hokkaido dialect. This effect, nonetheless, is marginal (p = 0.04)
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Figure 2: Histogram of the distribution of vibration in voiced versus voiceless plosives in Hokkaido. The

y-axis shows the number of tokens belong to a category: 1 for full vibration and 0 for no vibration.



3.4. Voicing and closure duration

Voiceless plosives and voiced plosives have different closure durations. An analysis of the three
voiced plosives [b], [d], [g] and three voiceless plosives [p], [t], [k] shows that the closure duration is
significantly longer by about 45 ms across both dialects for voiceless stops (p < 0.001). We
hypothesized that the closure duration may compensate for some neutralized vibration in the Kanto
dialect. We tested whether there is an interaction between the degree of vibration and closure
duration in both dialects using a standard linear mixed model with speaker as a random factor. The
model suggests that an interaction exists for vibration and dialects, but in an unexpected direction:
the closure duration difference for voiced versus voiceless plosives is slightly larger in the Hokkaido
dialect than in the Kanto dialect, but only by 7 ms (p = 0.02). This means that the difference in the

closure duration does not compensate for some neutralized vibration in the Kanto dialect.

4. Conclusion

This paper has shown the voiced plosives in the Kanto dialect show more variation when the
vibration of the vocal cords is concerned. About 11% of the voiced plosives show no vibration, and
most of them are velar plosives. In the Hokkaido dialect, however, no velar plosive shows no
vibration, and only two labial plosives show no vibration. The results of a mixed model analysis
show that there are no effects of place of articulation, a marginal effect of lexical tone, and a weak

effect of closure duration.



Appendix. List of stimuli
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| TaHae L= L S
T T T T T 1 T T T T T 1 n - -+
0 20 40 60 80 100 O 20 40 60 80 10( '1 0'-25' '30,_ 4('), '50,_65, '70,_8('),
voiced voiceless
1 REFEED DB/ B—LLER®) 2 FATEENLOFHN] voicing D
. ek i x
(He ) x t e x AT P moce) (ARMEXHE

3.2. ZITBEDL LDEH voicing

SEATRES > © OFFGERI 72 voicing (AT, FrfeAU A iR ED) OFFeReIcBI LC, mH (2014,
FIRIH) T2 bilkic b~ BRWERA S5 Z &2 L, 2 2 TIIIuUN (BEA)
WTOMMRZE, FLEOEFRRE =B U THERIEN RO 2N bER T 5,
2 [ IR R A IR B O FFe R 22 . A MR, A, 2 LTHRLGNTIR LD TH D |,

U PASHIX R HSE AT voicing 23 FFET D575 (FV) ICBI L Tl (RICFeE A P SR & L7
DX TT—H L LTHY ANTWD, R IREN R < el H T BRI S 2272 b, — 7.
%5t & D prevoicing & L TP voicing b % ORGSR e b AUXATREEIC OB D e b H D,



B2 #R2% & mEEFICEBWCUIA L S L IREITR LNV AR REICB W T
—HABRNT, EOMMRIZ EFRHEE IR R 8D LW OB RWEE 5, &tk 70
UL ETZTF 0 Z OB DD, ZAUTEEFE NS E LTz Aliett b o 5, MERIZEICE
LT, 2ERICEEO TR R RSN E S BFENR LWL S THhDH, ZOMmIzD
W 3 ZER (7R X HEAROXPER) D8 T, AN L HAUZ DWW TR 0.1%KHE, 1
BNZ DN TIE 5% KAETHEZDRD bl

3.3. FERXMRLE =
s (B FET) BREEOBHEE O A FE DT T
BNZBA L TlE, BEEEARF - #hHYE 1 (1987)
(ZIBUWN T IATREE (69 2 PHEHIX [ oD Fhs )3 7

. 0.9
—

I
i
-~
N
il
|._
HL -4
il

TECHD LV B S, B Qo 1 10— 4

R G, BISIRRIR O [T + BB o] B 8 voiced

FIE) IR B (IR, BISKREIRELLE) T

IZOWTEHIRE AR E<HEEZ LV 10'-20' 30'40' 50'-60' 70'-80'

B sZ L& HERDH D 2 & AR LT, ]

BOUNEER I & 2 n it b~k S| - o ° ¢

%73»0710::(& AN N = B =
DOAERD 2 LTT D, g S i E i Eé— [

n 33 bR, BISKEIRER A A, M S :

BIZ AR L C i L b o Ths, o4 L0 4 L T

AR BASHIX B L3R AT 7 3 < MR 5 O B - ° °

R D, WNHIFAZ RS &, 70— mf@i S e

AT, Bhedb EottRIZERF filiz=3 10000 A0AN BNLAN' 7NL_NY
%ﬁi&(@/\{iéﬁlfﬁf)ﬁxkﬂbfb\éo B3 FAHRRERLEE

3 TR OHHICIBNT b, AR & I (AT x 1 x Bk)

DNTIL 01%KETHEEDHER S ND, —h, HIlZ O W TR S vy (p=89),

HAEMIZ i%&ﬁﬁi@ﬁf@%ﬂ?ﬁkﬁf%ﬁéhk@%ﬁﬁ.ﬂi®ﬁﬁfiﬁfé_
AT OWTIIFRERHE 8 D WITHGEGIA LT E WO FHEARA X A VB LR S E 25
o, ZZTHEHLLAAR/ERBOSAOERLVICER Ly, ZHIZEA LT, 70—80 1%
BYELSNE, &7 —7 L b ER VIS AR LY FAEKERELENAMEIC R 5,
72 LEl (2014, HIRIF) THE L MOERIZEAFEC L D2 0MAORE X720, 2
AU W OIZ A BIOFRERTIE 30—40 1%, £7250—60 (XBHETH 5D, 72BAFMEIC X D010

F£ Y FV (X% D voicing XHD EDFEEE % Z OFATRE 2> b OFFERI 72 voicing, & 2 W IEEFEE O
prevoicing 723 59 TW D M ITIZ D B 7220y (TR /LF — DR & R HHEN T 5 ATaetEiT H
5)e T2 LIUMICEE L Cldd & 0 #5735 @ prevoicing 2MEZICE L TR IFHEINVWI & L
ELZOFV OEFRZST NGRS 2 & THRICHFE ORI A IHREIO 0T 3 8L <R 5720 20
Lo RE S LT,



FHHOBERINTHO /N —70OBBXZ 07~08 H7=012H v, ZiudEi (2014, FHIk
) oG L ITE-ET D,

70—80 R CTHASK MR RO SMEMAS MR~V 2 /NS <o TGS Z & I2o0
TITFEEEOD R SORBLEZONLN, HENT—2OREMEE LTy T E—LAEH)
BRIEGEOHELEZLNDNE LIV, BRI (1983) 1ZXAUX, REA SITHEAMICITY
TE— LG E TRV, BN RN E DS SN D BSN, BRI R % O8]
BIhb L), Stk FHiFHE L OBREEOME LTV,

4. FARMEOBRLESEDRE

b, AL SIZEWT, REOEFFEMICE L TIMAENEEST 2 2 &I LT
o7z, & LTAME TH LN HAGEIL, I X 0 HRAVRHS S LTE X 5 _R&E TRV,
LIRELI, 25 THL ETHIE FBASSOHWIROZE, $Rbbinii s & LT,
AFERE TIL FV & 72213 EPASEK M T A HIRE S REICR <Ftld b, EA{EE TR
L2 E W) IfEREVO S HRE Thoobon, BIfE, AFEE CHLHEXMETHED
PRI RN E WO BEFIZEDY D05 D EAD T ENTE S, FMRNT X DM E
WHERE LTz, ZHLb A BRMOMIBOBREOBRIC b BRI 2 LENH D, 72 FRrZ P IXH]
RHRICE U CIIREEEE (b 2 WIFHGEHMAEGE L WO AX A ) IC K 2 ELEZ b,
iR 2 A VOEE L T 572 EORGRENLETH 5, Zedsir < KBk, HL, fkHEWo7-
fLHUIBIZ DN T S ARG & [FRROBLEN S OMELZ TE L T\ D,

[#t5E] ARFZR I3 ETE AR E A B RS 12005 425 1 BIfER [ 21X b - 25 ] #F
ZeBhR% ) 1k &R A V., E£7- ISPS BHIFE: 15K16762 DAL 252 1 T TV Ed, AR
DO, MAFEKRLOAER LA e WEEEFE L2, B LTV LET,

[ 51/ k]
FRILIEYR (1983) TREARE. D E | (B F— -th (fF) [GEEF SS9 JuNHi D5 S, 207-235p.
EEFITT4.

A% (2016) [FElnd OER~OxHG)  [HARFSIEGE S22 119-11, 1442-1443p

R, ROD & CoU— R GidbBelT - B (EHR)) (1996) [H& RO FESHT) , s,

S (2016) [TREGE T SICRIT 2 AFREOEERMN - Tt TENLEREMFCT
sl 10, 159-177p.

HEEAT - FRHVE 7 (1987) [ HARGEGGE & PIEREGE OFEEIC £ 5 B AGE O MR i OV =ik
TEHEOFENR TRIREEE 4 RS amdE)] 24, 1-17p.

18 =k (2011) [ H AGEOREGEPHEH & OHFFE—V0T O ILRF /A0 &2 k] < A LBSHAR.

B =E T (2013) THFEZE Okl e AR OAFIEICET 2 F N2 — ) 9
HAGE] 18(HTI), 15-30p.

EH =R (2014) THFEEEOBTFAFMEICR SN A 2E] [THAREFERE 26 B2EK
&Rl | 165-168p. (FEFE AT A RO URL(2017 48 7 A BIALE)http://researchmap
jp/yearman/voicedgeminateWS/)

e B A (FIR ) e A oA BT 23 Fatorii ) TARSUR] 32, &
EH TN IN S B2

sl (2012) T 6 % REoE M) [RAREEHELOMIE] | 129-145p. 0> LEE.
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A ESHEICBTOBENERL—SEEHESTER—

BIER (FEEREE R
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1.(itbt

I S8BT 2B (LKL, RS OZ TR &7 DRV (-2 1988,
%K-Wﬁwm,ﬁmwﬁwnﬁémmzmzﬁa,ﬁ%ﬁ%@¢?%ﬁﬁ@%ﬁ%m
AR OER (ARSI ERE, SEROZ LY &y (82010, 2011, 2012).

E#T S OEFREIZR T 2 BE(LAEREOHIME, B oL Ron s, HiE
FEDE R L) I X > TG ENFEERVEE LML TS, FENHEINTWDHH
W TIIMHFERLHEICE Y HE L @EAHE VST TS ESNDEN, BEORA, WMk
IZEE SN2 2 SIEBEWT DN EEE R O D, FERICE B X b EEER O H
Wi LW ERHD.

ZEH - AR (2011) 1, 2030 RO E T S EEE 10 44102, BEE OR9E, ELW, i,
ZH, R, FE, ORI, FR AL, A, B, o115 &, E (RFEEo 116
@Ui%)%ﬁiﬁ,ﬁ%ki@¢%ﬁm(mé.1w% AR SRIE, HEE L CEDIE
2, R SAE1E80%, 92%, M Saad24%, 73% T, BMFEEFEICIB W TR TS
ST EOENKE., BMEFEOIZINNELY b THEICHEINIEMIH Y, =
NS ALAERRICEEB L AREME L H DA, FAERITEREE SHICHD L Ebhs.
BRE, TSRO T REMICEEE TR EN TR FIXE LS O BRERIC T
R FERIICE Z 0 I2< WA (8 2012), EREO I FEDOI L 2ENREI THDH. EHill
%, RO 11 EEEZ KR 7 2y b Chite &L RGOSR H, “icHOEMA LTk
DHEEMMSEED B 5. TS O FERICB W TER{b & %kt OF S HL O 513 LL,
LH, HH O34 L0 EEEAFEICE Z 01 < (82011), EROFECES{LA KRN

IR o= b s, TN HL ThoT- &L, FEITmETIIRS ST
MEATEZ BT D03, FSUTITNERREF DR RNEIZ DWW T DO F KB RWO T, & 18ILE
mEHTEOEL L THRALENIAATHS.

T ZTARTIE, B2 R2 5 THEEL XEZHATHL LY, 5 Li@miEs T
ﬁ%két%’f@&ﬁ@%ﬁ%éﬂ%%mk 75 Taete BiEE O B RS EE] ,wf DF
T, BEOMEELR CEREE AT, £, BT 7 & b CESLE & Bk oS
%ﬁHL_&%ﬁw:%@U T 7y MR D ERCAERERA~DOREL F/NRIZ LT, N

T, FEEDOSEEREND O, FFEOLHE CRER L LEEDO LD 6 2 5 H %[
5777~%%%%Lk

T EICBT 2 ERAEREOMNZEDT, ZOMENSHL bR 2ERE
15@mhmwmm$)kﬁ%ﬂéﬂ,ﬁ%T*&uﬁ%h%ﬁﬁ%%Lﬁ%%kkﬁéu

ﬁH



iE, TR EORERSEAEE L, Fl—=a—38— b (cohort) [TV THES(LEERIZE
ER72NZ L 2B T AMENRS D, —RESOFE TR I 5 R E) Dl 2 L%
HEET 5 BT OIERE] (apparent time) OHEEIEIL, R EZ RV EIXNEL
THTAT - T AT 47 (age-grading) & FF émj’wb)&%)@ TATTVAT 4T
FREME R HESRT DML E R H D)5 TH H. Rl EOFRERE R 2 L, EIicE/bn
A Hmiiﬁ#é@%ﬂ:, BAERBIUEZA Y - T AT 4 T LfRIRTE 5.
AREOAMIT - 2H 5. —2IF, RIS OELH BV CEFLAERRNHATSICH
RTENT LR, W EE ?%qu\m\ WZERKT D00, HDHWVITESELTWDEN
B L CTESEETICHGE L TWDL I EICERT 200 E, SitEmEBEEL THEL 2L
Thad. bo—20F, 1990 FRAEENOFE OERLAEERD, 10 FafcFHk, F5E
R ERGUAT o R (22012) CHERL TERNHDINERTRDLZ L THD.

2. FlE
21, FEEHELBEHFEINE

AL, KIRE 7T RECEENE -8B 234 Th D (513 4, 2ot 20 44, 1990-1997

FAEN). BEANEKE, 20174 1 I RFHNTITOALTE.
2.2. n*ﬁﬂ

FERHT, BUMEGEE (HEEY X R) &3E R0 02 fEHTHD. K 1 ITHGE
;ﬁ% EOEREZ Y. TROMPERLATHD. Kk, BHELHORED BB .
fil, FB v/, %l OREE DA - JEMREE /al E 213 e/, A RS A/ E T3 T S
Bt FE DHHEE OBEIE, BREEDIREE OH TIREF TV, R IO
R B WERIREOEEZ X I — L LTAN, BHT765E% 7 U4 Al i«tﬁm)XF
AL, HEEY A RO EEHZIE [1 2T 2K E)- T, H@OME T, Hio TEBECH

LWANMNIZEET X2 ICHARIZHAT ISV WO HERIDBH Y, FEOARLZ HIHTDH
A L7z,

FET 7By NI [RRFRT 7 ' ML (PH=2E iR 2002, fhEktiR) 2S8R L
=08, T&ET 72y b)) CEILBESMR 1960, HaUi) HBEIC Lz, B & %k
HOEN HL IS /2 5 5E%#EF, LH, HH, LLZ/2 25B2BATED, &L > TITHL ©
HEET HH LB D.

# 1 HEERFEOERE

ﬁéﬁ HBE RiEE EmE

e [EPAULE) EROUNEE) [pEL(ESE) EORUD  [ZEUER)  ETEEEER)
SHWNGER)  (KBUED) |<BUBUE)  EUKOGRR) [<&YEK) <FYE)

s 2PCOEO BDUR) 554 BoLE () |Che>(@WEE) 5LYsS (BOEE)
EHULNBMHELY) 2EHL 2% (#8) LWDD(ED) |H2EHi=Y 52L(EL)

g WPV TR OLEER)  |LAT(EE)  LobAER) (LEDWE)  LLELGHTE)
AETWE)  VAKER) [RF—L AD3(EB) |ATWCRE)  ALEFCRES)




B OCE T TZhiX, FADV/hSNE XD, HORELENIBLNIANL ENE
FECT) rEDL [ZTAI CBrEmEE) O 16 XThD. K2 IIHITHRICRD
FEOEBREE AR T BN T AN VEIMIZERICR o TS, TROMMES{LH TH
L. EFEmERET D (& X2 E8GT 5. R2IFEEFT O 29FET, fIZSCRO 1T
3 TE9d) 24|, [Tl TELA] A1R2EEEL, S LEZOEFH45ETHS. &
FINEROBRIL TR CHIRET 226 0 THA TSIV EHBETHEREZM L. 577
Ty MIGEEICL > THRERIZ R 256 b RN 2560550, ZOEESHTLE.

£ 2 WL O HEREL

s & WEE MiRE BiaE
WHE BT, =T S (BAED), 2oh |[Bedled (El), &
WIBE |55, DY, DhB, Bombi 2oH (1)

btLib, $oU, DY, ZLT, B5LEY, [FLT, TIEL =2
BERE |DALT, (F2&ELT, UMST, LA, #LT, A

& DE AP, TEE, TEE2

23. EEEHICEISITUT—F

BFEIERORINZ, A D FIZ2OWT NRORPLTH 227 23MEH 35 OIXBE I & B
DELLTTN?] ZFRLTUr—MeEmL. 77— MK TEH6n20
ZLTLEEW. lHFOEBEFHFICOZ LTLEEWV. | EWIHRRINH 5.

A FELFET & B #KT (MlHED) KALFET&E

C #KT (BRHFD) KANLFFET L& D BARDHITT LB 245 & &

E HMOLROVANCHEATHEENTONI-EE FNHKICHBEL TA U X ba—%%2tH L X
24. O

gk LIo BB I E BN Y 7 M AW CER{COFEZ W L. SR EIBIZE 2
WENBLNT, KR ANY ha 7 Z A B B EIR SV ZARBNRWIGE % (LR
HE L, TOREOHEEGEROERILARLRELE L (GB2011). WRLAERRIIEAT LIS
B U7e. BUMRSERIL, MERLd & BB OEHR HL 08 5 03, EF DRI L7

i

3. @R
31. ERL4ARE

FESL A BUMREE - 08, FREOIEICE R T L. §EEDITE A ER 20T i3Sy
FRu. KRR E i & THEZIZR LN O T (1(21)=0.2554, p=0.8009) sk & 4317 720>,

1 ICHAMFEE (FEN—Yay) LE (LEEAN—Yay) OfREFOTRTR
T RAORKRITHR IR, RTORDBITFEER TH L. EHE({LAEREOYEL, Arb
(B - 5B 41%, [3CF - §BH) 78%, [3CFE - UK 100% Th 5. UORIT 16 5T~
THEFL L TWDOTEH 1 TIEHRIED 100% DA ER SN TN D, BRSEEE & CEOFE
HIZH LT, RSO H D tREZIT -T2 FERIL, SCEOIE ) NEMREEE X A EIc s g



FERAE Y (1(22)=11, p<0.0001) .

AKFm & Z2H - AR (2011) OFERZ Y THEE S 2 &, [3CE - 35H) 1%, Z2H - K25 73%,
KRGS 78% TIEHIZ LAF%@-£¢Ji%m-%ﬁm%,$ﬁﬁm%f$ﬁmﬁ6ﬁ
B BER L2 L9 1E, 2 - AR (2011) OFEEICITREAT 7 vy FCREE S NIZGE

ﬁﬁmﬁt_@%ﬁw@,aWﬁ?ﬁt/%T%ﬁént%émﬁ%mﬁE:Dm<w
FENEHEEN TS, ZOTOARFE D bEFS(LAERENMEL ol Bbis.

AFR OB 828 15 (23 44 X36 38) D95 b, HEFE(LI & EHHAOEMA HL THG S
NIEFEIX 79 61T, 2B 3 BIRER{LL, H2 HL OBEOERLAREIL 4% TH D.

TR U TR bR L B OB IS HH, LL, LH O%A 0 ESLARRIT 45% TH D
(749 1D 5 B 334 FINERAL) . A =—Y OMIEZ W= I A /BEEIT - 1255 R
B2y HL OGE LT LS O5E L 0 R LA RN A BTV (x3(1) =47.6, p < 0.0001) .

100
m 80 1
Ik
w60
e
& 40
%
20
0
A= 23 23 23

Bijh-FE XE-FEH XE-XXK

1: BIERE (FE) EXEGLERE) OEFLARR

HEREED 5 bF-Eh, REEHFRIGEIEDORGIZ L VAW L, Al T 50l R DR
T5. X 2 IZHIETENRRZRT. Ao [30E] 1, B — BRERYE, BEEE
FICHEMY T DREN 72N 7 T 7 I3FRR I TV, BINEEE & SCEOWT L AL T
TENEEEE OSA T ER LA RO TRV, BEMIEEE s T — B8NS, B —
BE, BRESE — PSS OB LARRSHEANICE OO, 2 (2012) EFRICHERTHS.

100% 100%

80% E80% : 80

60% ' ] 60%

40% | | 40% |

0% : 20%

0% - ' BAsHE L BASHE

| 0,
s

S HFH TR
MRS R

BigRE o

FERE N PR 12 iR R
wRE WEE ) & -
EHTE EATE e L

B 2: BEMRE () EXER) DR FENERLERR
3.2. %Eﬁ%“?&‘ﬁ
(ZHFE DY CRATE I £ 23R AU Gh@gs) o &b 5 (E7idmdy) 2465 %
FRIZT 2 — FORERETRT. ML TEESKAN LGS U T E73AR 2 5H (A/B/C)



TS, Y N EIIANRGE (D/EF) TIHEIERE & W S W5 T B 2ME TV D

LEAD. LL, EXRF O XD ITH@EFENSHIFF S 2 51 T 6 B 2 3R L 72 A2 44
ZEZTEY, ARGEIZHT 2 LEFHE~OU Y #2507 L ITF VT2V, D DA AL
DHICT VB 2T 5T 7 I v 7 7e5m T, LEFEOBIRNS R LB L TV D.

= o= = BHFEFF

= R I

WA

ARIK BBIFERA CRBEAKRA EBEREA FNHKAYHE21—D JLEY
X 3: EBEE#ICETHITU—F

33. a—FhR— FOEFILERE

B 4 IZAFROFER (2016 FEHA) &, 10 FFTCHE U< 1990 R4 ENOKRIK - el
B DOFEE 23 AT T-THEORER (2006 FEFHA) 277, 2006 LA DI
R (B 2010, 2012) 1%, d@FET 7B FEAEBEICLTWS. 72, FEOBOETR
IZE M1 >3 2RE)- T, é«)ﬁ@%é“(“ WOHED LI, BRICHATIEIN. |
DM, ELohEFE AL, HEBETHRENLCRENRD Y, A& ITHEFETED
EWRD D, PR M$t4d12m6ﬁgﬁﬁﬂ4ﬂéZM6$EﬁEﬁ4HFQiﬁ%
ZITRRD LR (1(44)=1.23, p=0.2254). [Fl—=—a&—F (1990 FRAEFH) OESLA
LT 10 FOHA PR THOAEREIRLONT, BAELAEERIIHERF SN TND L E2D.

100 &

80 —_—

60

i _—

0
BHH = 23 23
2006 EEAE 20164 ERAE

4: O—R—brDEFILERRE

8 MRS IR

4., FLHEBR

wwiﬁ’kw-ﬁﬁ AEEN, TO%LEMTE S Lzt &5 ORRERS 23 4 & %f
B, BEOESIZONT, FELIEELE TEOREDEND DG Lz, AT,
E%f%@ﬂét WCHRFE O CRATE IR & R (FHERE) O E L L EME D hemiad T
Y= b ER LT S DI, ARRORER L 10 FRNTIZIERRO 7k TR R 2 i L,
Al = —R—k (1990 FVEFEN) DOEEFLARRIIEN D L0 EFH~T
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S L5 JHE m$t41 HRGEE (55) 23 41%, 3 (QLEEE) 73 86% T, JHLi@EsE T
LI S OB A IR TEFS{LARESFRICE V. BIFHOCEITIIICRIC 17
R, v A, /?J@l6@ﬁﬁbfwéﬂ,_ﬂ635@ﬁ*M$£4 100%, Zi5 3
:%@mt ATH 8% THD. % (2010) (2L, RS H LD E SiL 5 HK

LA ZRITTYE 60%LL |, HAHFE O L 5 ICEALABAINICE Z % & S5 ik
F&iﬁ$@1ﬁ8%&kﬁﬁ AEOFEE 7 V—71%, EEGAERRICE LT, LiE
FEREN AT L VD EEZD.

SREEMRICE LTI, FESCAAN EFETRAMIZRGE TIXIE & A ERBEERE TN,
SRVWANSHITATHEEZNTHND, NHK IZHELA VX Ea—%2%21F 5 Lo 7281
&%@’ﬁwf%¥ﬁuﬁ@kiﬁﬁﬁ%ﬂhfwé elZL, HRARDHEICTTLE %
TN ESHOR S (GEiEEE) 2RIRLCBY, THT7 I v/ RGHTIIEEXS
%@iohﬂkm%%ﬂﬁ<@<iofhé

R MRS MEiﬁkiﬁfﬁ T AR ERET D E, SRIOFEE 7 V—T1F, &
FALIZBI L C, MlEEBIIEEE 5728, B LU GES RV EWV I RMBEFENT ER - TL 5.

éfﬁ%ﬂ$ﬁ3w$~%@ﬁFM$@$mJO¢@ﬁH%ﬁf%ﬁ%&%iﬁ%ﬂf
TGS OHEE RN EHECAREOHINTBERENE(LE RoND. ZORRES5E
BAbD S FA—TFT MY TR, LEFEOYH TIEA % b A LA E N BN
LT ENTREINDN, £O—FHT, BRICHLEELMHH L2WERSRENL, S
LAEREROHEIITRIA DI, TS OFF OEF(LERRNEMILEL S D OIEH

WZILEFEDORETH Y, ERkOIER TS OESIZITR O WRETH S, HiEiE
b, SEEREBEL T, IR SOES(LIZOVTE, 4% bZOBMMAEHSNS.

HEE
BFEIEOBIC S S o OB S £, BEHTIRMEED Y 2 h— ISR
P E ST AERZOME TR S L FiF £+

SE R

ZIEEIT (1988) TAARD 8 #MicH T RS OS] [RIERE & 1 KFimtk] 25,
1-10.

SBIERT (2010) 5 Hulsilc B2 MR LA R OERIZE L) [ B AZEOMISE] 6(4), 79-94.

i@@i@mnfﬁww"fé&# DEFE) [EFE7E] 152), 23-37.

B (2012) T B ARGENRES O A L—3GERE S L OFFE L U C—) 200, B
R

FEARTET - Ml (2003) [HEGS LT SICBT 2 E\AE o) [EHEE] 7(1),
58-69.

ZHEE - ARET (2011) [BARGESEF IR 25 A {L—RE A B AGESEE, BT,
I EaE 2 RIc—) [EHEMZE] 152), 1-10.
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C4

L5 7VEDEHLEY / VT (BEE
DHEEHERS (HASAIHRIE - SURSHEREAY)

yuma.i.86@gmail.com

1 FU®IC

LI T7VEE (A=A a7 Y TS LR, ¥4 - 74 R) OFEHiX, FEH (major syllable)
L EIFEHE (minor syllable) (2971 CEB S T & 72 (Rischel 1995, % 2014, Bitscher 2015), I @
ORI EE 7Y T RO SEERA, BicA— A ru 7Y PEBEoRRIC L S B Ss (cf. Jenny
& Sidwell 2015), &7 7V GEOE A, Bl 1 O THRER S DEIEHE & 7% 5,

€)) hn.ta? “tail” (Rischel 1995: 261)
kl.durh “uvula” (Rischel 1995: 276)
tr.nek “hummer” (Rishcel 1995: 324)
FEENIAE P E I Z O, JITBl ) 2, —/7, RIEEIZ FEPEHI%E2 . 263 5
T T 5, ZNZTNOEHOREZzR1ICE LD 5,
=10 T L R
B Hit% Bl 2 BbE

EEfll RS H
RIEET 5 FHE IO i

P (2014: 43) T, EHEHi L BFHOREERE 2. 27 7 VEOEHI Ty L — 2K 1D
IR L, FEHERIEHOK{S AT Y MICASZTFEEZE2, 3D ICFLEDHTVRDE, BRI
B BT & F, PSS L BEESOM 2 &0 HRETH 5, THRHBIAAEZSHI NG,

(Rl i) B0
—_—— — N ——
C_2C 1 C1(C)(C3)V(C)

B 1: g (2014: 43) OEHiMEET > 7L — 1 (% E)

R 2 FEHOHE T EEGEOH] (P 2014: 47 & h —HKE)

C Co Cs i

HEE mAE - pre? T A7)
FHEE S - hme?  TH L\
P A - ple? F9e
PHE & - PERE  pye Ch A7 o—fy

BE BAE - mrek %5

S - mla? FA

B - PaaE  myy =
FHEE EAE BEE gwee T
PHEE MR POEE  klwen  TJjImAl
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356 (PR 2014: 47 X b —EBekZs)

st
w
ol

i

Bl

0
o
&

S2%  smbep I

% mmbah "I
EZE krpo? MR
e klmuy T

EEMRE
I O v I
I Of O O

CZETORREZRE TN X512, 27 7VEBOFMICE b3 BIIEMTH . X b HE
iR RO 5N T E X,

ARgcix, TEIEE ) 2 78Eh s U CHMIR L, /-8 PEE (infix) DIRZBVEBIZT L L
Ik o, Hfize L ORISR T 2 HE2RET S, ¥, ZOERPOSHSLERDZ LT T VE
DY 7T 4 BEOFIZOWTHHL %,

2 TREISHE OB®RR

LS5 T VEDERT — Y R—ATH A (2017) 2o, TEIEH, 2&tE% 63 MHL -,
e THIEHE ) 235me LTHBERL, 2BLX0PUTDRITH S,

x4 THIEE 260X

e B B

CC- 0

CCC- 61 smbep "1, rmbah ", bnliy "FHRD ., prpip T(HIE23) Jive .,
spker ")), srbok "i#ffj. srkey "; #y. srley TH# . srmal "3i). srBot
M5 i, crluh "2 LiATr ), drmo? A ¥ F O, drthay 77—,
gmtak "G 5T 5, kndwl iy, gore TA—7") krlaj TREE. FHE.
krwec 15, hnda? "i#v> ), hnta? "2, hory? TEOAZCH: ). hgkok M.
hgke? "5%: =, hygik '2>(X5 % .. hrlah "#< | hrlig "'541% ;| hrle?
M9 4, hrloj "1 % ;. mrak "#fi;, pmuuk "85 ;. kldul "KV> ), kldul
M40 #k,. klkil TS, Kklcol "I, klmuj "%, kndig "%, kndo? "R
. krbol "%, krlap "X K, krpo? "fifi)t:,. krpel " & AlF . krwac
M. krwee "5 o8& < j. krwen /1A, lmba? "4, lmyor "D —
ffi;. pmpo "5, prgar "EE< ;. prlwh "#%% ;. mgap "%, thldil "%
R, thlkal "H%Z,. trbe? T3¢ trlak "5, trlam pam " . trlag "€,
trloh "##,, trluh "77D—ff;, trnap "KZE >, trnek TH8,). trnwj TH ),

CCCC- 2 krkrwec "5 >4 < j. bmbwaj "I

CCCCC- 0

at 63

TRIEE ) 28t L INBBADNIT% (61/63) 33 FHEFHTH S I LT o7, 4 FHHE
felE 2 BlDAT, £ 6 HbEENERL T 25 (kikrwee 51 >8E < J, bmbwaj "Ik, : THEEA
BEEH), MA <, THIEHE, L3Nz, 2 FEEfi L 5 FEEfRIEAEEL R EHHS
Mo Tz, 5 FEEFICOWTIE, P (2017) D2 TOEEOPICE W THBZE IR 5T,

SF 0, THIEHE 28503 (EEZ2EEHZRE) T3 FEEkths I L3005,
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3 EHRFEOIRDEV
Lo TYEICIIBERENEET 2, Z200E2012-m-23H %, ZOBEPREIIFIEICOWT, Z0H)
FNCBE T 2 HEA R IRESE D, ZOBEFEHL, WO EBEL RO, ZO0MmiE, EROEHTFE
(onset) IZ Xk > CTFHITTRECTH B ({1 2014: 57, Bitscher 2015: 1009), #l (2) Z R oz, A
FEHHPMOL A, -m-0 T EORITHFAIND, EAT2 AU EEROLA. -n-DFEiio i
IHAZIND, ZNDNOTFHEGEOSE., - T EEEOBICHAINSG, k., 3 HEkichs
hREBFREA I N ML, BIEIN TR,
) t-rn-ek "HE) vs. tek THIC
jn-rak "Hfi; vs. jrak "EZ%H<
k-r-wac ") vs. kwac i< |
HHLZ WD, ZoBERRHC X - TRE L 7203, SBROETFEFORICEHL ST, #4679 3 15
W BN TH D, ZOBEIR THIEH ) 280 ERABE T3 i Ttho7 2 L EFET 5,

4 SEBEDBETIVE
P EFEcoiimcbhrokl i3,
3) a. TR 28008 97%5 3 1kt
b. 4 FEdkiiE, EEDPBG L 2 flo A
c. 5 FEERIEE I N
d. BEhEEm-ic X D IRAE L 72 Bald, FEROBEFEBUCED 6 T T 3 i L 72 5

IDIHba bd. 2Fh TEREH, 2&BR P m-Ic k> TREL B0 TH3 F
M E e 2 HFEF, 27 7VBICBOTRAEFZFEEIZ3 THLIEETREBLTVREHDEE
%O

v I

4) a+d RAEFHEHEGII3ITHS

PlbEns, K1oEfiTy 7L—F2b ) —EiHiL <a%, £, K17y 7L —FTld, &
KA 5 THEGc 22, L, FEBIZS Flftidfgsnd, K 5hiE 3 &
EzoNblkd, AEYITHL, £, 2D 2 AT L IFH L V) oMo S MET S
B2, 7REy 7 TH 5,

COMER BT 27010, ARTRFLICK 2D L) hEgfiTy 7L — b 28ET 5,

CO(OV(O)
B 2: ARORE T 2 Efi7T> 7L —h
20TV 7L — Tk, TRy 7 ThoEIEH E EEHOXMNEZFEL ., £ 3 TE

MR TH 5 2 L HIMETDH 5, k. HEDHEG T 25604 4 e 2 iF 9 B3 iliEIc
HErI LT 5,
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5 Y/JUT«KiE
EZAT, AT VED 2 FEER (cf £2) 6. M30Ek5%Y /)T 4 BEE2ERTE S,
3CIE. PHSHG & BB ZIEY. B2 LNEE2RETELCELEDTH S,
HES<EE<RE<EIE<#8E
B3 /954 HE

HLOWEHT 7L —r2b L, A9 7 VEDOEEZHTHE, INECEREE E SN TE
BRiE, V2 VT BEICET IR EERT 2RI 208 TES, VT 1 BREIGER
T5HRE, BSITRT4HEHIBONDE Z L3027,

&5V /)74 BREIGERT 5T

PHEYS &% FH#E  smbep T
e Y [HEE  rmbah Tl

BHEE Wy H#EE  kpo? (ARG

PHEY Wi 2% Kklmuj &,

F5F1HOR3 LRSS 255, %5 THIEH ORICHC FEETALRTR3I LD Y
BN —IL7ZEE A%,

ek, (HRMISERSNTWIEWR2>7bDD) vV 7 Y 7 4 ELFIEHE (Sonority
Sequencing Principle) IZft> THHEIZED T, 207D, V /2 VT 1 BRI T 2855751 TEIE
fili, &L CEHICRET 20EBH >,

AROIHCTIE, L7 7 VEOEHNY 7 VT 4 BEIGERL ) 3525, ZORH, TRIEHE)
RO HMEN ) FEMEO T v 7L — P2 ML TE 2, AT, FHEREZY ) T4
BT 1 ME 97 2 i & OEICT 2 Sl 5 2 T, KD IR THHL O BILMTZ B 2 LAy
P,

51 FFRESZ2CFEER

V7T 4 BEGER T 2RO AR, AMEEE 2 SO0 a2 525, A1

PSS 2 HIc& e CVICVL-DIEA 2 HTa 2 (Bl5), ZHid, Vi & Vo DEIFIC—ET %,

3) ba?a? "I T\w 3,
ttu?ur M=\
Io?ok Tl

2F ), FMEEEOERORNE V ZTFHITEETH D, FHEHNTIE R W EMRIRTE S, LKL,
CNETY VT 4B T 2EHiZROTOihrolld, SHifEEDT v 7L — Mt > TR
WL, PHMEELRHETHE V, bEHEINTH B EEZTE,

AFETIEY 7V T A BEIGER T 2EH%22L 7 7VEBICRD, 20, ZnsoEXby /)
T4 BREIGER T 25 E LGl & 5, PHIABE ARSI, V /U T 4 BEERKORETHILS
tEZoND, LoT, HHENEFERZDTD X I2kD 5,

6) ba?a? — b?a? BN T\ 3%
ttu?ur — "2ur TE v

lo?ok — 120k Tl
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Bl (6) &I X%, FMEHEE 2 & 2 TEEH & RN L 72, REiORgICIBR7z X9 i
VU7 4 BB FEEROBBZICEOWTEDTH S, FMAEET 2 &0 % 2 i &
RN L 72720, ZOMPUTY 7 V) 74 B E2 522, D% 0, HEE-HMPHERE O %
REDOREDVBEND Z L6, V /) T4 BEIGERT 2 FHEiThH 5, 2 LT, HMPH#EE I
V)T aBEICEWT, HEE,L LML T, HFEF LD SEWEICHE EEZ NS,

AR <HEES<REE<RE<EEE<8T
R4:HL\Y 2T 4 BEE

VU T 4 BRI oW TR U 72 Parker (2002: 225-6) 12 X 4Ud, HEEED MRS 13 35BS A
IR L HE S O T OREE RO, V) T 4 BENONED I DHREETH S E LT3,
Zh Z, FEMEASEE X, SEEIC ko TV 2 ) T 4 BIENOMED % 2 W HgE2 b . FAFIEHEE
DHMOBER L L CGHOLN L FIBICE T 2R SETH 5 £ HIBRT 12

L7 7 ) EEIFFEFIPAS S 2 o B FE L L TFR> (Mz), it7/0745@W BWLT,
FEMPHEEE S EE & DIRWALEICH 2 2 L3, Ao 6 ne 5, FMEHEDY 7 ) 74 B
JEOMEMNFICE LT, &7 7Y EBRENNICEERRT -2yt Bbn s,

6 DI

AREOIWHIMUDFEE, FIcA — A b a7 PR 7 LGEIROSFEICISHTE 2 n[ggtkn’d 5., Hi

ZIE, 7 L5E (A=A bu 7Y 7R LAFER) 1, 3EICRAERH-m-OR SO EFU LI
RZ 200838315,

@) 27 LEE (Svantesson 1983: 96-7)
p-rn-aam ‘trap’ vs. paam ‘to set a trap’
p-r-lis ‘plectrum’ vs. plis ‘to pluck’

Svantteson (1983: 12) 13 7 L EFED n%ﬁuﬁ ”kiﬁ%%ﬁ%tfméOX%@A?7U%®
SRR, 2ol LIicEHizildcE 21 H 5,

7 F&O
AEOTEZLTICEED S,
8) o L7 7 V)iEDEHENT, FHILVERE T, RAHE FHEEGIZ 3 TH S

o VU T WBIEKRT ZEHEIZED Uﬁﬁaz DX EFET LI ENTES

o%ﬁ%%ﬂuA?70%®7/074%E:ﬁw1 PHES X DRV AZEICH B

o MMDEFE (FRHZA—A M 7Y 7Y LFR) ICAROOTBINH TE 21 HEE»H %
&k

Bitscher, Kevin (2015) “Mlabri.” In Jenny, Mathias & Paul Sidwell (Eds.), The Handbook of Austroasiatic Languages.,
1003-1030. Leiden, Boston: Brill.

PIEMENS (2014) T2 7V EBOSGEAr v F 1 THIBRIF S EERdibinsEy 6, 41-72.
REEERS (2017) T 9 7Y GhaBseses AT
Jenny, Mathias & Paul Sidwell (Eds.) (2015) The Handbook of Austroasiatic Languages. Leiden, Boston: Brill.

Parker, G. Stephen (2002) Quantifying the Sonority Hierarchy. Doctoral dissertation, University of Massachusetts
Amherst.

Rischel, Jgrgen (1995) Minor Mlabri: A Hunter-Gatherer Language of Northern Indochina. Copenhagen: Museum
Tusculanum Press.

Svantesson, Jan-Olof (1983) Kammu Phonology and Morphology. Lund : CWK Gleerup.
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B

L7 T

FETCIE, HTE (onset) ERTHE (coda) DIERBEL L7, WL IRT, HTHICIX 24 DEE
ZHD, KFFITIZ 14 0GHEZRD 3,

| 6: P -HDOHER

s ¥ MOE RO A
PHSHE  p t c k ?

b d i g

ph th Kh

b d
BEHE s h
B5Y% m n n )
BAG r
GRS 1
BEE ow i

R7.ATEOHR

W ¥ EOE R AN
PSS p t c k ?
EEE h
SE  m n n )
EAH r
ilTiREs 1
oy w j

REEICIZ 10 DEFR 2RO 5, BFEORMIIAIITR G,

= 8: AHEDHER
HiT BEAEME  BE/ME

B i w u
e e ¥ 0
FIE e A )

N a
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Cb

HHEEICEITAE—SDMEDITOBELE—F 2437

A— - JVRAZVIWMERR
PN
1. LIz

20 AL IEAIL T SHOERICKEREBEL 522 D OMGEEEAH LT,
FE—TLE—T - HAILTTHD, WIEE TV - FHIME - GEERRREEF
SEOEENE G T D R EZ BT A0V b R TE T HFETH DL, — . BE
TEEL L THARBEORMLEEOME LOY XAZHIAT H57-DICHVWONTEZHETH
Ho ZOWMMAEDE—T OMRITHIUF U O X FBOBRINOEHINTZ L DT, TOEE
FEAFHOMEEN S BT A HIME Y U v iEOHE LD Y X AICH L THEEOBAEID
R LT 22 AL (timing unit) & &N b,

=T OHGENBUROFF SEEOLHRICIY AN S TNG 4 43 3 Hifdbl E2SRE L7z
B, ERICEAL TREDPEBY T oNTE T, 2OZIEER ELOROMETHDS GE
MIIX Fox 2000: 46-50 M) , —FH., E—7F « ¥ A I U VIXHEREEZ AT HRHIMA Y X4
EELEWVWIFTH DN, FEIEMIEDORE RN D DEIEITEE iz (Patel 2008:
119-122 M), £ LT, SHEICRO 2 F- AR RB Sz, Z OFH TRty
Tt FORFFETHORRTII R, BESHOH L OFHIER (FHigE, 727kt b
DHEIE DB L) OFEPE/NDOLDORE—TF 44 I 7 ThdE LI (Dauer 1883),
ZOMAFICHESE nPVI 2EDETVICEHLAB YA AIZES (Ramus et al., 1999;
Grabe and Low 2002), WTEDHFHLFFLEED Y XLDHBIIZEICE S L, SHEDY X4
FERFEITRILT 2 b O TIEZe W & 5 FiE (Patel 2007:122) ROFHITKIL T H L) =
7E (Jakendoff 2009:198) & .55,

ZDOEITE—T « XA IV T OHGEERREEECEERERS D L0 B % T 5, 2
23, WY U FEOBRLO Y X AFEESTHOMATOKENERTH Y, timing unit
& LTCOE—FIIR LA T 2 BEOBIEN2AIE SIS T E e, 37205, Jakendoff
(2009) ERET D L O ICHEHNFED Y RLORETHDLETH L, HHFY v iEOE
— T DOMEEE—T XA I VT LEZ EBRN T EEAEANTZ LD, 2,
Bloch (1950) 1% H AGED HARFEFHIT L CTHER AL OBLENGE—FIZE XL LTV DHD,
FREEEHEOBEDLY OFTOE—T DAESIT E VIR OBREBE 2 DEmIIITORL T2
Mmotz, I TARBERIL, BUDNRKEITAEAELETHTXFANTHHLZ LIZEHLT,
WY v FEOELTHEEINTZE—T OBMEIZEE &5 timing unit OARZIZ DWW
THERFY U BB RIRBREDHEAFETHEINDIENRA Y FOT = —FFEOHELDO Y X
L (FEJCHT 1500 2 HALITHT 200 & S D, FEMIE Macdonell (1900) M) % FEHERR
Gk DB O HBREE AT O 2 & BT
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2. BEEESHEYLE—T

AKEITIET 728 FEFELEED Y XLDMPBERIZBIT HE—TIZONTHEERSE

FH R OE DB OIIEE D FERE RIZOW T LD,
2.1 77y bEE—TFDMIR
CPERKGGETIE T 72 Ml 1 =58 1 2R, EREKEETIET 2t Ml £ 2=F

i 1 OFEFNFE R S D (Trubtzkoy 1939/1969) , HHiIC B2 2 FlAH O JEA A FH EEHEE,
(syllable—counting vs. mora—counting; phonetic vs. phonemic syllables)

c Ty MED S H B IR E B & 2 RIS L, Ty Mz L E LT

T %M, RESHNOET—Z8IIT7 7y MRS S®2 & 1 & Lz,

c ZOT 7y MiiZRHE S E— 7% L TR B A2 3K D BFEE T T8 kSRR 5,

S MUKk : Pike 1947; Hockett 1955

FE= KUK : Trubetzkoy 1939/1969; Trager 1947

HR[A)JR : McCawley (1968) & K& —> MaCawley (1978)1X3EE K&

4 B OERE B TIERFES K Of— (0dden 2011) (& — F 13 3hR M 2 B L IEIR S L 5)
T T L TG ER S EEFE OF T Bloomfield (1933:110) [ 3MAF DR %245,
BREMBHRAMEST & L, FEERF O HITE O 2 R~ RENBME—T &
R, BT E oM 27779 DI one mora X° one—half morae & L77,

- Pike (1947) %0 Hockett (1955) IZRFEID & DY TSk L7=DiZ% LT, Bloomfield

WX ZOF KIERw,

2.2 F—F - FA I VT OBERELEE—TF DR

THAGEORGEIL A X v — ) 20 X5 REERAIAIS 4517 5] (Bloch 1950),
« HARFEO S EI N ERFFR CREE SN D EHEE, Allen (1973: 59) 1% “What the Greek ear
actually measured was not “the syllables” ...but ...time taken...Z#E,

[HARGEOREEI TN ERHEZ AT H5E— 70N GR 5] EWIHFaE ik

(Ladefoged 1975), HAFED ARFEFHITERELZH T 5T —T 0% [HHDBR] Dif

R T e Z b amme, $7hbb, U AL=FEEHEHEFR—HLTNWD,

N ZOMRITERSEEFORKOERLTHD [EHESEOBEIIETENDLRD]

EWVWD TREFIET DD TIIIRND,

- 9725, Bloch (1950)X° Ladefoged (1975) Dl A S DWADILH A TH 5355

LAULZEROZ 72 b D THDHN, ZOFEREMEISND Z LTl

MBHOBR ] OO K 5 I/ 2 2 2 DITRFRFHI G » TERBEP T ORI RIZE—T

LAV TTHEIORRZBHBT 200, Thbh, SRHEORB O CIIR< ., i

L COE—THEREDRIRDIFIEL T (Cutler and Otake 2002),

(a) CVHEH (BEFE) : CV.CV.CV. - (BNE—TEREZRT)
(b) CVC HHiI(EHH) : CV.C.Cv.
(c) CVVHEH (BHH) : Cv.v.cv

— 109 —



coOFED, BEEEHN2T—T, HAEEHN 1T LRI D DITE— T OEEEOER
Tlix7e<, TRBRORICE—TEADERIND Z L 2B (Otake et al., 1993;
Cutler and Otake, 2002 =) .

* Patel (2007:60) XS HED U X ATERE & IR TH SH & L, Jackendoff (2009) 175
LEHED Y ALFRH Tl e < F il (REGHD) TS 52 LICE Kk, 7228, #61%
FUTGA L RATEDL IR T BEARLI 5 THANICE K LTV,

- 3725, Bloch (1950) 23 H ARGEDIHEED U AL EHERFOE—T ORFFIZER L7zb D
XE—T OHEOBEN LIRS 2L XY U FEORO Y XA AICEHITD timing
unit & LTCOEFE—ZIHHOET— TR EMINTE 5D TIERWD,

3. BXDY XA EX
3.1 XL
« S ORBUFRRITITHOL &L BESIPFET D, BIH LR R CHEERIN AT O DI
LT, BETERICMZ CEENOBTHIOKEN L HILD X O ICHEFEEIREZIT .,
BRSO DA Z AR E THSERBSETH D, HEENEAZ Y (1T) ONEICHE
BEINTEEHNY ALEERT HEF O T o ANED Z ERHRE SLD,
3.2 XD Y XADREER
BRSO Y X ATMEEEOSUEPRE L FEOREIC L > TR E D,
- HHIOREFET 2 - () FHifE QB I EHiOMAE b,
(1) : {LFE. FE. PEEE. AARGER L.
(2) : HHFY X FE, HIT T UGE. WEE. NA VEER L,
- SiEULE & FHiORE
(a) Z'ba - a—<r3fblE (HIXY v viE, HiT T8 = Q) (FHioREm)

|

Oy

(b) 7L~ RESCALIE (IGEE, 243k, BHRR) = (2) (FHiD555)
() m~ AESCALIE (LFE, OFk. 795R) = (1)
() hEEeE (PEFE. BAGE, #®EE) => (1)

c FHOREIIEOREENRIINTH D Z L A3FIHE,  (a) = Yes (b) = No
3.3 WXV U FBEDEXD Y X ADORABERE
CHHE Y Uy EEORERRIIE O I3 RBIH,

(1) CVHET = &S default REE Rk
(2) CVW EH = KEEHi by nature BEE AR
(3) CVC HHi = REEHI by position ey

FThabb, BHEOREITER L EED 2 >OEK O TRIE,

SR Y Uy RO O U X LAMRRIZREEH O KT AT LD O TERIZEE T
RBThL2, FEOMEELZELY, <RE HRk REE - > SilEULPRE
Y R RO OFEFE LW b RESHITIED & OIS LD Db,
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(@) HHF Y S ¥ RHITARGEHE THLOTEROEH L L THFASNDITT TH D,

(b) CV HFHIT 135 & R 28 => (V.
(c)CVV HHENIREE 2 OV EHORE L B & 238 => CVW. [W > V]

(d)CVC EHEITFER S ORICTFEERNERT D Z L 2., => CVC. [VCC => VC. (]
(e)CVV EHi & CVC EfiZa R EH &4 2 DI FITE E 720,

- Thebb, REGHORBETH EFTHLERLNLVORBBMPRX—RIZRDHDT, REH
Hid TSHOBR ] O XTI ND Z EITE IV H2R,

c REEHORERLYEE (by nature & by position) (Ffdi D E U o v FEEFIZRLR
ENTWAZ LMD, timingunit & LTHOE—FI1LY XLAOARE TIER< . REHTH
HTEERBEL TN,

CE—TIEREOR IBRBINTHOEHI A REICOET 2B 2 R0 5B O R AFIE,

=T IREREDOFRBBFHE TH D720 CVV > CV M FEHE T & 11X mora OFEGEILFTHE,
N, CVC X CV. C ERBFRT UL LV, ZOHFITEILF U o ¥ 5EOREEH O 0 FFE “by
nature” & “by position” E[EI U, - T, timing unit D& L D HOEIOFE O )7
N0 EEPERE WD
M2 : Greene and Cushman (2012)ICk % &, =T DHEAMYO TERY EFshTn5
M. BRSCICEIT D mora DALE ST OF KT/ < | WEERSTEFDOERDBMITHKAA,

3.4 ZDOMOEFEDEIXDY X b EFH

T T U BERPEHAMIC R VIR E D . v U AFEROEIENAE
. BHEIENY XLAOHERE D,

- PEFESUEE - B L CEEBIC L S, <HEEE. MERE. BAGE>

- BAEE - 11 il E CICHERE & O SRR E# E CHBRA SR 2 5 L REEEHN
EEND, 120, FHEARECRET EBIIAEENT. REMHL 2 HERICHBET S
SEINIEE, ERARLBR, REHZ S 0ERIIEESUEERN D Bl S, B
IR, Z D XD ICHARFEICIIREEH N FET 5 b OO HEFEHLEOEE TH 5
FHIBICH 2, SEUEIC AAGEOBEIHIMF Y oy Db D LT R D,

4. Jx—FEOEIXDY X A
T2 —HEEIA ROV 27 )y FEEO R L S D, RRAYITIE, ALIAT 16 i
WMH B0, fotai b Al 7 XY X —KEDA > MRE) ORMRIZITME OS3E
{EXTELE LT~ (MacDonell 1900:7),
c U — HZEEORIUILL T O X D 7255803 8 5 (Macdonell 1916:436)
(1) A& YT 44T (quarter) .
(2) A& FRNITEROEHIE (8 FHi. 11 Ffi. 12 Fii. 2 5 5Hi) MNEE,
(3) HFEIIRFIIHE, TOREFETHRFYY Vv iELFRETH D,
(4) AZ T4 X5 FHOFTHE (opening) I caesura (PR 1E) 2 AL, EEZFEI O
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%58 (cadence) DA HIER,
(5) AL P OREAN) & EFEDEHORMOBET R L,
(6) REEIFZ2ZOOEEH & HFMME L THEERITRLRU,
(6) RESHIOBEITHMT Y Uy FARTH D,
(7) 5] The Gayatri stanza (& RIZ—#xM7RIEA, 3178 FHD)
(Macdonell 1916 :438)

agnim ile purdhitam | —u——-] o — v u'
yadﬁfé&yada|v&mrtvuam|——u—|u——uu|
hétaram ra | tnadhatamam || — — — — | — o v ||

(a) A8 (opening) I HEI DR SITATH KL UTIRIT/RZ — AL I L THRYY,
(b) - (cadence) I iambic (FEEHiIOMEH) DO%IZ spondee (BEREHIOME
PIBLE,

- HPEE CIIREEHOMEE 2B EEFICEERRENMTOIL D, iy, BEmTiEs
OEERHBL, KA FZ o PNOFHOFE DR B 2 OITE A E E 720,
—JF, HHXY Uy ETEEAL PN TODDLIREETIZE A EDOENIZFE—E
KOKEPR OGN DR TRERIENDR DD, o T, V=—FEOMELTIE tining unit

ERETHETHRN,
- —F, WHF Y R FEETIERA Y VAR —EH L EHIOMAE R HEBLT 572912 tining
unit WIFET DAV v MIdH D,

. EEERS

. EE&?) X EEOEEO Y X LTEREO tining unit & L TOE—T CTHIESNS L&
ZHNTE, 122, XY U ¥ FETARTHEDO—2Th 2 D Tl DL
R E LT ZALORIMY AT LE LTCHMAT 2503 L0 EENRHHN AR E 72D,
Tebb, HHFY ¥R Uz — 5, AARGEOBRFED U XALIZONWT S [E— 0 i
THHTEZ A8 MERD D,

<MY X FRIEIEEM RO T R OFEE LT ESIT N TE L, £D
et ) O FETRAE LT — T OMRITHEN 2 b D THLND L HITHBR LT
XN, B ZOBZBEREZSORMNRH D DNH L,

BE R

Allen, S. W. Accent and Rhythm. Cambridge: Cambridge University Press.
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A preliminary acoustic study of tone in Dzongkha
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1. Introduction

Dzongkha, the national language of Bhutan, is a language with a two-way tonal contrast: high (H)
and low (L). This study reports a preliminary acoustic analysis of Dzongkha tones, whose nature has
not been studied instrumentally. The current data comes from a single native speaker of Dzongkha;
hence, our data should be taken to be preliminary. However, since there have not been any
instrumental analyses on the phonetics of this language, aside from an impresionistic description by
van Driem (2015), we would like to situate the current study as a first stepstone toward more

systematic phonetic analyses of this language, which are on-going.
2. Method

Dzongkha has eight vowels, transcribed by van Driem (2015) as /a/, /4/, /e/, /i/, /o/, /6/, /u/, and /i/.
Each of these vowels were read by a native speaker of Dzongkha with H-tone and L-tone. Both f0
and spectral natures of these vowels were analyzed using Praat (Boersma 2001). In addition to these
vowels read in isolation, 34 H-tone tokens and 33 L-tone tokens, varying in vowel quality and onset
consonants, were also read by the same speaker. The f0O patterns of these syllables were analyzed.
Finally, we addressed one consonant-tone interaction in Dzongkha by examining 18 syllables with a
voiced onset and 16 syllables with what has been referred to as “devoiced” consonants (van Driem

2015).

3. Results
3.1. Vowel quality

We first started by exploring the acoustic nature of each vowels that exist in Dzongkha (/a/, /4/, /e/,
i/, /ol, I/, 16/, [i/). Figure 1 plots the standard F1 and F2 chart of these eight vowels, which shows
that for those vowels without umlaut signs (/a/, /e/, /i/, /o/, /u/), their F1 and F2 distribute in expected
F1-F2 regions. We also observe that umlauted versions have lower F1, but, more clearly, higher F2
compared to non-umlaut versions, which suggests that they are fronted versions of the corresponding
non-umlaut vowels (i.e. umlaut represents frontness, as in German). In Figure 1, four types of
vowels are clustered in the left-top region (/i/, /e/, /6/, /ii/). In order to explore how these sounds are
distinguished acoustically, we examined their F3, which is known to distinguish front unrounded
vowels from front rounded vowels (Reetz & Jongman 2009). The results appear in Figure 2. As

expected, F3 distinguishes unrounded front vowels (/e/, /i/) and rounded front vowels (/6/, /ii/), in
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that the latter group has much lower F3.
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Figure 1: F1-F2 plot Figure 2: F2-F3 plot

3.2. Basic tonal patterns

Figure 3 shows raw f0 data of each vowel read in isolation. In this figure, all pitch points detected by
Praat are plotted for the two tone types, presented by separate vowels. We generally observe
separation between H-toned syllables and L-toned syllables in the first halves of the vowels. Some
L-toned syllables (/4/, /e/, /i/, /6/, /ii/) show some bumps at their onset, to the degree that sometimes
L-toned syllables have f0 as high as H-toned syllables. We are not confident whether these are
simply measurement errors, or reflect something real (there is a generalization to be made here that
only and all front vowels show this bump.) Besides these bumps, however, it is clear that H-toned
syllables and L-toned syllables are separated in terms of their f0, especially at the beginning of

syllables.
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Figure 3: FO movement of two types of tones by vowel (raw measurement values).

Figure 4 shows smoothed f0 curves which were obtained by deviding the vocalic intervals into five
equally-timed windows, and taking the average f0 values within each window. It shows that H-toned
and L-toned syllables are separated clearly at the onset of syllables, and the differences are

neutralized toward the end for some vowels. The tonal difference seems to persist throughout the
syllables for /a/, /i/, and /u/.
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Figure 5 shows the average FO plots of H-toned and L-toned syllables, based on tokens with onset
consonants. Figure 5 is based on the smoothing analysis that is same as that of Figure 4; however, it
targets only vocalic intervals. On average, at the onset of the syllables, H-toned and L-toned
syllables differ by 30-40 Hz; the differences in FO get smaller toward the end of the syllables, and
are not observed in the final, fifth frame. What is emerging through our analysis is that tonal
differences in Dzongkha manifest themselves at the onset of vowels.

In addition to the analysis of these fO differences due to lexical H-tone vs. L-tone contrast, we also
analyzed one type of tone-consonant interaction. Specifically, we examined 18 syllables with a
voiced onset consonant and 16 syllables with what van Driem (2015) referred to as a “devoiced”

onset consonant. The lexical tone of these syllables were L-tones. The result, which appears in
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Figure 6, shows that the fO is higher after voiced consonants than after “devoiced” consonants, the
pattern that is opposite from what is expected it “devoiced” consonants were voiceless (e.g. Kingston

& Diehl; Lee 2008).
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Figure 5: FO differences of all syllables. Fig. 6: Effects of “devoiced” consonants.

We thus entertain the possibility that the “devoiced” consonants are in fact breathy. In
Bantu languages, breathy-voiced consonants lower the fO of the following vowel (Baumbach 1987;
Lee 2008). If these “devoiced” consonants were breathy, they follow the cross-linguistic pattern of
pitch realization following breathy consonants. Although a more extended quantitative analysis is
necessary, Figure 7 shows a spectrogram of “devoiced” [ba]. It shows that the consonant has long

aspiration, which is compatible with the idea that “devoiced” consonants are in fact breathy.
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Figure 7: A waveform and spectrogram of “devoiced [ba]”.

4. Conclusion

This paper has first examined the acoustic properties of eight vowels in Dzongkha. In addition to the
“standard” /a/, /i/, /lu/, /e/, /o/, the language has three vowels with umlaut which shows frontness.
Those vowels with umlaut show higher F2 compared to the corresponding non-umlaut vowels.
Rounding differences in front vowels manifest themselves in F3 in such a way that unrounded
vowels have higher F3. Our f0 analysis shows that H-tones and L-tones in Dzongkha are
distinguished at the beginning of vowels; i.e. the tonal targets are at the beginning. In some syllables,
we observed cases in which fO differences persist throughout the vowels. Finally, we showed that
what has been referred to as “devoiced” vowels by van Driem (2015) raise fO of the following
vowels. We hypothesized that these “devoiced” vowels are in fact breathy. With this all said, our
data is based on reading of a single native speaker; the analysis of more speakers of Dzongkha, and

other related languages, is a topic of an on-going project.

References

Baumbach, E. (1987) “Analytical Tsonga Grammar.” UNISA.

Boersma, P. (2001) “Praat, a system for doing phonetics by computer.” Glot International 5:
341-345.

van Driem, G. (2015) “The Grammar of Dzhongkha.” ms.

Kingston, J. & Diehl, R. (1994) “Phonetic knowledge”. Language 70: 419-454.

Lee, S. J. (2008) “Consonant-Tone Interaction in Optimality Theory.” Ph.D. dissertation. Rutgers
University.

Reetz, H. & Jongman, A. (2009) “Phonetics: Transcription, Production, Acoustics and Perception”.
Blackwell-Wiley.

— 119 —



D1

How variations in syllable-final nasals affect word recognition
in Taiwan Mandarin
Janice Fon, Yu-Ying Chuang (National Taiwan Univ.)
{jfon, d98142003}@ntu.edu.tw
1. Introduction
Human speech is full of variations. A simple word like until, the canonical (i.e., dictionary) form of
which being /ontil/, can have a variety of pronunciations in daily conversation in addition to the
prescribed form, including [onta], [ntl], or even [to] (Johnson, 2004). Therefore, how human
listeners process spoken variants in their everyday lives is a topic that have intrigued researchers in
the recent decade.
Interestingly, when facing the vast variability frequently encountered in speech production, human
listeners do not seem to treat them in a uniform manner during spoken word processing. Instead,
words in their canonical pronunciation seem to have an advantage and are processed more rapidly
than words in non-canonical forms (e.g., Pitt, 2009; Ranbom & Connine, 2007; Sumner et al., 2014).
Two accounts have been proposed for this processing bias. One explanation is to view human mental
lexicon as being organized in a fashion similar to a dictionary, in which each lemma is
phonologically coded in its canonical form only, and all its related variant forms are derived either
via rules or associations (e.g., Gaskell & Marslen-Wilson, 1998; Gow, 2002). A canonical form thus
enjoys processing efficiency not shared by its variant counterparts due to an exact mapping between
the stored underlying form and the incoming speech signal. On the other hand, Sumner et al. (2014)
argued that it is not the canonical status that makes a word form special, but rather, it is its social
connotation that is granting it a distinctive place. They believe that the representation robustness of a
word form is dependent on its social connotation. Word forms with positive connotation (i.e., more
standard) are more strongly represented in the mental lexicon than words with negative connotation
(i.e., less standard). In other words, the so-called “canonical form advantage” observed in many
previous studies is in fact a “standard form advantage” instead, and the misconception comes from
an alignment between canonical forms and standard forms that is frequently observed in languages.
This study thus intends to investigate the underlying cause for the spoken word processing bias using
a particular set of syllable-final nasal mergers found in Taiwan Mandarin. This variation set is
interesting because unlike most variations studied in previous research, the alignment between the
canonical and the standard form is not always observed. There are in total three final nasal mergers,
including /in/—[in], /on/—[on], and /in/—[ig] (Fon et al., 2011). For /in/—[in] (e.g., gaoxing
‘happy’ /kavein/—[kavein]), the canonical [ig] is considered to be more standard than the variant
[in] across dialects, showing perfect alignment. For /on/—[on] (e.g., xueshen ‘student’

/eyeson/—[eyesan]), the canonical [ag] is considered to be more standard in some dialects, but the
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variant [on] is considered to be equally standard in others, showing only partial alignment. Finally,
for /in/—[in] (e.g., aixin ‘a caring heart’ /aicin/—[aigin]), both the canonical [in] and the variant [in]
are considered to be equally standard across dialects, showing complete misalignment. In other
words, one could consider the connotation of /in/—[in] as mostly negative, that of /on/—[on] as
relatively neutral, and that of /in/—[in] as fairly positive. Therefore, if processing bias stems from
differential social connotations of word forms [cf. Sumner et al. (2014)], then listeners should
process the standard yet non-canonical [ig] from the /in/—[ig] merger, and, to a lesser extent, the
standard-to-slightly-negative and non-canonical [on] from the /en/—[on] merger with equal
proficiency as their canonical counterparts of [in] and [ag], respectively. For the /in/—[in] merger,
listeners should still process the standard, canonical [in] more efficiently than the nonstandard,
non-canonical [in]. On the other hand, if processing bias is truly based on the canonical status of a
word form [cf. Gaskell & Marslen-Wilson (1998); Gow (2002)], then listeners should only show a
processing advantage for the canonical forms in all three mergers, regardless of its social

connotations.

2. Method

2.1. Participants

A total of 198 native Taiwan Mandarin listeners, aged between 18 and 30, were recruited. Among
them, 54 participated in Experiment 1, and 144 participated in Experiment 2, which had three
sub-parts, one for each nasal merger, and each with 48 participants. None of the participants reported
any language- or hearing-related disorders.

2.2. Materials

Experiment 1 included 45 bisyllabic stimuli, 15 for each nasal merger, and Experiment 2 included 90
bisyllabic stimuli, 30 for each nasal merger. These words were carefully selected so that both the
canonical and the variant realization of the words are not homophonous with any other words in
Mandarin. For example, both [kavein] and [kavein] can only refer to gaoxing ‘happy’ /kavein/, if at
all. There were three prime conditions for each word, canonical, variant, and control. Canonical
primes were realized with the dictionary form (e.g., [kavein]), variant primes were realized with the
appropriate variant form (e.g., [kavein]), and control primes were other bisyllabic words that were
phonologically and semantically unrelated to the target words (e.g., kafei ‘coffee’). For Experiment 2,
there were also two target conditions for each word, canonical and variant. Table 1 shows an
example of the prime and target conditions. For Experiment 1, all stimuli were recorded by the first
author, who is a native speaker of Taiwan Mandarin. For Experiment 2, an additional male native
speaker was also recruited to do the recording to avoid direct voice priming. Two lists were created
via cross-splicing so that in each list, half of the trials were with male primes and female targets
while the other half were with female primes and male targets. All stimuli were hand-adjusted to

have the same duration using Cool Edit Pro (Version 2.0).
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Table 1: An example of a stimulus gaoxing ‘happy’ /kavein/ and its prime and target conditions.

Prime (auditory)
Target
Canonical Variant Control
) ) kafei N
Exp. 1 [kavein] [kavein] fey B (visual)
‘coffee’
) ) kafei Canonical: [kavein]
Exp. 2 [kavein] [kavein] ) ) (auditory)
‘coffee’ Variant: [kavein]

2.3. Procedure

Both experiments were conducted in a sound-attenuated room. For Experiment 1, each trial began
with an auditory prime, immediately followed by a visual target. For Experiment 2, an auditory
prime was followed by an auditory target after a 500 ms pause. For both experiments, listeners were
required to perform lexical decision on the visual/auditory targets as accurately and rapidly as
possible. The experiment lasted about 20 and 40 minutes for Experiments 1 and 2, respectively, and

listeners were compensated for their participation with a small monetary reward.

3. Results

Response time (RT) was measured from the onset of target presentation, and trials with incorrect
responses (i.e., recognizing canonical or variant targets as nonwords) were excluded from RT
analyses. For Experiment 1, a Prime (3) x Merger (3) ANOVA was performed (Figure 1). Results
showed that only the main effects were significant [Prime: F(2, 2372) = 116.33, p <.001; Merger:
F(2,2372) =5.32, p <.01]. Post hoc analyses indicated that control primes were always slower than
the other two conditions (p < .001), but the difference between canonical and variant forms was not
significant. RTs for /on/—[on] were overall longer than those for /in/—[in] and /in/—[in]. However,

this was mainly contributed by the control primes, and exclusion of such removed the effect.

600

H Canonical T
[ Variant
[J Control T
500
@
£
l_
o
400
300
/in/—[in] /an/—[an] /in/—[in]

Nasal Merger

Figure 1: RTs of the three priming conditions in Experiment 1.
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For Experiment 2, a Prime (3) x Target (2) x Merger (3) x Voice gender (2) ANOVA was performed.
All main effects reached significance [Prime: F(2, 8353) = 134.12, p < .001; Target: F(2, 8353) =
9.75, p < .05; Merger: F(2, 8353) = 19.56, p < .001; Voice gender: F(2, 8353) = 38.19, p < .001].
Two interactions involving Target and Merger were also significant [Target x Merger: F(2, 8353) =
18.67, p < .001; Target x Merger x Voice gender: F(2, 8353) = 3.09, p < .05]. Post hoc analyses
showed that the control primes were again with longer RTs than canonical and variant primes (p
<.001), while the difference between the latter two was again not significant. For /in/—[in], targets
realized as variant forms (i.e., [in]) were recognized more slowly than those as canonical forms (i.e.,
[in]) (»p<.001) (Figure 2a). In contrast, for /in/—[ig], variant targets (i.e., [in]) were more rapidly
recognized than canonical targets (i.e., [in]) (p < .005) (Figure 2c). The patterns held true for both
male and female voice. However, for /on/—[on], there was an additional interaction with voice
gender. Variant targets (i.e., [on]) were realized less efficiently than canonical ones (i.e., [eg]) only
when they were uttered with the female voice (p < .01). The effect disappeared when the targets

were in the male voice, and both canonical and variant targets were realized with comparable speed.
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[ Control Prime . — 7 —T
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Canonical Variant Canonical Variant Canonical Variant
Target Target Target

Figure 2: RTs for (a) /ig/—[in], (b) /on/—[on], and (¢) /in/—ig] in Experiment 2.

4. Discussion

This study examined the effect of a set of syllable-final nasal mergers on spoken word recognition in
Taiwan Mandarin. Speech processing of canonical and variant forms of the three mergers, which
differ in their social connotation, was compared using two form priming experiments. Results of
Experiment 1 showed that the canonical form and its variant primed their linked written Chinese
characters with comparable efficiency. This was rather surprising, as previous studies have shown
otherwise [e.g., English: Ranbom & Connine (2007); French: Snoeren et al. (2008)]. Regardless of
its origin, some kind of priming biases has always been observed. One suspects that this discrepancy
might have been due to the peculiarity of the Chinese writing system, as its pronunciation encoding
is not at all transparent. Thus, although written word recognition in alphabetic or syllabary writing

inevitably involves phonological processing, this might not be necessarily so in Mandarin (Wu et al.,
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2013). Compared to other languages, Mandarin users might be able to bypass detailed phonological
processing when recognizing written word forms.

The uni-modal priming design in Experiment 2, on the other hand, revealed a significant effect of
variation. Specifically, a robust effect of target realization was found on immediate spoken word
recognition. Three different perceptual results were obtained. For /in/—[in], the recognition of the
canonical forms was more efficient than that of the variant forms. The processing advantage,
however, greatly decreased for /on/—[on], since more efficient processing of the canonical forms
only appeared in a voice-gender-dependent fashion. Critically, the result of /in/—[in] was the most
different, given that the processing of the variant forms outperformed that of the canonical forms.
The current results were therefore in stark contrast to the hypothesis of the traditional account [cf.
Gaskell & Marslen-Wilson (1998); Gow (2002)], because words encoded in canonical forms were
not always more efficiently recognized than those in variant forms. They however strongly
supported the social connotation hypothesis [cf. Sumner et al. (2014)], as the processing pattern was
much in line with the connotation of the mergers. Based on the current findings, it can be seen that
processing efficiency of a given form is not determined by whether it conforms to the canonical form.
Instead, it is determined by whether this form is socially ideal or not. Previous findings of more
robust processing for canonical forms thus likely stems from a frequent alignment between canonical
forms and standard forms, rather than a true canonical form advantage in the mental lexicon.
However, similar to Experiment 1, priming difference between canonical and variant forms was still
lacking in this experiment. This is surprising, as one would expect that same forms should prime
better than different forms. However, as shown in Figure 2, one did observe a slight trend for a
priming advantage between the same forms, and thus one suspects that the lack of significance might
have come from the current experimental design. Given that there is a long interval of 500 ms
between the offset of the primes and the onset of the targets, it is likely that any processing
difference that might have existed between the two forms has already diminished or even
disappeared by the time when auditory targets were presented. For future studies, inter-stimulus
intervals could be manipulated in order to examine the time course of the priming effect in variant

realizations.

S.  Conclusion

By examining the three final nasal variations in Taiwan Mandarin, this study has thus demonstrated
that it is social connotation that plays an important and decisive role in spoken word recognition, not
canonical status. Socially ideal forms are more felicitous to lexical access than socially non-ideal
ones, a finding much consistent with the socially weighted model proposed by Sumner et al. (2014).
However, such an effect seems to be fairly short-lived and modality-sensitive. Unlike other
languages [e.g., Ranbom & Connine (2007), Snoeren et al. (2008)], in which differential priming

effects between canonical and variant forms have been consistently observed, even in cross-modal

— 124 —



experimental setups, no such evidence was found in the current study. Although one could probably
attribute the null effect of differential priming from Experiment 1 to the logosyllabic nature of
Chinese characters, the null effect of differential priming from the second experiment is not as easily
explicable. Even though it is likely that the 500 ms inter-stimulus interval employed in this study is
too long to detect a preferential priming effect, as mentioned above, Sumner & Samuel (2009) used
exactly the same interval for their English participants and obtained significant results. It is thus
possible that there might be cross-linguistic differences in spoken language processing with regards
to the rate of dissipation in priming. It is also possible that different variations might have been the
cause, as Sumner & Samuel (2009) examined syllable-final rhotics in English, and the current study
looked at syllable-final nasals in Mandarin, which are acoustically less robust. More studies would
be needed in order to understand the underlying cause for the preferential effects and the non-effects

found in spoken variant processing.
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x5 IS IL—TI2&B pre-test DFRABERAE (%)
W 7R 0%I(%)  18I(%)  27(%) 3T(%)  4TN(%) TR (%) GEH(%)
14 oY — 25(100.0) — — — — 25(100.0)
1754 22(100.0) — — — — — 22(100.0)
24 04 — 7(70.0)  3(30.0) — — — 10(100.0)
17 23(74.2) — 8(25.8) — — — 31(100.0)
2 17(51.5)  16(48.5) — — — — 33(100.0)
3 oM — 0(0.0) 1(63)  15(93.7) — — 16(100.0)
178 21(63.6) — 4(12.1) 7(21.2) — 1(3.1) 33(100.0)
2 23(53.5) 2(4.7) — 18(41.8) — — 43(100.0)
3 23(82.1) 1(3.6) 4(14.3) — — — 28(100.0)
44 o4l — 0(0.0) 3(15.8) 7(36.8) 8(42.1) 1(5.3) 19(100.0)
1% 17(37.0) — 0( 0.0) 4(87)  15(32.6) 10(21.7) 46(100.0)
27 17(29.3) 3(5.2) — 1932.8)  10(17.2) 9(15.5) 58(100.0)
3/ 17(47.2) 0(0.0) 3(8.3) — 14(38.9) 2(5.6) 36(100.0)
47 24(51.1) 0(0.0) 3(6.4)  13(27.6) — 7(14.9) 47(100.0)
&FF 204(45.6) 54(12.1)  29(6.5)  83(18.6)  47(10.5) 30(6.7) 447(100.0)

il = 77z M),

(—) = IR L)

AT 7'y MLUZOWT, pre-test (F 5) TIIEAEOEMMEMIX, 0 B TIE WDz 0
T TN BRAEKD 45.6% % 7=, ZHUTE (2016) & F - bk - A (2017)

1

[T EFEL Lid, B TFR TR ThoEREENS

RTINS &,
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WA 0 LT HANZEREB CThH o7z, 2HFETIE, 0% 1 B J 2530 & 1 A 0 Y
ETHEMANE -T2, 2BUCONWT, 0BT 23 & 1 B LT ARAMTERE TH -
Too 3HRETIE, 02 3L 25N L <, 18 - 28 « 3N ONT OB & 3 53R
Lol AMEETIER, 08 - 1 - 2RI ZHORMT 7 & o MRUZHHL Tuves, 38
EATRNZONT, 0B ET DN LT, Fo, N RIFROBRBIZOWT, 3#HEET
X158, 43FETIX 29 RENEIZR S LTz, Post-test Tld, 4 F1FED 2 A CIIREH A LA Z 0
ST (&2 19 75T 878) DK LT, o7 7y MUORMMAIZTTNT 2 73EUT L0752,
T EF OB BRI N oT, YLEDORRNG, PEHFIAZ®L T, EARBRM
THOBBIHFEETAZENAETH D I EDBRBINT,

5. 8hYIC

ARTHE, PEFENEGES O A AGEFEEEZXIRIC, BOE=X—%E5 AKRET 7 &
v hOEMIEIT o7, ZOZEIZEYD, TOL D REHIMIIKRE RN D Z
&L FRIMEEIC b RALT 2 Z L 2R TR G O N, £, FIFRIC KR, FEEFITES
DT 7y FOEHIZH LT, BOFEZAEENIZITOND X IZR D RS TR
niz,

g
AR, SCERA R ge s - R (B) NN A ARGESABE TR T — A 7 DREEE -
3BT & WEB BRI 82Y — L BA%E ) GREEE S : 17H02352) (2K B 0—HTH D,

SE R

ANIJRZERT (1998) [AMEIAN HAGEFEEOREFEICBIT 28 CE=2—0W5] (it
FSC, HALKRFREBE U STRL

E&Kk (2016) THIEFEREERGE O HARGEATT 782 FOFENL : 7780 MEDOTE#® E T
FAEFEORECLDEBICER LT TE 11 BEEBAELE - BAHES VR YT A

FEEK (2017) [HERERGEREE S L D AAGBEA AT 720 MEH R & 46
TRy FEHORE] [Z LIXOREHZE] 18, 31-49.

FEd - AREA - BS54 - FE (2017) THERERGESE SIS L2 BARGEAF T 782 b
DEFF - Fak - PEH - IR OBRND ) [TEFEEE OO0 AARFEAEWZE] 7, 61-75.

FHEBH (2007) [FHENLFGERGESEE OB EL4TT 72y FOAERIZOWT) [THAGE
BEER] MRS 7 RIS 125 AR L AR Y U AT RRERM]

B (2010) THEAN BAGEFEE OB G4 T 7 & NEG ORI © ek - BE -
RO Z FLIC] (RS E R R A SCR A SRR

BUERE (2015) TREBANBAEERBHED 2E—TT7 7 MZOWT 5, &Y., i
Aty T35 29 M A AEFAREERETRE] 24-29.
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D4

L2 REEFEDOHEICETHAEENHEOTE
AN Pz (R RFRE) TR RET (R A

tkonishi@aoni.waseda.jp, mkondo@waseda.jp

1. BZE

ARFFETIL, B 558 (L2) S5 EH 2 —/3A (J-AESOP) (ZINER S TW5H 183 A DH
RANFGEFHF I XD The North Wind and the Sun Dt BT EF &5t 5 NOTGERFEEE B
FONRFEFEN B A FOEMHS 128D 4 HEICE LU THEE LS O OR B4 ik
SHTL. B DHFELAZFOFEEMOFEM B0, FER B LT WEAZH S
Wz L7,

2. KHIRDOBH

SRR A E AR, HRE DR HEEE OB ITE2ITV, E ol & B B
BRI BT 2B ARAET 20BN TH D, Z OB, ERMEICE O TITEBRESEED
& X \THEANAEAE R E O MR R RS 2 F D THIRRAE & BRRIEAZ Xy L, =0 REDO g
SHEATD LWV FERHVWLNTE T,

L LR GEFED L2 a— " 2AOERIZ L0 PR ZD Sk el a5 E T — 4
L LT 2 2 ENATRE & I o7z, L2 FEFIIFAET 5. AHE BREE O H 1558 M (aptitude)
FOBMARNERGEZEL, MO TERREAZIERT 5, FIC L2 EFEFICRENTIZO
ZEMEDRBHECTHDLEF 2D,

IO XD SRR EM AR R E LI EHRER O E AT O 72D iE 3 — SR ICFREME %
ETHHEND S, Saito et al. (2015) 137 T AFERREGRE O L2 HEEIC 7 HH O EME
( Ml 2 DOFFRo/REORTIXEN ), [T 78 b, A2 bx—3 a LY %)%
HL, EFFHECEEFFERE 0L OFHEMBO—EFEHRGE LIHER, £ CTOHEAIZOW
TEW—HEEZH/-(Zar Ny 7Da >0.9),

WEA CILRGERGERE S L 0 b L2 JEEREH AN 0 O 5 B EEIFIZ % < (Crystal, 2003; Bolton,
2004 %), SRR REEEEG A O3 HIWT T 2 BARAR 5 FE (intelligibility) 7217 T7e < | L2 ®EEEEH . &0
DITRRDEHEE R RO L2 Kikma OMMESELBE T LMNERD D,

2T, RWEI. BAGERERGEE O L2 REEE A OREEL G L L, L2 BROFEICEK
JEREEFEORFEORBERIET S Z LIk Y, L2 HEHEERMEICRIT R EEEOEE
B EEENET D,

3. oM

FEEXSG E L2 D1 J-FAESOP [Tk STV D KR 2 20 BAVE 0 B AR N JEEE2 5 4 183 4
DT —H T, FFERMBRE LTEHEFILIPC A7 V) — 2R E 472 [The North Wind and the
Sun] AHRENEHR LI bDOTH D, FEFEOMANBRELMRHET L& & HEFTTO
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FEAEEW ERERE R RIROMRELELATH I EEZBITOIOZENE LT, HFAxOH
a3 mEI Lz, /o T, FEEMEEICHWLNIZT — XX 3(7 714 /V)x 183(%4) DRt 549 7
TANDHEFEZ LI T A RINTHDOTH D,

AR T RGER R R 4 4. AARGERGEREE 4 4. EOMOFEEDFEE 8 4 OiRGER 16 4
(ZREE 2K L TV 525, AENIBEIZ T EEDR KD > TV D DIEFEREESE 2 4. 2)A A
FEREERRE S 24 DA, VEEREE 1 ALK D EEE T — % L LTHWE, FREEITWT
N EFFEEMETLIRPREELEHRROFAEETZEIRFHETH D,

FEETEHE X a)fl 2 D7 AL FOEMES, b)EEEOEM S, ofiith &, OREEAY o7
ED4TEA TH S(Table 1), FEEREIZ 175 10 £TO 10 B T, BFA K X WIE L
DEUN,

Table 1 FFEHICERSN-FFEEB (BAFER)

YA FDOERS - fHxORESTFE
(Segmental accuracy) (FREALE &L, ARERLR D)
N - AMNVRAT 7RV B
=L - U A
(Prosody) BEERARL 77 A L N ORENTRN T &
SN
o - Apbeea
(Fluency) _ ;‘\o_ =z

BEEMY Db s

(Native-likeness)

- BEEHLO BRIV &

4. HEREER

Figure 1 IFRFEMEICEAL TENENOFEEM TIT o ZEMESITOMRETH 5, EN
ITIEEERRERE . IP 13X H ARGEREGEGE S . OT IXZ2 DM DO S iEORGEES Th 5 A4 U 5EH
FEEEA. 01 & 02 1IRFEHR ID 2K T, KB AWICHERERF RSN TEY, ELroto
BIITHBAOMIZERT, REREZRL L 4HEATIZE W TR U THRWIEOHEBENE L
TWDHZ EBNDbD,

FPFHEANOFESMMEEEZ B2 &, BB IAT 2 ERF LT 72b b iEREES
HlR+ & 7213 A AGERGE AR R ) ORFEM OB 23 e b 3RV Z & A3 a5 (FHBIER %X 0.70 -
0.81), Fiz, RFEEILE LARWEEM OGS, HEEREEGEH & IEREGEGEE T oA B (FH B R

1

FEEREEA /N & & FEEE DSBS O M &5 OV BRI OBIC g % & -3 /e & 2 72 | Saito
etal. 2015) TIEA T A ¥ —&H W TFEEMEZ 100 BEFEIZ L TW 5, ARBFETIEA ~ OEHE OFFEEIE 10 B
BThHHN, FHEEDT—F 2 3NEILT, SHIC4HAOPHEEFFZEOFEMETHZLITLY,
— NDFEHEIF LT I0RE) x 4(BR) x 3(7 7 A /V)D 120 REOFFEEE 5452 LN TE 5,
PEFEINCIEA R R 3 vid TR O THEEETH D08, AR O FENIH T X 5
Ty FPROREBRAICHSRT, BEERMICHETENS Z ERTIEINZZS, EBFMIOER TH 5 it
RS 28D, 2L, (EEBOFEEDERICL D L. ZOSKITRORRILELEL D LDE 128D
T, AFROREE S 2D, LILARBL, AV b= aid4o555b0 1THAD, &5IHIst
ENTETMEETHHD, FEMBICREREELH2 D2 L1IB 220,
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$0.62-0.80)D 58, IERFEREE (T2 BAEI O Tl B AGEREEREE - A1 iEH
FEALE D OFBA(FHREEREL 0.58 - 0.74) L W HEW E W I AR ST,

TIOXY NDIEESE

ENO1 ENO1

ENO2 ENO02
JPO1 JPO1
JP02 JP02

OT01 OT01

S

ENO1 ENO1

EN02 EN02

JPO1 JPO1

JPO2 JPO2

OT01 oTO01

Figure 1 ZEMHEASITOHRER
ﬁg l%ﬁ%ﬁ% JP: H ARFER uuu%% OT: A~A VFEH uuuﬁ% 01,02?}27{6% ID

W, BIEE OFFEE M Z i L Ch D & BEEEF Y (CBET 2 5EE i 0 FH BI£R %2069
08D b EWZ 3D, BEERM D IZBT 2 REE XA I OREEMFEFEIZ IV The b ELEL
NI SN DFEEHBE CTHDH 2 b, BFEFEEMETIFEETH-oTH, BFF
HIENG A 2R E K 0 b A 2B O S —BER B @< 0 D 2 E N RBEN D,

Fo. B A MCET 2 REEE—BERAHEREL 0.61 - 0.77) 2N FRAICEE T 2R EM —
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RFHBAGRE 0.58 - 0.73) LV L@ -T2 &b, FEEEOE T A v MZBET 2 BEILREED
B DR HEMCBWTHEEAICHE TR, /2, THIRHRENEFEO LD L LT
W—5C, BRI T A HIWTI I RRE OB EZ Z TRV E W S AR S T,

5. SROERE

ASEIOSHIBEICREENEE AKX T S B OFEEE OT — & & FTIT o 7o I/ N
B2 b D TohoTeh, AFFEOFRERI G| L2 HFEOFFEIC I CHRFEREGEE & 0 @ FE
EM—BERFOLND &0 AN rémtobﬂbﬁﬁ%\ax% Aan A O —
BRIL, EEERLONEO BT X288, F03, FEEEOREE EFEERSGTE -7
12%%?%%@%&)#ﬁ:£ﬁ¢6%@#\E%%@%ﬁﬁk%v#ﬁé@@%ﬁ%%
MO LNIT DI LT TERY, 5%, thOFFERIC L DFFEN KD > T2k CHES
Bradtuy, B ARGEREGEE & LIS O FE B REGEER & [F L (] 2 X A A L REREEEERE A L) D FF
EE— B2 A AGERGEEE RO EM— SR L kg o2 Licky, FEHELRRD
RERE A FFO L2 JEREAEE O BE T, FEH OREEN — B L TOIUTREEM — BB @ < 72
DHINE D DERGET D,

6. HiEF
AT IR E#5 THFSE(B) (No. 17K13513)3F K OEARAFZE(B) (No. 15H02729)D Bk &
ZFTnD

& XXk

Bolton, K. (2004). World Englishes. In A. Davies & C. Elder (eds), Handbook of Applied Linguistics.
Oxford: Blackwell, 367-396.

Crystal, D. (2003) English as a Global language. Cambridge: CUP.

Saito, K., Trofimovich, P. & Isaacs, T. (2015) “Second language speech production: Investigating
linguistic correlates of comprehensibility and accentedness for learners at different ability levels”,

Applied Psycholinguistics 37(02), 217-240
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D5

BARZBTOHRMRRIZEITHEEZBEDIE — Whois Fu?

HU EAd T (B KT) Yue Wang (Simon Fraser University)
aoyagi@dokkyo.ac.jp, yuew@sfu.ca

1. [FL®HIC

AIFFEIE, FEEOTHREHRAPNEETONRICB LI TEEZEL L O THSH. BIRH
(Z1E, AARFERGE DSUGES/ /& h/ZRET A, AAREOSEMAN (fu-hu OFF1) o
WELEZT, | WORKETHLL 2D Z LIZo0WTHRY B, ZoEREZBRHNT5.

HEFEE ZHCE, BRI 2R bV ERICAREILSED 2 EBMbNTND
(Best & Tyler, 2007). fHHIZE 2%, HEREDO — OO EFHENHFETH ~DOFHRITHIG L
TWD EMEPTERSIZ2Y, OV TIEHHEGE LT (Flege, 1996). HGED/ £/
EIMNE, ENENHARGED/ ¢/ &/ h AR SH, / £/ h /OIS L T/ §/-/h/& L
TN D Bl 77 vs. ). —RT DL, /f/E/hOMESFIIRS I CEbRS. L2
AN, BHAFE/ /X h/—[¢1&720,/¢/E/h/EBIZ[$1ELTHRIL, KABRL 785
(Z7vs7) o ZHUCTED, BARFEEEIZE > T fah-hah (/fa/-/ ha/) OFRIEITIHES THH
—J7, Fu-who (/fu/-/hu/) OFRIEIIRNEEL7205S.

Z D/ fu /-/ hu /O FFAETIRMEEIZ DWW TOFLRIT R 5D A (774K, 1997; Kondo et al.,
2015 %) , AIE COIFEMRBFEIT %< 7. 2D 5 5, Lambacher et al. (2001) 13 HA
ANKFED/£/E/h /I DRERN u ORFE TR L &2/R LR, TOERKIZOWTIHIFE
ATV, 2O XD, BRERENEETLHZ LTS 0D0, £bEE HAGER
HIEEEEE /-1 h 1Z DB DOENWAEFTE D008 5 T & <4500 o TH7ARL.

AW TIX, FT, /£/E/h/EEREOREICMZ T/ /& /h /BMOFE Z Mk % L,
Wz, | WOBREE fu/, /hu /7D L2/ £/ h /DRIERES D, JTTOREEER/ ful,/hu/, >
EVNWDOIRRTED LT D0 EREET 5. ZHUC LV, HAGERES 23~/ fu/, /hu/
DIFIE DREEZ DT, BEERE OF AP & 23t T 2 HERAGRE 5O S b B3 5.

2. FZATHAR
2.1 ﬂ%@u?ﬁﬁﬁwﬂ MEEESE ¢/
FEEED/ T NIXAARGEIZBNT/ /TSNS Z W, BURHARGETIZ/ ¢ /13/ hu/
ﬁ%mukbfﬁ&fwﬁffffé# AKFETIX f/ORATE L LTTRTOR
bbb TnAL koL, /A3 /TS, HFED/ /- h /D% LI
LTS Bl 77 vsoN) o LinL, BERO X 912/ ¢ Ndoesk/ w o FT@HH@E
BETHHZEND, /hu/k/duiTE biZ[du]E LTHRIL, ®E2kH (Zvs 7) .
TOREBOA PR IIX L ZES WO T, [h] & ¢ A AR THEF I iﬁ%@
MOEDOHZH THHELT S, ZOL91Z, HAEICBW TREMIZOHIERMICH XBI5

V& u RGO E/ du/ CRAT 254 H 55 (F: fan > duan 7 7 >, film > duiramu 7 A L L, felt
>uernto 7TV N, AH, u S EE, SOITEBE LT, /o AXEAIMT/ /O TE & L CHERE
T5HIENE (Bl fan>dan 7 7 ¥, film> piorumu 7 ¢ L A, felt> geruto 7 =L b)) .
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DMBRIRNZ LG, TR L THFEICBW T/ fu/l/hu/ORIEIFEEL S 20,
T/ fal & ha [T EMORE DGEDORIE EHE~NTHEHLNTHS.

2.2, EEEWERS/f/EESWREEIRS/ h/

PRED/ L, FEBEMIIIART MV E = REE 2GR AT MVIER, BB, CVIE
MR, R, CV #ERR E DR LRESIT 5T %  (Jongman et al., 2000) . L 7>
L, SRR HOFENLES L OIMEAREOMEIZITIZE AL b /IBNEERRN
(Mﬂ@mwam2m1£>.nni%ﬁt%@ﬁ*%ﬁB@;ﬁ&%@@%ﬁ@&%ﬁ%
bl Enn, BERELLTOLDL —EDOEEBHERIIRIT DO THA D
(Ladefoged, 2005) . Z @ X HIZHEEMICH TN G/ £/&/ h /IBEREEESND Z &1
%< 7<, FLTR/ fu/l/hu/REDERFTIXIZE A LR,

HAGEGEE DHFERGOEER L LT/ AT L BT b, WE[§ 1 TIHARBH 10
BEE T D Z LN EE SN D (B, 2005 %) . 2O h/EDRRAMMAOND ZE b H
D0, | W/ DEREE/ fu /- hu / TOEN~OFEEME R, ZOHTIZONTOF KT 2.

FAF NI\ T, Kondo et al. (2015) 1E, HAARFERGEIZ L > THFED/ £/ h /I%/ fu/-/ hu/
DOEFREINHE L CREETH D L LT D (Table 2(b)) . FEBEE, 96 AT X Dt BT REE
IZBWT/f/E/h/DRFINESAOND Z EARINTNDD, @H@#ﬁmﬁ_owf
IERRITAlAL 5L TUVR V. Nogita (2010) & H AR NIFEFHE 4 NOTEEGE T 525k T food-
who 'd \ 2813 B/ £/ /M /DIRFEZR LTS,

AREDFNHH TlE, Lambacher ef al. (2001) 7%, HAANKZAE 100 R4 6 5 H5E 15
M HD EBRICE D, /f/E/h X, u DBREE u/, v/, h /TREREESREHINEZME (@
2a7) PMENZ EEZRLTWVNDD, EOERIZHOWTIESHT S TR0,

. EER
3.1. BW
HAGECOHRREREE (/du/-/hu/= 7 vs 7) IZxHT D IEGEH DXL/ fu /- hu /OFIZ
DN, HAGEGS L WGBS E 2R BRICHEZT 5. £7, /f/E/ h/2ET5E (B 1),
BLOGEN OGN LT BEE TS OH (FBR 2) IZOWTHESRE, TEOREERREZIT).
I, FBEOLHE LIRS RS ORI ONT, BT FEORMEREZITH (5 3).
FBR 1 T/ WORBREO L R L1k, FEBR 2 CEESHMTORE, S5, EH3
T%miﬁﬂ_ﬁékﬁ_;é%ﬁ%%®@ﬁ:owf@ﬁ#é L, /fu/&/ hu/h
S L7e/ £/8/h /DBEERS ORIEN, JTTORERIE/ fu/l/ hu /DR, DF 0D/ WOBRBED
FRICE > TED L ITEILT B0 72%6 EThDH. Tk, BEREZRELE
HF & WS FEEHAD, TEZOLODOMREIZE X DB EETD.

3.2. A&
<EEM L723E> EBICIE, R VIR T RO/ /& h/inbiaEY, /i), /ul, lal, B
FOMEORE/ u/k OFERETRTT2OD/ ov /%G DT 4 RS R 5 1 FHixEE

HIT, Y FEIXS AT u /M (_ju/) | FEIRIEEOF 5 XF 10 3E2 6 L7-. ih
see — she, sip — ship, said — shed, sue — shoe, sock — shock % % X — & LT L7z,
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K1 EH L 7ER?

/1/ /u/ /a/ /ou/ /ju/
/f/ fee Fu fah foe few
/h/ he Who hah hoe Hugh

<FEE > RANALKIEEEREEREE 4 N (B2, #&2) NEBRGBEAZEMTHA LT 028
F Lz (A7 Shure KSM, B> 7V o 7 EH$ 44.1kHz, &1L 16bit) .

<HPHE > LUF o 3 O RIERE 2 ER L7,
EBp 1 Ak #1010 HRE 65dB IO LT-. ™
(1) fee-he, Fu-who, fah-hah, foe-hoe, few-Hugh '—“"‘"‘m |

'MWT&‘W';.M,‘,_ _—

FEBR 2 EEESEIE  (a) LFC fee-he, fah-hah, Fu-who 7> HEEEREER[ £1E [h 12 Lz o,
BIO O)[fIE[h]ZBMTE LSO, 8 R, ()lXHE L CEEBRMAE /7 &%
BREE OROIOAFEWBMSE Y £ T Uiz, BEEEAARE 45dB [THEHE L LT-.

(2a) flee), h(e), flah), h(ah), flu), wh(o) — :

O v =PSB S VT REE) T
(2b) fliso), h(iso) R ik -
5 ‘ iy

(iso: BALTORIE) e

R 3 SRS E EBRFED O b fee-he, fah-hah, Fu-who 76 FFRQ2)DEEEETFER4Y & R
TREHS CEE L, (@ BFED 1 DHOBEMASONLS ER D NGREKR THRETE,
() 3 OHDEAMA~DIYD LR NOREK TRETEHE Lz b o, 3 12 8. (a)D
TN, FATFE (EE2iTh) OFREFHEMEREZ ZVZEATVD EEZLND.

(3a) (ee 1stV, (Hah_l1stV, (Hah_1stV, (h)ee IstV, (h)ah_1stV, (h)ah 1stV
(3b) (Hee 3rdV, (Hah 3rdV, (fHah 3rdV, (h)ee 3rdV, (h)ah 3rdV, (h)ah 3rdV

——————————————————

O = NERES I 1) iy ;
) m “ “MM‘{WJ&".zw,w.u.ﬂ.._ ....... §

<FINE> ERLSNTRBIILL T O &30 38R Y 7 N Paradigm FIZYE(R Sz,
FER 1GR3 160 FIEE ([10 38 x 4 355 x 2 B+ & 2 —80 #il#4 = 160)
FER 2 BEEER DA 96 HI (2 & x4 FEERE x 45541 x 3 [F =96)
FBR 3 REEERO A : 51 96 I ([3 B & x 2 - HERBE x gating2 BeP x 4 555 x 2 [A]= 96)
HIIIERE RIS T v & DR &, ERICRIE (fi: [ he ) 7S 2R
SIND. HEREII~y Ny N CHEZRE, Em b FH IR —oREHEE T 5.
BB 1T B AGEREREE REAE 14 N (B 6, «8) LALKGERGERE RFA 14 N (3B
2, £12) C, FEGA OB EBRGEDO B MW & &, Frl/ /& h /OXFERE (who 136 0 1% ‘wh
TH/h/THEDFE) THDHZ EaMR L. M8 SR EZ AN TAFH45-50 3y Th - 7=,

2 PulIthEAL Mr Fu), fah (3854 (FV S T2 7)), hah (5, Hugh 1T N4,
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4. FBEREER
4.1. EB&1 fF&hZxETELARDRE)

F9, WFERFFEAT A (EngNS) O f & h ORIFEDO IEERITRFREZIZH D HTIEIE 100%
Toh o7z (hah 13 99%). ;ﬁ’b XL, BAGEGEE (Opn) X Fuwho & few/Hugh D IFEZE
PMEVY (B 1), Fuwho IZTHEEY 72738, few/Hugh IXH ARFETH XN HDH DT (Ja—/ta—)
TR CTH o7, FERBEEORER L BN D KGN A B, Fuwho TIXE E B0
Fu lZ%F LB O who (/ h (YD [RIZESR & EZERNE <, WIZ few/Hugh TIEAEIL Hugh 12
X LB D few (/ £H23 @, FEF OISO Y G2 Z L2563, [Fotiml2 k<
AEE (d) ERDE (K2), /we/ juTRENKRETSH S Z 30D, Jpn EkE

(TOEICS50 LA F) O few/Hugh 1T SN2 EnD Y, Fuwho DINEES SR SN S.

F/H Word ID Correct (Jpn) F/H Word ID Sensitivity
100% .
4.5 5
80% 20 T~ AN =—Eng NS
Wy . —e—Jpn All
60% g 35 A 5
Zz 30 Ny B --8--Adv
40% % 25 N A w0 IntH
20% & 20 Y — o= IntlL
0% 15
1.0
fee/he fah/hah foe/hoe Fu/who few/Hugh - . . . . *(p<.05) for Jpn Al
\(\\“'D @e,\\(\ e\‘\o \~§° & except btw Fu/who
mF EH @ b «© < K@x&\ and few/Hugh
L. f/h FELERIE D IEZ5 (Jpn) 2. t/h FEHEIRE OB (EngNS, Jpn)

4.2, EEg2 (HEEhf=f& hDEE)

JEEREE 7y O AT % EngNS O IEZFR & akBEE IR F R ICBIR e < IZIFEEETH 5.
Jpn 1X, Fu/who 7>l &7z fu)-wh(o), X U\ﬂﬁﬂ%\é‘aﬁéﬂf: is0)-h(iso) TIREE MK T
#575‘3 BtE LTEEEORTENRY FELZRETE 2203005 (K3,4). A

DR Th DR L5 BUR TORE DO IOV TIE, B 4.4 HilorRT.

Fricative ID Correct (Jpn) F/H Fricative 1D Sensitivity (EngNS, Jpn)

100%
—=—Eng
—e— Jpn All

45 @ -
80% TN
40 e die ......‘.n...._.7.;.7._7...........
40% ) 3.0 - N o
20% 25 : o
-o- IntL
0% 2.0

-8-- Adv
©o--IntH
F(i)/H(i)  F(a)/H(a) F(u)/H(u) F/Hisoltion 15

Sensitivity (d

" o ) ( )*(p< .05) for All Jpn
fla f(i f(u fliso) except btw f(u)
mF H and f(iso).

3. Wi &7z fh OREIEZSR (Jpn) 4. i STz fh OB (EngNS, Jpn)

3 ARICHITH EBIET B L fOIEZRIL 100%I272 528 h 1L 0%E 72 5. 20 £O 100%i% f/h D 5EBEZR B 1) %
BIRLA2W, —J, fOIEEEN 100%Th b 100% THIUE, £ 100%DEBEREGVITLOFI L 1T B S, &
ST, fLhBERTOIEERTIRL, MEOTELLBEDOIHIREOIHBIEEIITER LR D.
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4.3, EER3 (HEIN-BEHIZKS L hORA)

R D SEAT 35 fh RN 25O EERIIM L TR 72 5728, EngNS TIXeRE
T, Jpn TH(Ou OLEERWVTEREERL EL 25, FAIEREZ LS &, EngNS 13512
6T, BEPEALTHRITFEDORBRBEDT DI o0 FEE»E#EL < 725 B
RECEBENDD (K5), Jpn 1X(fhu TIEZ (D72 <, (fh)e 2RV CANE Y o354
THASORPENRSI N, FFIZZ 2 TH/ WORE (Thu COREOEINRLND (X 6).

F/H Detection from Vowel (Eng NS) F/H Detection from Vowel (Jpn)

11 1.1
" N ——(f/h)e _ % ——(f/h)e
:E 07 RSN Z o7
s os % (f/hjah 12 o5 (f/h)ah
= LN @
= *a g
2 0.3 ‘\\ ----(f/h)u & 0.3 ----(f/‘h)u

01 0.1

01 L 0.1

. —
V_1st V_3rd s [ for V_1st V_3rd

5. FEE M BHEAT f/h 8% (EngNS) 6. FEF 51T t/h 8% (Jpn)

4.4 FEDH (C) LFE-HBE (CV) OHE

WE, FEOREILFEDA (C) IV b&ERELZEoT (CV) TRELTHD (G
<CiV) (C\V & C O CHFIHATE DR C+5). Fl2E, [f1HMEY b[ fa 0T HER
HOXF 2 —7p EEFBIERN L, EREEHEEE LTORZL, &BRE FHING < 2 40PERE
Jom EL#IFESILD (McMurray et al., 2015). & Z AN, JpnlL, / u/OEE CIX+E0
HDFFVHRIVEEDR @< 72D (C>CV) (K2 TEB). DFEV, fah/hah X fee/he 1> H A &
T[], [h )DOFRIEEL, JTORBEREP R RIND & EAT25—FT, Fuwho b
SN[ f], [h]TIE, BERTIETE TWER, Zndns £t oiEe
BRI END ETERLRHS>TLEI L EZXD. —HOATTE TN, Thz
GLREROIRIZE - TTE R RDEVI Z &L, —BAURTIICKT . 2k, &
FIZ[E1E[h B DR TE T TYH, /[ WORRIZK Y/ /8 h IR FITRD 2

#2. it &7 C OFRE” & AT OFERRO[FE” DORE . (Jpn)

C cv C cv
f/h fah/hah f/h fee /he
Jpn All 4.37 A 4,57 Jpn All 4.05 A 4,51
Advanced 4.65 A 4.65 Advanced 4.42 A 4.65
Intermed H 4.50 A 4.65 Intermed H 3.64 A 4.52
Intermed L 3.89 A 4.36 Intermed L 431 A 4.36
C cv
f/h Fu/who
Jpn All 2.91 N 2.10
Advanced 3.89 N 2.37
Intermed H 2.67 N 2.26 )
A C Lo Cv TRERE RS
Intermed L 2.31 N 1.60 N CEY OV CRER T
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EnD, BEBMNOHANEEZ SN TWDAREERE LD, £z, T
Boomershine et al. (2008) D7 L7= 5% & BEOMRIEEDOENEHLT L0 TH 5.

5. famLSHk

INETRTERZLIIE, BEAETH, BEEHROATYH, EHOATEH, HARAY
BRE I O RS BREE & T/ W OBREE T/ £ /- h /OFRBIRE MR (E N 4.1,4.2,43).
TSNz, | WOBRE T, [F U 5 C DORERE N Ofmt ek CV Tiifb+25 2 &
(Ci>C\V, 2F Y fu)-h(u) > Fu-who) BREONTZZ &1L (44), /£/-/h /2T, LVIEE
B2 B ALY, X0 MR OBFBEMBAOFRIC L > THESNTWSE Z L2 RTEEX
HID. Flz, BE CVIEZC OHRERDICTHD, W zﬁﬂiﬁé—{ﬂf‘%(%é.
BIO RS E LT, AAGEREIXEBES/ £/« h /OHOMHIRHIZITE R & LTV TOH 20N
A[REMEDN S D . Werker ef al. (1985) 728, JEFEah&E Nt A U /f>/:znu0>$b%5ﬁ§0>%¢iﬁ%fzié%
HAELTCERRAECERWVWRIESHEET T E L TUIRETE D Z 0 bRE— RTOMREE
TR LTCWD Z EIHEET D0, RO T VA TIEENERIET DICE L2V,
F70, | WO ORIRDY £/ h /O RFAL L FEBISH LA 5 X E 23 & W D G FREET
HITUX, FRRREEZ LD ER, EHSICHEEREME L T ER, o, / u/BRE
OELIFR TR (FRTIERL THIFF) OfR) 61;57?4 LR AR T D ERE, RO
FIENKE LA 9. BUE, f/1-h /| OFBEEROREREIC L DE(LESHTHEn, Zo
R EZNCHE SR %?ﬁ%imké&nﬁ@%ﬁ%%#ﬁé% RIEH L THATHD.

SHEE: ABFSED —ERIZ Simon Fraser University, Language and Brain Lab & Department of Linguistics /1 &
B &5 TiT o, £, WEREREICLEREMMCSHHWEEEE L, ZTITEHLET.

& X#k

YrkkiE (1997) [96aR5E 570 HOR - BFJEAL.

HERZ (2005) [HARANDZ O DIFEEF L v A ] B KIERE.

Best, C., & Tyler, M. (2007) “Nonnative and second-language speech perception,” In O.-S. Bohn & M.
Munro (eds.) Language Experience in Second Language Speech Learning. Amsterdam: John Benjamins.
Boomershine, A., Hall, K., Hume, E. & Johnson, K. (2008) “The impact of allophony vs contrast on speech

perception,” In B. Avery, E. Dresher & J. Rice (eds) Phonological Contrast. N.Y.: Mouton de Gruyter.

Flege, J. E. (1996) “Second language speech learning: Theory, findings, and problems,” In Strange, W. (ed.),
Speech Perception and Linguistic Experience: Issues in Cross-linguistic Research. Timonium: York Press.

Jongman, A., Wayland, R. & Wong, Serena. (2000) “Acoustic characteristics of English fricatives,” J. of
Acoustical Society of America 108 (3), Pt. 1, 1252-1263.

Kondo, M., Tsubaki, H. & Sagisaka, Y. (2015) “Segmental variation of Japanese speakers’ English: Analysis
of “the North Wind and the Sun” in AESOP Corpus,” J. of Phonetic Society of Japan 19 (1), 3-17.

Lambacher, S., Martens, W., Nelson, B. & Berman, J. (2001) “Identification of English voiceless fricatives by
Japanese listeners: The influence of vowel context on sensitivity and response bias,” Acoustical Science
and Technology 22 (5), 334-343.

McMurray, B. & Jongman, A. (2011) “What information is necessary for speech categorization? Harnessing
variability in the speech signal by integrating cues computed relative to expectations,” Psychological
Review 118 (2), 219-246.

McMurray, B. & Jongman, A. (2015) “What comes after /f/? Prediction in speech derives from Data-
Explanatory Processes,” Psychological Science OnlineFirst, published on Nov. 18, 2015.

Nogita, A. (2010) “Do Japanese ESL learners’ pronunciation errors come from inability to articulate or
misconceptions about target sounds?” Working Papers of the Ling. Circle of U. of Victoria 20 (1), 82-116.
Werker, J. & Logan, J. (1985) “Cross-language evidence for three factors in speech perception,” Perception &

Psychophysics 37 (1), 35-44.
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D6

HEEREREICLOREDOET DM HIHT
BRI FEDEZEITONT-

woEE (KPR |, B @ iRy

kenkyuhhs@gmail.com, t-nozawa@ec.ritsumei.ac.jp

. KHIREOERELEW

INET, BEORFIZ %?éﬁM£%®& X, FHEORELRE/NRICT 572012, F
FEEER S & PSR ORI RS 2 AN T2 S8R5 2 bl @ﬁéﬂf%toit\#lmﬁﬁ%
MR L LIEGE, EICERT 28 %@howfﬁﬁbtﬁ D720, ARBFZET
EREFE RS R I L AEED/,Le, 2, a, A /D 6 DOREFOMTHIFIIOWTHELZ, TD
Br. PASHE W, SEm/, WENE&RS TS & LCRIE L, &t - EORERRIC L 55D
SR OE T OW TR L 72,

2. FATHR
21, BEELXEOEST

BOBRCTIICEAL Tk, MFEFEICL > TAMPRERL2GE 050, BIROEEGED
RS, e, 8, 0,u, A, w/D 7T O EWD FLfE (0] 1996, Kang 2013, Hwang 2015 %%) 233 T

o KIEFEORREZ 2OV TIL, Ladefoged (2003, 2006) CiX. /i, e, 1, ¢, &, a, A, U, 1,0, 9, 2/D

uﬁ&woﬁ%@méhfméoﬁ%%@i%i\ia®%$@ﬁﬂﬁﬁétff@<\E
WOREH OEDORTHRCE DR S ORLENS R > TnD (A 2005),
22, BEFESEZEICLIIREOBENVEMREANR

FEED/, 1, %, e/ DRFFIET N CHIERE Tldd 528, fiERE (F2) L LTOEAWIIE
NHY ., OOBE (F1) OFEAWH R % (Ingram and Park 1997, Ladefoged 2006 45), % ™
e, ZHHDFHEEBME DT HDITIE, ZEND FL & F2 OJEIEICIER 2 B H
0%, WEFEREEREE ORGE E@ﬂﬁ%%KOWTﬁ\W&M&@ﬁw@k@&@%@
FHDRRNETH D Z ERHRE I TI Y (Ingram and Park 1997, Flege et al. 1997, Frieda and
Nozawa 2007 72 &), A/ WEGEEFED/A/ & L Tlal & /e 2 EEFED/IZHRE L TW5D &)
(Frieda and Nozawa 2007), “EIZF VT, Ingram and Park (1997)I2 L % & [EFERERES
FEOMNENDFL & F2IEAETHY | /e/l/e/DFl L F2 A% THD EMELTWD, Zh
OORFEOHWNICIT, BFERICERTIUT, BEOHBRNE< 25 2 L2 A ARGENGESE
DOFEIIN BT H AL TUWN S 2N (Ingram and Park 1997, Frieda and Nozawa 2007) . #[E REREFERGH 13
FRESCHMEREICED LT, 20X I T V=R LRV, FEEORE
HIE & AR O RBITAk T 2 EHm D5 LD,

—J7 . BED/EFEFY DIAMIOWTIE, BEFFRREEEE S 205 OREOFHINIIE
ARETH D Z & HWME SN TS (Frieda and Nozawa 2007) .
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DX O, HERERGEE XK D RGE ED/M,1, &, /DG BEOESEIZE LTk, JeiThRE
MT—BLEREREGETVDIR, WINbBEREVRHSEE CROIRE TOREIZEL
T3,

3. AHRDERE

ARFZETIL, AT CTEYD B 723580 6 D ORE (i,1,®, 6 a,4/) ITDOWT, kT
HrEORBEREST D, BT E LTHEET (). &% (h)., g 1) 280, £
NENOBREAHT DEEORFTORBNCHOWTEHE Lz, ATHFFE Tl EF o Tz
FERPABE OMIC R LI 2FEEB & L TN =0, BFICEET 28507 4~
YEBREO F1 AHEIZENDS ZEIZRY, BREOREIOMENZEINDI O L THRIN
572 ThD, T, /eNIaFOri i Bl (F1 OFEHROIKT), /il (F2 OEEHEO =
ﬁ):%@Té*kﬁﬂ%nfwéﬁ(umwmn\:@’&%%Eﬁ FHRE T D HFED
WIS 2L b PREND, FTNPHEET D & F2 Mk L TR N3 25720, o7&
BEITRRDBENT I ENTHEND, 2O DRI OV THEZITV., T DOWRGE

g
2179,
4. EEBROFIBE
41. TRIEE

KIGEORFEGE 44 Q0RO R4 X EFEMH L, 4 40FEE O
X, =a—a =224, BV T7x1=TIN14%4. ?4x:yyyM1%f%é F—

— K% (Auburn University, K[E7 7 <) OEBRENO a2 2 —X O HD [ZEEHRE
LkomW/mW/4Nm/mm@ﬁﬁf%bt2Mm%ﬂﬁE®$HkLfﬁﬁtto72
FEOHIZIX, A% (Pete, Pell) ROMEEIREE (het, pon, pul) bHEEND,

#£1 TARMEDOU AR

i I € ® a A
hVt heat hit het hat hot hut
pVt Pete pit pet pat pot putt
pVn peen pin pen pan pon pun
pVl peel pill Pell pal pol pul

42. BESW

WA LS L, %R, BEOTEESTOF & R ZRELEY, EXicEL T, i/
FZxE LT L 1~131¢§< [@l13/elZk LT LI~1TfER <. a3/ LT 1L1~1.6 fi%
Eholz, FRCpVn/OBRENHEREIZL IR IOHEGOENMME D KREhoT2,

D pVIOBRECE L CIREE SN E OSENTE RNz, B SICH L CIEEE & /1/0KE &2 RIE L,
T ANy MIBE LU TIIEE EAVXE O 14, 2/4, 3/4 OFEFEIZOWTENENFL & F2 ORIEZTT-
72
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74~y MBI L TE, hVy e /pVr e Tk, ZRENDORFE O F1 & F2 BEIZFEBED
WA m L, GBS ORMEAESCHTH AR L 5B R0 o T,

/pVn/TIE, /hVt/ & pVIIZHART, /i, 1, e, @/ 1E F2 3@ <, Ja/ & MIE F2 MR o T2, FFIC
/2/? F2 (2407Hz) 1Z/hVt/ (1789 Hz) &/pVt/ (1897 Hz) DErEE LV 2 L < &< . Labov (2001)
OFER L —8T 5, FLIZBI LTI, /i, 1, & A/13/hVY & pVYDEREED F1 L IFIE[R U2 it
WEHE S Z R LT DA, e, o/ TIE/pVn/OBREEIZE W TIE F1 OEHEEAME < foCo“Cb\Z)o
IpVn/iZ. pVUEREE LSS — 8T 5720, P (DFE0aT)) IcLbmEL
HEHTE B, BB ELICHELVRRNALETH S,

IpVUDREE L NIX D 41 Bz o0, T X TORE O F2 OEFREMENZ £,
BFEVICEREINTWDLZ B0 D, ZAUTFEEOERIMET HNOEFRB DD D
“dark | (#ROZAL Lo A A XMy : (1Y, SO H A A EMmEmesang 1) " LT
KEINDZLICL- T, BEDKOZBICHET 2 & W) ERATT 5 R O & B
DIREESTWVNDE LD LR TE S, FOEIITHONTIE, BFICL > THANEZLRY . A v
X Fl OJEREN LD EL 20 J5fE L TWD, 2RISR LT, /&, a, MIX F1 OJERREAME
<720 BRELTWD, II/hVY, pVUDEAEIFEAEED LR, 2D X, I
XHATT 2 REEHRELT D & RIS, PfE & IARE O %2 AP (R & L ThE1b)
RHDICTHEHEELTNWDZ EnNbND, ZOMAILFHEH~OBITHHEDIEE L B
72> T <,

43. ZERAZE

FEBRIT. VY, /pVU. /pVi/, pVIDZENENERE Z LI T 72, ERSBME L, FH4
WA, MW 2 RPUE O T HEIRT 5 HA TG S8, @R [4.1.) TR
L7180 (F1E22MH). ALe e, a, MDD 6 DDWNTNNOREE 2ET0ABEWRR W UEEWEE
ThbH, fn LEGEIEEF LT TIER, HEORY TR LD, TLi0 Lok
T L7z, BIZ1X, het X pen ERIUFEETHDHZ &, putt i put TiZ7e< but &[F UF
BEEUETHLZ EEBI LT,

FE X 2 [EERIT L, BHERIEZ &2 48 8 (6 £ H X4 56 X2 [B1=48 {#) ORI E I3

LHAHMi & 225, BWNREILT v # MBS L, TEREORRIAIC L2 EE2BE L, g

TEV, FEBREORTFIEE L L 2T, 4 OOFEEREECTEF 192 H ORGSO KW A 30 LA
FTH L7z, &9 TIREEZ 10 31E 8 ATz,

44. ZEBRSmME

FERBINE ﬂ;;llmﬁ%zz% (18-35 7%, BE6 4., &M 164) THDH, T XTO%

HEIHERELRGEE L, TRBEORPICEE L WL FEMEL RYFRAETH D, HARMTE

JEIX 143 » A~1543 #H’Cﬁ)é SEEERE/ICBA LTI 1~9 BxF (1 @ very poor, 9 : very
good) DHMNBHIESEL HITHER LT,
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5. %E%&"#ﬁ
HORTHERE COYRIEERLR 2~5 IR T D, 4 DOTERE L 6 REE 2 9k5x
%mgﬁ (2 LT BEIE D3 T OfE R, FEBREDO TR (F(3, 63)= 41.782, p<.001)

HOEME (F(5, 105)=35.469, p<.001), E&RE L REDOLZHEIEM (F(5, 315=19.140,
p<00)E VTN HLEETHoTZ, ZEIHBOFER, /2R TRTORENFEFREDKE
BT TND 2 ERNDo oIz, T pVn/IEIfth OF BREE L W A REICESE DML (p<.001)
MVHIZ/pVY & 0 IEERBME (p<01), e/ TiE, MVtIThoFREE L AEICEZERNMEN

(p<.01), /&/TiX. MVIIOFEREE XV AEICEZEER GG p<01). pVIITPVYE D H
B IR (p<01), /a/TIE, /pVn/ & pVIIE/MVY & pVIIZ R THEICIEE R MK L (p<.001)
/an/ot D IpVIDIE 5 BNIEERIME (p<01), /A/ T, pVNIIMO B EREEIZH X THEICIE
BRPMED -T2 (p<.001), LLR, /&N, lel&lel, la/&/a/ Dl % Rl Zima #ED T <,
5.1. /Ji/&/N/

A/ & N DOBEFROIRELA B S AL, JeATHI9E & — B3 246 %2 4572 (Ingram and Park 1997, Flege
et al. 1997, Frieda and Nozawa 2007 7¢ &), 2{KHIIZ/i/ % G Te5ED heat (55%). Pete (47%) .
peen (42%) | peel (47%) \Zxf 3 HIEEHR LD /&= ETeiED hit (67%) . pit (84%) . pin (39%) .
pill (75%) (Zx4 D IEZREN EmV, EREZIZ, FEERSNNH | heat & hit, Pete & pit, peen &
pin, peel & pill OXFELED LI LTI OPNWTA VY H Ea—% LIzt 2 A, [HEOE
S WO REIENE P -TeD, FERICINERIZENH>TH W22, BEROREL
EEZRWVER L2 TS, B, pV/ TIERE R ORI 2 2Z03MUOBRKE LV BHE TH
HZEET42.) THE Lz, 2O X2, iEAMIHEEZRLT O E W D FERIZF - 72 012iX

B0 FOXBEZETHULEND D, DF V., Hl21E heat 7> hit 2HIWFIZK S 7ZBRIZEE D 23
KO MHZ hit ZEESRATEFREMEDR S D, pVn/OBREEIZEWTIL, WE/e/ L FEZ D

BAND T (24%), W E/e/D Fl DFEL, MV E PV T/pVn/OEREET/hE W,

52. Je/k/=/

[l L[elZDNThH, ZILD 2 DOFREBENSTNE WO FERE R | T E —K
L7 (Ingram and Park 1997, Flege etal. 1997, Frieda and Nozawa 2007 72 &), HEREEIZ L - T
LIFD 2 SOHE SR Siiz, e/ OIEERIT, MVt (48%) 3 /pVt/ (63%). /pVn/ (69%) .
PVl (77%) L 0T LAY, LU, /e/DOIEERIZZ DK ThVY (69%) ThHbE,

X, BEWE (het) NEEEIREE (hat) NI RDHBEZET OLEND Y | fe/Dal/H
DY K - T2 IS EREE 2 e U CRAWREMEN S D, L7end> T, DB CIEEBRE
DEEZOWN TV, /pVn/, pVIDE O LENIZE > THRETT 5,

@l DIEZZFRIT, pV (47%) LV /pVn/ (39%) & /pVITIRYY (32%), /pVn/Tle/% /el & ]
BT o BRI, /T REORITIE RS (FI OFEEOIKT) LAl (F2 ORE¥HK
DOLEF) \ZBEIL., NNz EIRIRTX 5, —J7, /pVITh/a/i3/e/IZBIENREF L
TWBHHR, ZZTiHe/D F2 Nl SN T WA= EfFIRTE 5, Ll /e/DIEERIC
BL CIZZEDIEERNE L (78%) . FARENED,
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53. Ja/&/n/

HREEIC K > T2 oOMMIZy Nz, £3. WV, pVYORAEF DBREE TIL, 72%LL
FOEIE T/ EINDFRBINTETND, Zhid, BTk e —&KT 587 TH S (Frieda and
Nozawa 2007 72 &), —J7. /pVn/Tid/a/ (BEEREE pon) %/a/ (pun : 45%) &K 5285
W5, pVn/TIE, /a/ &N BT LT, ZOBRIIpVIOREICEWTHEAbh
7eo F7o. pVUTIE/a/ (poll) Z/a/ (pal : 49%) 23/a/ (FEEBEEE pul @ 23%) (ZHIBrd 2 &
IR TH-oT2, ThiE, ZOBEICBO Ul /2T EF0m S (F1) TEELL., /a/&/WEE
DRI (F2) OALENIV, TOFEE, pul (a) ZBL TUd/a (47%) LI LT 0vo 7
LRLHND,

2 /hVY DRI DS F(%)

R
i/ h le/ el |/ /a/
heat /i/ 55 44 2 0 0 0
hit /1/ 28 67 2 2 0 1
A het e/ 1 7 48 | 39 1 5
gig hat /a/ 2 1 27 69 1 1
hot /a/ 1 0 1 9 77 13
hut /a/ 0 0 3 5 10 82

3 [pVUDEITEHIE DHE R (%)

R
/il N /el Jae/ Ja/ /A/
Pete /i/ 47 52 1 0 0 1
pit /t/ 14 84 1 1 0 0
g% pet /¢/ 11 6 63 | 14 1 6
T | pat /=/ 2 2 48 47 1 1
pot /a/ 0 13 72 15
putt /a/ 1 1 10 86

Fz 4 pVn/OEIT AW OFEF(%)

R
i/ N /el Jee/ /a/ /a/
peen /i/ 42 57 1 0 1 0
pin /t/ 21 39 24 4 0 0
@ pen /¢/ 1 14 | 69 | 15 1 1
& | pan/&/ 2 2 57 39 0 0
pon /a/ 0 1 0 10 44 45
pun /a/ 0 0 1 5 15 66
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5 pVIDO T Ok R (%)

eI

il ol s | e | o |

peel /i/ a7 | st 1 0 0 1

pill 1/ 16 | 75 5 1 1 2

E Pell /¢/ 3 8 77 8 1 3
# | pal e/ 2 0 63 | 32 2 1
pol /a/ 0 0 49 | 27 | 23

pul /a/ 0 1 2 0 | 47 | @

6. #Em

A al O EBRE L, WEEREREERE (XA L, el & e/ DO HIWI AR EETH D &\ D R THAT
e L —Ed 5, L L/ ENMIELTIEZING 2 > OFBRO RPN HE TH 5 (Frieda and
Nozawa 2007) EW 9 T ENHMOLNTEX =N, SENKET DRESCII S D i DR
XINDDOEROKFBNIES TIEARNWZ EXRH LR D | BREICL > TEROXBI O
GEFEAT D Enbinole, o, ABIRICSIMLIZERSINE TEEH 2 57EL LT
AAGEZEGLTEY, TOREPREORBEMNEHRTETCND Z EAMIRF S, FEEE
[IFEFED T B W TEIREOR SITEA LTV RN Z L binolz,

SEXH
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0] 5%9(1996) = o7d %, E AL
A7 2005 AH AR A ENE, STk

ABFFE TR FAZIFTE C (16K02650, WFFERFFE « HFE M) OBz T bDThH D,
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PO1

PEZEZHELTHIRFEFEEICLIRFEFROMNE

I MERFRTR) - KR (REAEERT) - K B+ (FEXT)

lixinyuel22000@163.com* luomiliang@gmail.com * rhayashi@kobe-u.ac.jp

1. [XL&HIC

BREbLREEFEEIZ, B0, BY . BELAREOKFGOMEI 2 2 - 82 &
5 eV D Z LR O OERE STV B (Tickle 2000 i), — 5T, BE ORI REERLE
LIERIGEREHE O TR MM A H 5 Z & bME SN TV, EIFEFORMBIZIT, Fo
S RS -ME - FERESOESHREERMIBEEL TV 2 ERMboNTEY ., &
SREIC L o TEOH RS B 72 % (Johnstone 2001), Campbell & Erickson (2004) T Ak 4
REFEBEEICH L, BRHIZFHIL TIANY 735 W) EREIToTo e 2 A, BxDE:
A T TR —F ISR R 5 7o TR U T BT ZERBIRESN., 2O XD RMEOM
ENBEEF R OB A ST ARER D D LR TWD, BARBEHEIZBNT
1T, BB S OB XY M (S 1996) RO FARBLEEN TS LO0, EIEIX
B2 LD THDLDIEETHMLENRNE W IHIFRFHEPNBEHLTEY., BAEHEOH
BB WTEIEORH, R HbONDZENIFEAERNEEIND (M 2011), ZOD
e, AAGEFEHBEICLDEEEFOEL, MREICOVWTIEIINETICTHE Y £ D%
PITOITZRhol,

AWFZETIZ, 2oL EREb LIC, TEFHELNGEL T2 AAGESEE (LUF JFL)
ZAAGEEFICEENDEE 2 K EOREME CTE 200, AAEFERIC L EES
FOMENRET D0, £, FEHEIZRE ST WG S Z AT IOV TH S 79
T2 x2HET D,

2. ZTHIR

21 BAEBEFEEICLIREETFOEL - R

HEIF (2001) T TR MFKES AL THHEY) T8XH5A456) [25 T 08 %
o Tt X TRy THE] MRy TARL A L) 6 DOREERGEOEHIC
WTHHT LTz, ZORER, EARBEEE =3 L F—OFEERZEN, TRD ] Tt o RS
Fom<, M) Tidfmb/ha<, RERERNRD LN, Al (2001) TiE, %1
B ORI TR RS TRV LW BEFRO REFORWNT ] & TIEEEOR )
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J1 ZoWTHNTEITo 72, [FEEORIWAT ) OB NS AWM ETOE y Tl
BT DEFRORWNT ) K B2ERNR S, THEEORW AT OREKKERE & &5
HOREET DEFOMOT] ZVRWERRITWDS, 2 00RO HZER T8, =
N2 TH AARGEORIE G FAELIZIL, BEFEOE v FRZ— o ROFeH, FORE SR
RKESBEHGE LWL ERXThD,
22 FEAEBEREBEEICLIREETEOESL - ME
TV 7y Hil (2006) 1E, BAGEFEEN B0 THELA) TRy T#EXx] T8V ©
SHHOBIEZIAD THEE LIz [T T 2 ARARGEERGEE . 7 AV W SGERGEGRE . WE
FEREREREE ICH VT H BV EORIFIZHE S LD DOMNITHOW TG 21T o 72, £ OfER,
T AU T BERERERR AL A O IR ST O BERERE A ISR BRI m o 7o, B AR RERERE A
DIEEFERE BN . ZHIFARABRE DGEOEKR & REST IS L 2 FRoOMICER%
WU THAI EBRTVDE, ZOBICE, T80 TEYY MEx) NERRS,
ZORKIZE y FHREFOREIBEUL TNDHZETHDHE LTz, IHIT, [HELAY
& TEEW ] BIRFEISN DS, ZOIRKIL FO i/ MEDMEWZ L & FOREIN/NMINT &
Lani, F£o, BEREREEGEE L Y ) IZOWTEERPFICENZ & bR,
Ak (2011) TiE, TEEE) MR @S, T8e) Thid) (hedd), T o4
1 R CERM) @6 > 4 & filigaE & L, Mk LEERITICE Sz Ty &
EE ) DEIFIZONWT, B 7 NBARFEEEE 2RI 21T oTc, T DORER,
el WS ERIGEOREANEETH D Z ENbrole, o, 77y MIOFEIZL -
RS ORI O HEL FE 3 72 2 WlREME, S DICIEBRROR WA EFE TIIREDT 7 b
T B D EAE OREE K EE T & 2 FIREME S RE S T,
ZOXDIIENFEFEE D AABEEFNORIE 2T T D8, REEEE & AR O & 58
HHNDA, HEFOREED B AGEREE 5 OMRICHET 2wt bR S,

B2

l

3. BARREBEFAICKIHIEEER
3.1 R E DU SR

Z < OEATHRICE N TIE, =7 v U PR L EANESN (Ekman 1992) AW HH
TWD, AFRICENTIIMOREE & L<ET s and MEx) & i) 24
MHERSNL, BEEICHEESND E@E SN TND ] (Calm) ZBANL 72 (Tickle
2000), ZHuc kv, TE0y &y TAEL A ) 0 4EEEZ 5L LT,

FNEGEIL, EEF (2001) 220, HEE B R D ORI #2 R S THEE O %2 %
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BT e SN OEARTE—REE], VNEFSAL TRA>) T12 B [530ho7z) &%
WL,

IO DORIFEGEEEZ 4 4 0 AAGERERGE (D& 24, LT IN) (2, TELHRETHEAD
OPEICEEZ R T ORI RL, BB L H 1 NUTHE3MEFEFLTHH o7, 1 H
HE3RAZRE, OFE2RHAOREZRIMEL Lz, ZOX5I12, 3t64 F—27 2 (4
x4 A x4 44) ORIPE & IR LT,

3.2 R E DOl & EIR

FIE DML 5720, kLT 64 h—20 L% T U X NI~ X, 54D IN
[ZRE, 4 DDEIEND 1 DRSS L ISR Lz, TOME, BEEEEICL > TR
ZNEWIEEER G LN (TEOY 70.0%. 220 ] 763%., [E LA 68.8%. [k
88.8%). 64 F— 7 AT EIEIRERORIFEE & L,

4. FEANBAREFEEZNRE LI-FEIREER
4.1 BEEREER

32 THRONTHIEE 2 W CIERGER 21T o7z, BREFIITEELNGEE L, HAGE
HIT 5D, BARMIERBRORONKRT: | B4 14 4, 2 B4 14 4 (HARGER B N3 &4
F).3FA 144 (N2 AHE) BLUBEA 144 (N1 AHE) THhY ., Gt s6e 4 Tholz,
64 b—2 & 16 BT HOT U F LW~ Z, 4T LTz, T EHORIEE#=R D
AITLZ 260ms IO R SO G EZ R L, £ D 600ms #IZHIEE & #25 Liz, fE OfEr
%, 3s MIOMETLARFM 23 T 72, 5 &kt T RORPE 2 4r Uiz, BATHRITIRERRER] 15s
ZAN, ATATTNTR T T2 DITK 6 BRI o7,
42 XBRER . PEABREZEEOHE

K ICTHEROMBEAER A 78T, Scherer et al (2001)TIX 9 » EORFEGEE xR E Lz
RA Y EEOREIER 21TV 9 # EOREERE 2T ¥ A LUV L EOIEER TR £ IE
LR TELHELTND, AFEORIRTIE, 1. 2HEDIEERIT457%., 553%
BETHY ., PEAGRFAEE T HATRRE S F 2 IEHICHTE TE TORWATREMEIVR
SNTo, HREEFOMFEOMIM 2 LV 5020 03 IR0, K1 ICJFL OB IEE R %
7R3, Scherer et al (2001)DFEHH & FERIC, TH#F) OB RS EFRP(®H<, WIC T
D1 TELZ ] EWSNHICIEBE RN TR o7, e, =V 7Y - 74 (2006) (2 S
N2k 21z, TEY) OEZEEBEBIERSRD LN oTz, EHIT, LIZRT X9
2. VREENSERA E THEREOEGR T Tl o, EERN ENRDZ L LRI
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77,

®1 BZEEORFHE confusion matrix (%)

14 EBEU BY #HlLésy TH 284 BU BY #HLA F#

EU 36 27 16 21 EU 45 27 5 22
=Y 17 51 15 17 =y 19 54 13 14
HLH 8 15 44 33 ELH 5 8 52 35
T 18 7 22 53 T8 9 6 16 69
3FEE EU BY #LH T BesE BV ®BY #Ls TH
EUY 55 24 6 15 BV 59 29 5 7
=Y 12 69 7 12 =Y 17 69 8 6
ELH 2 3 64 31 ELH 1 3 65 31
T 1 6 12 81 % 1 2 14 83

F 1 OFERITABGEEORSE . BIEEE S Bl 21T,
100 ~ —O—FE - -B) —0—ELA -0 -EU
80 A
60 -

40 -

(R) #HmH

20 A

4.3 BAERIEEFE DBEEFENEFE

K2ZUNE S D b — 7 % RGBT B BU(FO) ., -2 fi v S5 A JE I #8 (FOmax)
AR FEA A P (FOmin), FHIE > F L o P (FOrange). “FHEIEHgRHE(Dun)ds L OA1 7
YT 4 OWE R K E(Int) &R,
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x2 TIFSA OFEMNRE

FO(Hz) FOmax(Hz) FOmin(Hz) FOrange(Hz) Dur(ms) Int(dB)
BV 436 439 297 142 672 83
Y 338 345 196 149 660 82
ELH 237 261 212 49 623 73
i 289 305 234 71 666 80

EUY OFEFIZRNTL, EOFEDOFEEE G VL) 271%DmWiERT [0 ] & OiRE
DEIESNZ, 2T, BAGEO [EQ) OFBBES, FO B < . FaEHH R
DR AVT UV TADBREVIEICERLTWS LEZE2 65, Zhid, PEED 17
D1 (B 2011) IEITREY, ZOZENRFACFEINTHD EEZ DR, AAED Y )
T, EvFLUURRELREL, EyFHBROTERNPEETHY , FEHME LTS LAA
(creaky voice) HBIZE STz, =V 7 V- FH#Mt (2006) 2 XAviE, T | 3R 23
—HEL L IEERS —FEOD, ABIFEOR R L TR oTWie, ZoZ Lk TRV ] O
BWVWEBEBRH LD TIERONEZZDBND, &« I (2007) (ZBWT, TR OFft
RERIZS TRV D | JO RV EBRRON TS, Lo T, BIFEOEA WG AR I R i
L., SHICHRICEEL 525 EZ2 015,

Flo, EER) & THEL A BRFENR OGN, ZORKIE, RV EARJE R & E o5k
WE Y TF LUV E WS REBNEL L TnWAs Tz EEZx 65, LA OFFIL, FiH2
oy TR R TH D | FO Femfi & R AR S TFgR ) K0 IR<, TR SXKFILTWD
ATREMEDS R ST,

S

I

5. £&H

ABFZETIL, AAGEREEEE Y B 180 ) TARL A TFER) ORI 2 A TR IS
KLUT, FEABARBEFLEEDED LD IZHRET DT OV TG LTz, 58 D R
B OB, BIEMRE O EERPLT L HE <20, FEEFR OIS, EER
H ENRS T AIREMENRIBE SNz, 72, 4 OOBIEEFOF Tl NEFF) OIEZERN—
Fm, B0 CTHoOMEPELEETHD Z LABIEINE,

WIZ, EEEFOETBIREICOWT b a2 7o/, B0 Tld, FHREARERE,
AR B L O, T v T g e bic—Fm <, TR LA TIRREARER S, e
Frfihf, A>T v T4, EvTF Lyt hic—FKhol, &b, MFELA) T,
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Ve ey FRR B S, RWIEERERE, ROy F LU ERT T LiRE S
N5 EHBEINT, SBRITBHOFEBEAHEC LTI LITHRFTIL TN Z & T, HARGEY
BHHEDP AARGRRGEE 2T - EHT 2RISR E 22 D02 W ENIC L THnE T,

HiEE
AWFEIT R FaF s e (Fk B) AR5 17H02352 O E D —HTH 5,

51 SCHR

Campbell, N. & Erickson, D. (2004) “What do People hear?A Study of the Perception of Non-verbal Affective
Information in Conversational Speech,” Journal of the Phonetic Society of Japan 8(1), 9-28.

Ekman, P. (1992) “An Argument for Basic Emotions,” Cogniton And Emotion, 1992,6(3/4), 169-200.

Johnstone, T. (2001) “The effect of emotion on voice production and speech acoustics,” PhD Thesis, the University of
Western Australia.

Scherer, K., Banse, R., Wallbott, H. (2001) “Emotion Inferences From Vocal Expression Correlate Across Languages
and Cultures,” Journal of Cross-Cultural Psychology 32(1), 76-92.

Tickle, A. (2000) “English and Japanese Speakers’ Emotion Vocalization and Recognition: A Comparison
Highlighting Vowel Quality, ” ISCA Workshop on Speech and Emotion.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.409.4169 (2017 4= 7 H 30 HEJE)

V7 vy Kb« FHiZEF2006) T2, B8 ORFESEE S HFOMEIZE 2 5 8—A AR5, @HERE
FEERGERRE 2R L LT—) HAEUENES (W) [HF3UE] < A LBHIR, 31-46.

EFFHQ001) [ IZE N OB FILOBSESE 1, 37-43.

) 25582001) TTFFFORWANT] & THEEEORIG DT ] OB 2 FO 32 D8 BEREMTERE
£t 31(10), 39-55.

BWEL T - HEB—(2007) [7F 7 =235 L7z [0 ] OBHRR & BETERRIG 0 FR55 00 &
W R SRR B A B I R A SE AL 30, 65-70.

FARHET-(2011) T HATES IR B B O M —o o7 N AAREFEE MR OMAZEICHH LT— &

78 15(3), 14-25.

I

Fas T 1(1996) &M « BBE AR OB R OME - RO D D CAL A7 F X FOIER—EENE E

g5a

D GE & L Z—)
VR T AR ERET R A B A, —fRATIEB)IF TR T, 21-40.
FIHE(2011) (H@IEROTERGE T RO |, BRI 220 18 5T

e

g BEZRT AARGEE R ORMZE - 7 0 7T AOMEIZET 20,
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P02

EZFEE nnnﬁ%lﬁé:%)* E)I'o)
EHMERAMLRNEMEBEICRIZTHEER

LR R (EBRE RS E BRI ZEET (ATR), 405 K2R Fe)
WH B (EEREXEE SR BAIERT (ATR), #07 K5)

1. [FLC&HI

HAGERGEREE X RGEEFOMRTIZBWT, RiEE HAFEOHR %?%&Emﬂga
FOMREPRELRGENDH Y, kx RBAPLOWEPREINTND, Iz
Bw@mNW%)@ﬁu(mw)i PEHFEF R DA ML ANLE &I SRR, 3K

REFERR AL, TOomES, BS, BE, BEEHED 4 >OFENEMEFNRND L L
“CE%U‘?Z)OD WXL, HARGEHNEGEEIL, FCEIZTFERNVICTHZEERLT,
% 7=, Tajima and Akahane-Yamada (2004)/%, HAGERFEE S ICKEEO TS AT E
KL, %%@ﬁ%@%@iéﬁk%% BHEON T FBRRETHDL Z & 2WAE L
Teo —77, BAUARICIE, BHi, FEOK, (L&, TOMERA RERDPEEL TV
LEREMERDH D, WZiT@mwMAMMmXMmh@%@T %, HHiBEOEMESS
FENDOFEOICHEL CIEZEREN TR ENRENTWS, LrL, FEKDOE
BOEAWRERITIIF SN TV, £ 2 TR T, HARERGESS 2%
LI, BB LOA ML AMLBOMEIERETY, FEMK, E-5OME, THi
A b ADOAE, REMK, BT, SHEENFEOREL RZEMICHR Lz, AR
T, FABELEZERD S B, REBOESVWNKRE Do+ HHK, EFEOME, &
g, A ML ADOMEEFLICRET D,

2. Kk
21. EEBREmE

HARGERGEREE 17 B (B 11 4, &6 4 ; uﬁ%woﬁ,ﬁﬂiﬁzhﬁgiﬁ
ZNE L L=, EBRBINE O TOEIC A= 7 1% 330 £ 5 940,520 L TRV, HiE
BHRAEOWIXIEN-T-, T — Mok 28 1 FU EOWIARERBRN 2N &,
TWHRBEDOEEN RN L 2R LT,

22. RE

Syllable Count Task & Stress Identification Task @ 2 fE$H DR A U 7=, Syllable
Count Task CI&, Bl Z X 7m S HFEDO EH A 1~ 12 OBIRIEAR ¥ 6 [EIZ LT, Stress
Identification Task TlL, A LV ADALEZEHGFEOHKY (TLV7 7 Xy ) EEd~vU
27 Vw7 LTHE L, RHEOER, MSORGEE PC EOERT v 7T LTl
L7z, EEORRIENY R7 20T, EBRSMEIIZITE 2720 HEL BIELT
L EIICHIR LT,

2.3. F#
OFFEMKL, QEFHFOME, OFHIK, @R FLALE, ORFHK ORT,
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DOEFHEETHFEOBERICOVWTHRDL - OHEFELREL, 6 ORI E v M(AF
1008 FEYA{ERR L72(F 1), TN DHDFEEZT AV D RGERGEGEE 4 4 (B2 4, k2
ZYVIRFET L D& filF & L7, Syllable Count Task T, 1008 FE(HI¥ & ~ b 1~6)
%, Stress Identification Task Ti%, 717 E(HMtE > M1, 3, HZEMHEH LT, ThEth
T NI ODT ay JIChdlmd, T ay s A~NFOER 6T ny s Lol
2l7uy 7 EEBIO NI A4 T VEOBBRERT,

F1. 4y FERAELZER, EEOBKR #2 £7vay s CHEALEHREE NI4TV
Hk . R e
bk AT 5 ERK 5 SCT SIT A= R N T AT IVE
1 O F AL 360 v v A Syllable Count 336

2 QEFHDONME 63 v B Syllable Count 336
; @HHi )13 v v C Syllable Count 336

@A b L ANLE v v D Stress Identification 239
4 @B & M Ak 144 v v E Stress Identification 239

®HF 108 v F Stress Identification 239
6 B E R 120 v

¥ SCT = Syllable Count Task TEH L7=HliEtE ~ MoV ~—7
SIT = Stress Identification Task THEH L72fliktE v MoV ~—7

24. FHE
6 >D7 1y (A~F) ZEBRWEHRERICT VX LRIERFTE L, £/, &7
oy s ORMEERIERSEZRSBMEBICT X LICHBELZ,

3. #HR
3.1. OFERBHOEE

P >~ b 1% 4 B O 15 4 B (Syllable Complexity) & 3 fi¥E D E Hifk(1o~30; A&
FClE, HREGE 2 k3 2 S Hidk %2 o TR EMAG b &M 229 252 3 T
S Tc, FEMESEIFTITRO LB,

- SCO : REFORIZICEM (EHLRWY) FHERHDH CVC,CVCVC, CVCVCVC

« SC+1 : 2 oD FHFEH & &1 CCVC, CVCC, CCVCVC, CVCVCC, etc.

- SCH2: 3 SO FFE#H & G CCCVC, CVCCC, CCCVCVC, CVCVCCC, etc.

3.1.2. Syllable Count Task D &R

K ERBINE ORI GO EEREZWERER L L, +EMHASCo, SC+1, SC+2)

HHEi(1o~30) % ER & L7z 2 BRDOGBATE2ITo 7o, TORER, FEMAB X
OFEHE O EHF1L 72 <, ZHEAEHF4,64)=2.763, p<.05] 3G B 72> 72(X 1), FALRE
DFERBADLETELEDDHE, 1 EHiFEDH, SCO, SC+1 > SC+2 DIJEIZ EZE RN
Molz, DFV, 3EFFOHMICH LT, EEXERNPEKL LD I ENRBINT,

WIZ, [FE L EMoEs (TRE LEEEHR — TEMEEHR)) 2B EHRe L,
[FER D BT 24T o Tofb R, B O E2NRIF(2,32)=17.460, p<.001], ¥ L& Hi
o T2 HIF(2,32)=22.578, p<.0011 XN HEZ > 72(X 2), TBREDFKEREADLETE L
WHE, BIELEMOESE, SCO<SC+1<SC+2 DIET, I ADHE~FEIC
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K&L 2otz, LEEN-T, +EBRPEMHRITE, EBROEEHKLV 2 K252
EWRENTELEERXR D, £77, 30<20<10DNET, 7T ADFHM~HFEIZKEL 72
ST, DFED, EHEHENDVEEWIEFE, EEOFHIEKLVZI 2D bR ENT,

100 . - 100
—o— | &HiiE —o— 2EHiE 2
P
g0 —O—IEE _ 80 B%b@
o E1s E
4] *
60 noy I 2 60
B o ; L l = —o— 28 —o— 3
% 40 £05 ; = 40
®) 3 _ i
o) + (%)
20 *0 ; 20
-0.5 0
0 sCco SC+1 SC+2 EH#i% 10 20 30 10 20 30 10 20 30 SCO SC+1 SC+2
cveve ccveve  cccveve O FEHR sco SC+1 SC+2 cveve ccveve  ceeveve
FEMA FREMA
1: Syllable Count Task (Z [¥] 2: Syllable Count Task (Z 3: Stress Identification Task (Z
BT 2 WIS O IE R B D IEM L B OFES 1T 2 W S k1 O IEE R

3.1.3. Stress Identification Task M &R
K RERBIME ORGSO EERE2MNERELR L L, +E#HASCo, SC+1, SC+2)
L EHiIE (20,30 EK & Lz 2 BER GO 21T 72, ZORR, REERITRL,
HAERL D E 2 F(F(2,32)=8.846, p<.001], & Hitk D FEhHEIF(1,16)=5.226, p<.05] 3 & 72
S72(% 38), TIMMREDEREZEDLECELEDDHLE, SCODEERN/MOLMEL VA
BN -T2, D FE D, T E N EMEIC 2D EIEBERBRNEGL 2D 2 BRI NI,

32. QEFENHNENHE
3.2.1. Syllable Count Task D #EE

fligty b1, 206, 2HEEOEFHQ EFE, 3 HFE), £OHBAEGEH,
FEAR)B XV 3 EOEHI B (1o~30) M AB e &FLIT2 T 144 FEE ML L T
Mz,

3.2.1. Syllable Count Task M &8

K RERSIMEORPSGMFEO EERENEBEKE L, ErHQETHE, 3 ETH),
friE(GEEE, #EHR), TEH(1o~30)2EK L Lz 3 BERO GO EITo72, T O
R, TORBIO2ROLZAEER T, BMR AN THELE > T(E & &L
& [F(1,16)=7.696, p<.05], 13 & T HI$K([F(2,32)=5.257, p<.05], 1 F OMLE & FEiK
[F(2,32)=6.845, p<.005]), FILMREDHEREZGOETCE LD L L, 1 FHIFE L, 2 EHTH,
3 EITHELLIHEHDOIEZRPERIY bAEBEIE o720, o LFIC >0V TikHk
— I ZRME TR D BN Tz,

Wiz, B L Efg0Es (TRZE L EHi) — TEMEER)) 2ERERE L,
DT EAT o TR R, B, BMRZAEER, 2KRORAEEANRETHEREE > (&E
1% [F(1,16)=19.042, p<.001], /7. [&[F(1,16)=26.862, p<.001], I &i$X[F(2,32)=37.996, p<.001],
HAH L LEF(1,16)=9.495, p<.01], EH & & FHiMIF(2,32)=4.048, p<.05], T H &L
& & HIER(2,32)=18.182, p<.001])(X 4, 5), FREDEREGEDLETEL DD L,
EfNLOESE, 2ETHEE3ETHE LIS, GBI > GBRDIE, £/, 10>20> 30
DNETI»>Te, LIBn->T, EFEIEERLY bEEHICHDIGE, BLXOEHEN
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BROBFHEH LD 2 A D T LRI LT,

&
»
S5
o>
o
"

2 2
iE 1F
w2 1.5 2 1.5
H h
5 1 P 1
» D
= 05 £05
o N
7 +0 T +0 p
05 -0.5
= 16 20 30 10 20 30 BHIHK 1 20 3 1o 20 30

e 5 5 =
= B EXR

EXR

2ETFE
4: Syllable Count Task (231} %
2 EFHEDOEM L RBIEDES

3EFE

5: Syllable Count Task (235 1T %
3EAHDIEM L BIEDES

33. QEHHNTE
It v b 31T EHIE(1o~60) D&M Ai72 3 213 55 TR S iz,

3.3.1. Syllable Count Task D &£
K ERSINE ORI KM O EEREWRERE LI FREXToILEZ A, B
¥ (1o~60) DB FITA B 72 - 12 [F(5,80)=6.568, p<.001] (X 6), ZEILEDOFERE F L0
L&, 20>10, 30>40>50>60 DJETIEZERMEL o7z, LEEN->T, 1&H
FELUSNDSMETIX, FEENE 2D ICoN, EERNKLS RS2 E0NRBENTZ,

100 2 100
15

Y 1 e O\D\O\O\Q
19 & 1

60 ’
= b =
z ® =0 ; 40
(%) 20 4 -0.5 (%) 20

= 5
-1

0 0

10 20 30 40 50 60 -1.5

= 20 30 40 50 60
Zaigy 10 20 30 40 50 60 ol

[%] 8: Syllable Count Task (Z
BT D RS D IEE R

[X] 6: Syllable Count Task (Z
BT 2 WIS D IEE R

[%] 7: Syllable Count Task (Z
B DESMLEZEDES

Wiz, BB L EMROES (THE LeEHK) — EMEHK) 2tREEE Lk
FREZITo R, TEE ORI HEET - 12[F(5,80)=39.994, p<.001] (X 7), % &t
O R A E L5 L, 60<50<40<30<20<10 DIET, EMNLDFEFITT T
ADHENCKREL e o2, £72, 10~30 DEZILI T T A TH o712, 5o, 60 DFELy
I~ A FTAThote, DEV, EEHEN D 1~3 FHIGETIE, EEOSHIKLY
A DDIH L, THEDOZ 5~6 FTEIREOTEEITEREOFTH K L D DL
x5 ENRBEnT,

3.3.2. Stress Identification Task D &R

K RERBIME ORGSO EEREMNBER L L, THi%(Q2o~60)% K & Lz
FREZIT-T, TOE, TEEOHENEET - 72[F4,64)=30.523, p<.001] (X 8),
ZEEBOMREEZE DD E, 20>30>40> 50 > 60 DIETEZEENMEL 2o Tz,
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Liziio T, BHifDBHEALICoN, EXERPEC D I LBRRREINT,

34. DR PLARAMBENDEE

Fli%t v b 30D, 2~6 FHiD 201 FEICHT HEREZON Li-, BFIISEET A b
VADNEThHo7e, EHIE I LIRS OKER TR > TEBY, 2 FHiFED A
MU AGLESMEE, 1 FHA L 2 FHBO 2 kY, 3TFHEOR ML AESMEIT 1
THiH, 25HiH, 3EHHED3IKETH-T-, 6 5HizEOR, 1 EHE L 6 THAEIC
ARNVANDDLHEORN A+ ThHoTzl20, TN EERANA LI 4 KETH-T-,

3.4.1. Syllable Count Task D #EHR

& FERSINE ORI KO EERECRERE L, #MEMHE(Q2o~60)Z &LIC A k
VANEZBERE L FREZITD, AEEZETIRO NPT D, AR
VANEDEBENRIWN ERRB I,

I, BIE EEMOAES (TEZE L EHH) — NEMSHEE) 2B AL LT,
F S (20~60) T L ICA R L ANEEZERKNE LI FREEZIToZAER, 2, 4, 5, 6
HFHFEICBWTA LV AMLEOENAE Th - 72 (20[F(1,16)=9.781, p<.01];
40[F(3,48)=9.127, p<.001]; 50[F(4,64)=9.613, p<.001]; 60[F(3,48)=3.994, p<.05]), % HE LD
MREFELDDEL, ANVADNENBERMEICESIZE, ERNLDOESNT T
ADFB~NKEL 2D ENRENT,

3.4.2. Stress Identification Task D &R

K RERBIME ORGSO EEREZMNEER L L, FHEFEQo~60) T LICA b
VANEEZBERNE L FREZIT-T2, TOME, ETORFIZBWTA L ALE
DB RN A E T o 2 (20[F1,16)=11.620, p<.005]; 30[F(2,32)=26.847, p<.001];
40[F(3,48)=26.176, p<.0011; 56[F(4,64)=19.087, p<.001]; 60[F(3,48)=4.087, p<.051)(|X| 9), % &
ko ReE LD L, ANV ADOMENERMEIZESIZE, EEENAFEIC
Kb Z ENRBENT,

100 100 100
80

60

& H
(o) ]
o o

&

&
(<23 ]
o o

S H B HE A
ey
o

40

# ¥ H
&
#»H

20 3 0 4EHE

2 %
S

# W HSE A
5 8 8
% &
5 83 8
®
o
2
M@
]
=
évﬁ
mf
=

(o 2 5 EEE o) 20 6BEE
0 0
EI1EHE F2TH FEITH FA4TH HEOEEH E2EHT  HIEHT  PAEEH  EOEFH

9. Stress Identification Task (21} 5
2 - 6 HHiIEE O R S AR 5 O IEA R
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4, B

HARGEREFEREE O 2RI E T3 T 2 IEZRIL, FHMRE T 89.83%, A~ L A&
HIETIX 69.56% & & Ik oTo, MENER D 2O ET O S E O EE:O T
TERVWHLOO, BAREREEEIL, ANV 2AMRORLRLTEH KOOI NN
HThDHI ENREBEINT,

# 3. FHiMER LA N L AMEMEIC BT 5 & ER O E

S A N L AR
} T HE B R 72 35 A O B R
T HE R 1 BHiEED 3 & 775 © Wi Wiﬁﬁ 75
=
1 FHizED 2 HEFE, 3 HAY
EAFONE WZBWT, EFENGEHEICH D
B A IR
oI BEEE NS L BT FINHE HHEIE N L T2 51T E IR
ARV ANEDPFERAMEIZTD
Z kL AN WL N
k & m iy 13 LR

BEROEEBIZONT, FLOLMEELE 3 ITRT, THIAME TIX, BARENES
FlX, BEHENSLL 25138, BEHIMRENKNEZ /2D 8 ghoT-, £, 1 5H
FEORHIZENT, FEERBIOEFEOMEORENRD LT, ZOMO5R
HTITEENR o2 D, TEMKR, BEFEOMEOEEDES WX BRI
EWEEZLND, KIZ, A MVANMBEME T, BEORIBICEM-END DKM
DEZRIFIKLS, 2BETE, SETERETEBRPERLRLAICEEENEL LD
TEMNTRENT, £, FEENLL2BHIEE, BLOA ML ANENERME IS
WIZ EFIRE DRI 22D Z &N ole, TEHBMRSSA ML A ENZEST LB
DVWTHLNCTH70ICE, GBI OLRIRFDBULETH D, EREDESDT —
AL, AELZERETICIEBWT, FEHEBRDR0EE, EEOEFHKEI Y £L<
Bz b Engnoilz,

PLEOFERNG, MU T, SR LEERITEMEICESH MRS XA ML AL
BEHRICEEL WD ZENRENTE, 5%IF, AROERNPOHL N -8
WIZEREH T, BEOFEFEIZOWTHRF LIz,

235 UK

Beckman, M. E. (1986) Stress and non-stress accent. Dordrecht: Foris.

LA/ (2015) THREEEFRDOA MLV AARICEIT 2 EEEORE EREEE
& HAGERGEREE OL-) [F 29 B AFF P 2E RS TRE] 68-72.

Tajima, K. and Akahane-Yamada, R. (2004) “Production and perception of syllable
structure in second-language speech.” The 18th International Congress on
Acoustics, Proc. ICA 2004, 1V, 3321-3324.
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P03

PEFEFEZEICLIBRERFRBOMTE —FHARDER—

iR MR (P R RFRR) MK BT (BhE K5 LW B (EEEERGEE SRS
e < ATR> « #fi7 K5F)

1. [FL®HIC
A ARGERFERAAIZ BT DI FCIX 250 Sv TV a 28 (85114 2002, 77 H 2003, Kubozono
et al. 2011 %), TN HDIFE A EITFERA & AN ORFEZRRIZLI-bDTH S, L
U, R SND 3 2DOFRTHHESF/R/, BEF/N/L ARE/Q/ O, AlH Rk
M CHIRFENEZ 5 ATREMENH 5,
[ H (2003) 1%, ERKICEBIT 5/R/ EN/ORFICOWTERSE Lz, LB (2014) 1%
FERGE DYN/ZRAZ (Bl zX, TRIK) &2 (5 —A ) 12) BiET 25608 H D Lk~ T
Wb, FRICEIL T, B (2002) X, [T7—A ) ZHMTH EIELL [F—oA ]
WX B HERIT 60%7208, a2 =07 —Af %L TWAh] LWHXTE, T4
WCHERAMHERNE LR, 7 —A ) EHEIDMERIT 0% b & LT,
F7o. A (2005) 1XHGERGEEEE MEHE 2 R EIC %%@é@ﬁh%é:&%ﬁbko

L L, 20 OB OIRFRI Z B BT 7208 T8 TIiE, RO N7k DIRIF L 2>
WoTHLT, ﬁ%éﬂtﬂ@ﬁ%@%hfwé Xﬁnfi FEER O OIR IR 22 R AT
IZET 572912, R/, N/, /Q/. ASLAHI<IEDF B O BMRIC DWW T H AEREEEY &

¢EAHK%?§%%ﬁ% 2ODMEERAEIEL CTHRET LI, EBR 1T, BTt
ST HEEEIREE 2 OOE-BHEIMEREZITo 72, EBR 2 TIX. XNO., B EENn5
HEEIRZE 2 R, MEEREIT- T2,

2. XE&A1
21. Hik
211, HHE

4 FFEOM (R/N/Q/M) TXILT 2 3 HHi 4 #1OME R GE/ta?paka/, /tapa?ka/, /tapaka?/
(=RIN/Q/ET=1F72 L) AWz, 727 ®y MR 4 F¥E CEW/ESE/TE Uhe ) &
FeERfa oA E 3 (GF 1 BEIE 2 HHIVE 3 5 H) 2MAG bR 205 b,
[ B — X H | 5 XT3 By 2R J1 B XTI L 4 FEFEOWOXMNL 2 EBTED 6 By FO
4 FEEFEME L (F D, 2720, BHOETEy NETEERD Y, EEEZERL &
215877 -7,

BUR T EREERRE (e, 40 ) B EETINLOEETNLN 5 BlEikh EiFeb
D%, IC La—F—%H\T, 7V 7 44.1kHz, & 1{LIEE 16bit DF 75 7
7TANE UTERAF LT, K58 5 BIOFEEED B R R 28 0l 2 7~ 38858 2 il 1
L7z, FSEEDR 1%, 2 HHEIEE IR 365.95msec. 3 HHiEE TIX Y 534.66msec 72 -
7o

Fl—ty hORRD 2FEEMAEGDLET- 6 55 (B ZIX, ¥ —s"D-Z XT3/ % 37 -
By INTJ| By INF B =X TJ [ B IXT) B —INTJ [ B IXF) B NTJ [ BT B NTp) B 2 FE

£ AXTIFBIAZE<T> (Independent morag), EFET o



FHDNEF (MMM)TLFth/Fﬂﬁlﬂﬂ%ﬂX2@%® ) ORITRE A ERC L
7o HIGEE & MEE O RIZIE 1000msec DEE XM A A LT, 6 T b, &FF 72 1@
(QEX6tyF)®ﬁﬁﬁ Iz, #2—& LR UEEE DR 7= EE T o Hli% s &
YERR L 7=,
21.2. ERSME

AAGERGERGE 154 (20~40 F) EHEANBAGETEHE 154 Q0F) B"&ZML,
EERIEE T, MARFORPELERFREAETHo T2, PEABRBEFEFEITLEHAR
FEREIRRBR N1 O BHE T2 -7,
21.3. FH=E

FRNREE T~y R 2l L TS 2 7 o X DTSR L, FERBINE 2

v KRRV BEIZ 2T 2% 72D 2 DO FGEDE Uiz ik L. T%é@@$<
F—AR—RDOED B TOHNTEF—EMLCHET DL IICH R LT, FIMOERE S
DHUFFIE SuperLab (ver.5) % H\\ 7z,

=1 EEBR10ORHEE
SHICAWEZARTRLUEZ, BREOSERAISRDLLGVEFXERICBEF T TRL:,

8 TR E EEE FEd (A 2488) FEd (A 3EE)
()
g 2 3 1 2 3 1 2 3 1 2 3
(&—/\ 2N\ 2/5h (3 \— 28\ 2\l a—\ [ 7/ ) 28 a— EIR N
R h —h - AV —\A h— AV ] \—h \H— 1\h —\% H\—
AN A YAV CAVZEEE-AVASE - AVAY A\ | #/%\ EIA 2z LU A%
N h vh v AV | h hy AV | >h \V:% N\Ah | AB B\
VA A% XAV A\ EAVANE - AVAT 29\ | 2/%\ EIA By LA LA
Q h wh v AV} —h hy AV ] vh \hv I\A w\# A\
YAV A XAV EAVAS EAVAS EAVAS EIA EZA EZA E2AY A A
I\~ ) \_ 7 B \ 7 \ 7 \ 7 \ 7 \7 \ 7
RRENRIEHBICHEINETRT .
22 R

IEZSRIT, AARGEREERE A 13 98.3%, TEANAAGEFEEIL96.9% L m< . 7 /v—7 [
DENIRIN>To, & I THROGKRHZIEBARE L, REE (HAGEREEEE /T E A B AGE
FEE). Ty MY CEARRYFERYRER) . xtOFER (TREERA-FEERA ) xb/ TR ER
-B324) k) ZERE L7z 3 & Bt 217 o7, ZORR., BEEe 7780 b
RO HAER[FQR, 116)=4.16, p<.05]. 7 7 &> ML 5o fER] D22 HAER[FQ2, 116)=18.34,
p<.001], FERED EZhE[F(1, 58)=18.32, p<.05| 1 H &= > 7, FEANHAGEFEH 1L HAGE

REEEREH L 0 BUSK IR <. TACBUEDORS R, A ARGEREERE S CYA & ha s 722
DT, RENHARBLEHELT 7 MRUC K DR otz (X 1), £/, T4
PRAA-FRgkn ) xh e TRpR-B i) StoZEPTEE oA TENZ, LT, 727 &'y M
Tz, 3eRLES BT (REEE - AEENE - XFORER]) #1To72,

R TIX, 3 DOEROZAEHD 2L, HEED R D B4 E CIF(1, 28)=9.74,
p<.005]. FEAN B AGEFEHH ORISR T B AGEREEEE L Eho7e (K2), xtoofd
BNZHOWT, ZZHEAMEMH. EREE BT 722 L s, Bkl £ o 55 o 5SHE
X, BRI & BETADORBIOE A L ER 2o WR D, BEEM T, BRE & 3o
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BOZZHEAER [F(1, 28)=5.86, p<.05], RERED EZHHF[F(2, 116)=4.16, p<.05], A&
ZhHL[F(1, 28)=11.30, p<.005] 3 H 7=~ 7= (X13), HAGERGEGE O [HEM- fl%‘:%k#réu xT
W3PS TReERIE-B i) kL0 ooy, FEANBARGEEEE T, =
W0 Tz, TENHBARGEFEE OPOSK T OR300 63 A ARFERGEEE
LV EDoTo, RN 2 HHICH DO RISKEFILH 1 HHIOSGE L0 o7z,

SHE R CIX, BB & )t fERI Oz BAEH [F(1, 28)=5.86, p<.05]. FRED EZhF[F(2,
116)=4.16, p<.05]. A& O EZHE[F(1, 28)=11.30, p<.005] 0¥ FHE7Z~7- (X 3), HAGE

REGEREH O TR ZR-Fe4a ) xhoxt 32 SO M TR ERA-E 32 b K0 Bovo 7228,
PE N BARGEFEE Tl ZRR0 o7, TEANBARGETEE OROSK T OfER]IC
6T, BHARGENGESS LV ENoTo, RO 2 FHICH 2 BRO ROSREFRIEE 1
EHiOHGE LY ENhoT,

FEA TR, ERMEOERKET 72y MEOAEOBERNDILE L WD 28, RAME
I EOERORIZH 72 <, ’EE [F(1, 28)=7.70, p<.01], ZEENLE [F(1, 28)=8.12, p<.01],
X OFER [F(1, 28)=24.93, p<.001]. T XTOEMIRBA R 7= (X 4), FEANHAGES
BEORIGHEN B AGERRESE LV EhoTe, B2 5HOKICHEMASE 1 FH Lo En
ST FEioo TRFERA-B L) e OBUGKR Y TRFERFA-Frikin) KV o7z,

RIGEEE BARERESESE RIS EFRE hEABARESTE
(ms) (ms)
600.00 600.00

400.00 * 400.00
200.00 |—| |_| 200.00 H
0.00 - 0.00
FEiRE BEEE =il FRE TEE R
TR FhHE RE
1 ERA1AUNBECEFET /L ML RGEEOBE,

Rt AARGESERE RIGHT FEABXREFEE
R ms
66m5_)00 600.00
400.00 400.00 .
200.00 200.00 ‘ \
0.00 L 0.00
BRI R-B I BRI E-E I
st ORI R DR

2 RR1:FRECETHHDER & RIGEFE OB &,

Rz AAEREEE REEM hE A AREYEE

ms

600.00 600.00

400.00 ® 400.00

200.00 . 200.00

0.00 | 0.00

BRIE-RE SRIE-B I RHIAME-HIE  SRE-E
ORI H DB

3 EE1:BEREICE TN DIENER IS EREDRERF,
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RIH AAESEES R thE A B AELEE

(ms) (ms)
600.00 600.00 ‘ - ‘
400.00 ] 400.00
200.00 |—‘ 200.00 . H
0.00 - 0.00
RRE-RRE RRm-EE BRI BE-a I
DR St OIER

4 RE1:PhEEICET L3 0ORER & RIS FE DB

LEDTRTOHHTT, BEEOEDIRPAELE 722 Linb, MATHILT 5 255055
DFOGKEIE. TEANBAGFEAEE T HAGFRGEGE L VRV EARENT, RIZ,
HDOEBRMED ENRBAELE T2 LD, BHEANE 2 EEHICAET 256138 1 F
HICAERET2HEE L VRN ENGhoTe, £lo. MORRNTOWTIE, SUSHERH 23
BT TR R IRk = TReERIN-B 2 ). BRI TReRIn-HRriken) > TRk
f-B3L) . eI TRRER-RER ) < THPBRIR-B i) Eoloc 2 bnn . Thesk
-Fppkdn g 13 THRRERI-B NI KV MR RNEETH 5 ATREMED VR ST,

3. XE?2
3.1. Ak
3.1.1. HHE

M4fEE RNQMN %= 1y ML, 3EH 4HOMERGEAZER LT, FrER ORI
W /kal & fta/m AL, REERIAES 1 GEER) . 2 GEH). 3 GER) oW ThuoFHiic
BEnsXolcliz, 778y MUIETERTE Uiz, FEGEIZEE 11 GEL o7z (3R

2),
INOORIEGEEZ X ¥ U7 ORI AR, RIESCE Uiz, F+ U733, #EGEE» S
kbR b o, PIzE TEEFT—ZAFZ V7 THEe R Y k MBS

F L] &, STEMER LTz, 1 DOFEE 2FEOX ¥ UV 7 XU ANTZO T, FISUEE
223l XI—FEOAST-HI—L16 LEMA., GFF38LEHW-, 238 %
WRRRERGE 14 (e, 40 %) BPEETHADLIT - b0%, IC La—X—%H\\T
B LTz, AN HRICEFT AL IICH R L, V7V 7 JEME K 44.1kHz,
16bit DFEETY =7 wav 7 7 A /b & L THRAFE L T2,
3.1.2. EBSmME

AAGEREGERS A 15 4 (20~40 F) EPEARATEPEA 154 Q04) BBl
RS T, P RFEOREE L KEREAETH -T2, FEABAEREETEE AR
ARE/TRBR N1 OB RETZ 5 72,
1.3. FmEE

FBRBIMNBNLE NIRRT, ~y R 2 U CJE S ETERR L, SO AR T
3RMRICHEE LICERIND 4 DORREN G, BIWTZRIESLO I A > T 5 B IRGE
ERICHDOEEDY, 72X HS ZUCHIGT HXF— 2T L5 ICHR L, &@IUKIT
HHGE & L EXINLT 2D 3R o7, Mg, &I ERIX, SuperLab  (Ver. 5) % Hu 7z,

it

ol

w
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&2 EER2 ORIHGE
BARZEOFBERUIEOLGVEFIERICBZM T TRLEDN, TNLIEXRIBEICEHLE,N T,

RO F188MGEE) F2EFHGEGED) FITEHGER)
R H—4aN INHh—73 INFH—
N V2 T AV INBRY
Q AR VA AV INBhY
| AN AVIE INFh
3.2. #@HE

EEREZERESRE L, BB ARMELZERE Lo O 21T o 72fbR%, KhH
TERDNAE T [F(3, 168)=5.375, p<.005], H[E AN B AGEFEHE DA, IEERDERAEIC
Ko TR o (KS), EREMEZEIZ, B (B AGEREEE/FE AN A ARGEEEH)
EHOFER] (R/N/Q/N) % BRICELE 5 B HT LI R A LA R IZRE T,

EER BAZEAEGES EER FEABREFESE
(%) (%) ‘ .
100.0 100.0 - -
80.0 80.0
60.0 60.0
40.0 40.0
20.0 20.0
0.0 0.0
=8 E2EE 3B BIZE $2EE  EITH
SR E SR E

M5 EER2:FAEFREICETHAHFRIBOERMELEEEDE R,

%1 EHITTIER. RAEERNRL, l%@fﬂ%@&ﬁﬁtotwaz&4wswmm
FEA BAGEFEE OEERITAAGEREGEE LV ABICE -T2, 5 2 BTl B
FEL MO OZBAER [FG3, 84)=3.961, p<.05] N HEZ->7-, HAER unuééﬁ‘i%90>$¥
BNCED 59, 1FIE 100%DIEEREZ R LS, PEAHARGERE T Mo L 51E
BEROEBMPREL, RATBIT 2 EELRIIME VIKNho7-, £/, HAAGERGEGESE &
ENHARGEFZEEOENRIENIOHRZH ST, F 3 FETIX. BRE ORI O AAE

H[F2, 116)=4.08,p<.05] A B 7> 7=, HARBREFHE IZHOFENICEL LT, 121X
100% D IEEFR 27 Lz, RENFEHEFIZIAORHINC L 2 EEROLBMARE | Rk

DIEERIZANA L VKD o7, AARGEREEREE & OEDNBRHOARH T2,

E%%*&ha/iﬂ6~@c:%ﬁ;a#ﬁﬂ& VERLE EI1H nf H AGERE umé%
b HE N A AGESEE ORI ORFEIXIZIE 220 o7 (X 6), 5 2 FH<. AAEHN
B IR A 23 72 D o T2 8 ¢IAH$%?@% wma@@ﬁwwaﬁ#&ot

(. 7)0 E/Erﬁ'(\ EIZIKED HDDE% i/rn[ﬂﬁ\iﬁ#ofdjx EF'.AEIZKE%??HQ%L Zi
IN/IS B RI~DIRFRINH - 7= ([K8),
BAZREFEOREE (%) FEABAREEEEOREE(%)
MR R N Q | THEE R N Q |
BIREE BIRE
R 100.0 | 0.0 0.0 0.0 R 96.7 | 0.0 3.3 [ 13.3
N 0.0 100.0 | 0.0 0.0 N 0.0 | 96.7 | 0.0 0.0
Q 0.0 0.0 100.0 | 0.0 Q 0.0 0.0 | 90.0 | 0.0
[ 0.0 0.0 0.0 100.0 I 3.3 3.3 6.7 | 86.7

6 RER2:F 1 FHICHTHHDERERME/NNE—2DE R,
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BAZESEEEDRER (%)

PEABAREFEEDOREER(%)

REE | R N Q | mgE [ R [ N [ Q [ |
HRER BIRE

R 100.0 | 0.0 | 0.0 | 0.0 R 63.3 [ 33 | 10.0 [ 33
N 0.0 [1000] 0.0 [ 0.0 N 33 [90.0] 33 | 3.3
Q 00 [ 00 [1000] 0.0 Q 20.0 [ 0.0 |83.3 [ 0.0
| 0.0 [ 00 | 0.0 [100.0 | 133 6.7 | 33 | 933

7 RER2:F 2 BHICHE T HHDER EME/F—2 DR,

BAREDEZEDREE(%) FEABREBEFZEEDREE (%)

e R N | %% | R | N |

RIREX RIRR

R 100.0 [ 33 [ 33 R 80.0 | 16.7 | 23.3

N 00 [96.7] 6.7 N 0.0 [ 533 0.0

I 0.0 0.0 |90.0 I 20.0 | 30.0 | 76.7

8 RER2:FE 3 EHMICHTHHDERNEEE/NNF—2DERF.
LEDOFERN G, HOREICE T, FEANAARFEZEETERICTIZE ., R
[FIEDIEERNP TR FFERMEORFRGEZ 5 2 L8 0ho T,

4., EE

EER 1 OFIRD B, FPBIOBRS TREZRI-FR2R ) DI 528 [HRskdn-A 4 KX
JICRR B REWEAE N DD Z LR EnTe, EiR 2 OFRNOIE, FERIC, R & Q 214
HIZIRFET S, N Z R LRFAT DL, FERMBTRESNDGERH L Z LR Eh
Izo THHOFERNG, PEEERERGE IREME L OIRFA L TWD 2 &N GNITR
D, BARFEOZLEOMET [Rsk-8 3] ORFO AT < Rk E - oRR Z fiF
T D1 DDINME AT O LB RSNz, IV BWEETIEELRET 520121,
Stk EROENS bBERTLBLEND D,

& XAk

[ HAEF (2003) THEENHOEE~O [FVHEV] BHEIIHOWT: [TAAEFLSE=

— 2] ZERE LT B ITRIEERSFERER) ) [EHUED 43, 117.

FEPESE (2014) T7 04X > T4 X OEEN L EMEEIIZONWTE XD | [HTEED

HEF 8-19.

B (2002) TREFICHIHET 2 HE SOV T« BARERGESSICE > TOMEOHS |

Mz RS EREIIED 25, 11-22.

FHRET (2003) [SMEAFEEE O BAGERR OB [EH7E] 7:2, 70-83.

BNZRA - BN EAE - fais (2002) THARGEFEE OR/EREOBHNICKIT 5y

FH L BN EONR ) [HEFFTE] 6:2, 88-97.

ARGEM (2005) THRFEEEIC L DR EFORG) [EE30b & AAGEAE ] 30, 95-98.

Kubozono, H., & Takeyasu, H., & Giriko, K., & Hirayama, M. (2011) " Pitch cues to the
perception of consonant length in Japanese." International Congress of Phonetic Sciences
August2011. (pp, 17-266).
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P04

BEFEOREAEODEAREGFEEICLSIEZDBEDORIELEFFIA

B2 488
T

PP (TR RS

t-nozawa@ec.ritsumei.ac.jp

1. [FLC®HIC
— Rz, REEUANDOSEEORE OMBEEREIT O BE . RO E O H/NRICT
HTIDMVYD K5 EER VWb D, £z, FEORELZZETL2H5E. T2 F5
DOFRENLE DOFEED T > 7z (Nozawa & Wayland 2012 72 L),
ZOXEIRBUREZHE R T, BEOEENFEICREREELE2 L2 LITMmbiTn
TH, TNPIFERFEFE OREOMREIZED XS ITRET 20EHE VRS TR,
STt T E OWE HIEICESZY T, BEOMRE~DZDEESNTHRATNLS, BIR
FNZIE, SEm/ E B SN OFETH S, BEIIRE O Fl  RICEET D7 4 v~ 2 FEiE
T, BEOREIICEATOERPEELZ T LN D, KiEOREEEE & 545
WL ER T, #BF0REICL 0 S5 LT 25 XR(OVNd/) TEEL LIRS O & O/
IRBI N oTo ), ARKEFHLARWIARTO &5k LR /bVAIL, $HaT 5 njee
L0 BRI SIS &V O MEDH D (Krakow et al. 1988)23, 77 A U A JGED—HH D
& TR ORI Cle/-V/FF19 % (pen/pin merger) = & (Labov et al. 2005)°#% 3% & L CTakkE
ZROFMm CIERE OB R BT AR EFOEHE LD 7202 & (Beddor, 1993)72 £ 7
LLEFITIRNEEZARAHBICT 2B bND, £lo, T AV WFGEFEAOBR L LT, &
B O] Cle/D iR S b(tensing) L, [ea] D L 9 7pBEX 2 FFoZ L% b5, K 1 IZ[H
LEEH DFEEIC LD pat & pan DWW & AV N T b9, Pan DA F2 K& < it -
TWDHDRbLND,

i 1

|

%

.

||”“

m!“ | l‘”mi

‘h\ \[]”n ‘M

X1, 7AVUBHE

rmll

ESEHE DFEFEIC L D pat & pan DB L A7 v /T A

rmll

—J5 . BEEICERT DT, AT T HEED F2 2RISR T SE5 2 Nmbn TN 5
(Olive et al. 1993), [ 2 IZ[A] UEE#E DIEGHIZ L D Pete & peel DL & AT T AERT,
Peel TiX, F2 2 L T FRELCWDHDORDLND,
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ZDO X ITRNDETTIE, SRS ORI S 1T R 28 & 2 B85 0T, HEREFEGE
Th D HAEGREDRBOREORIE « FHINCKEREEE LT TOTIIR O EEZD
no,

T |
}WMFW—

| ‘
-

#

‘‘‘‘‘‘‘

Sk

1 | N O Y e

G DIEEEIC L D Pete & peel DI E AT huJ T A

rnm
ﬂlm
rmu

B2: 7AYo

2. =EE&
21. BFERIH

BRI, 2 E TOEBR(Nozawa & Wayland 2012 %) Tl F L 7= % 75 K& ONRI BT 8%
BLEBERAMEH Lz, 4 AOT AV I GEGEOREERER (KM D32 T 7 3~ M A —3—
YCH U TIVERE 44.1KHz TEE LTz, 4 AOREEORFRIL, =a—a—27INHE 2 4.
AV 7 AN=TMNHEE 14, Vg Aar U NMHE 1A THD, 2D 088D i, 1,6, &, q,
AD 6 B Z WV, IpVt, pVo/, pVI/DOFEFREDOH TR L b OB R E L THATE
HEIICHRE LT bOEERICMHER L, 6 FE X4 5B X4 558=96 O 7K % i
ATz blhhol,
22. EBREmME

FEERSIMF L, BARDOKFIZE D HARGEES 33 464 BWSMUTER, HEETHINT
ERNSTDT, 33 ADT —HIZONTIHRD)TH D, WiRITHM S 4, &tk 28 4T,
FEERSINEE DL IE 19.4(18-22) F Th 5, Wik A~ THEEE L LT TOEIC (R) Of5
SUE. BOEHET 330 8005 990 AT 628 FU(S AN ZBRIRER N IV TH D, EEELISS
DOHIEFEOFEEN DD ERE LIZb OO0 84, M TOAEERBENH L HON 104, 9
L1 AN~ L= EERTH -T2, &8, BERITERTH D,

2.3. ERBRAE

FEBRBIMNEIL, LTDO 3 OFEBRICBM LT, ERAOEFII T TCarta—4TH
EE, EBRBINEFIT~Y R7 4+ 2@ 0 CHEHRZRV-,

2.3.1 AR SR

FRBMEF L, 1 BORITIZ 1 DOFEFRIREZREE | FRANROR &I LV B ARGED
RE 2 25 AR ORI O i 2 B Y, BATZAAGEORS L LTOR LEL A 7 BfE(1=
BL W, 7=B)Talfi L7z, @RI, p/CHEZFEREO LD 13, T 0k)
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Kﬂﬁgwﬁ&ﬁffﬁﬁb MVYIZOWTIE A MTED D X 1 TERR LT, THRED
EIZAT T, BRI L. EBRBINE 1X/pVY Tl/p/ THEE D /T D REETEL Ntk D
AR LT %®§ﬁuif®ﬁ>§: HAFECTELT D & ENN—FLWV ) EZ 8RS K D ITHER
BT, BEFABIINEEAZZEZ 2 RSNz, 29 LT, 6 REE X4 55# X2 [A]=48
B DFATHRE FHEREE Z SR S Tc, ERBIMNEB DB AKX T-O &R L T, ER
FHIn~e A% 27 ) w7 LTCROBITICE > 7=, ITLIE 1,000ms ([Z#E L7,
232 [AEFER

FEBRSIMNE X, 1 BIOFATIZ 1 SOEFFRIMAIE S, M2 2B F 2R TRIUKIC
NEBNL, A LT, SIS T EREOT T 6 £ T, %lzmbfwéijmﬁ
D FEHWZ, ZORITIEERSINE TIZHNGEADIRNGELEL LR WVEENE D503,
ERBNME ITFEOBRICEA SN TICH I 272 E@IE A RS K S IR LD, EEL
PRUNGEIZDOWTIE, het (T head & [A URFE A FFORE TR d THEARLS tIZRS72HDTH
5 ED, pul X pulse 05 s DFEEFRVWIZH DT, pull E1XRe b7 EOMMAENAT-, &5
FREIE, EFEZZEZ 2 B RSN 9 LT, 6lﬁx4£%x2E48E®ﬁﬁ@%%
ﬁf;%ii‘_}: HERR STz, TN TEREDRERIIL 8§ 2OFYTTHIESNDZ & Lo
72(4 75 X 2 [A]), HI\1mmE;§ELtOit\mﬁﬁﬁﬁbﬁwk%5~ﬁﬁbﬁ
FRPRATES Z DTSN, 4 DO T ERBEORRIAIISINE Z L IZEZ bz,

= 1. RIERERICAVERE—

lil 1l Iel lee/ lal IN
hVvt heat hit het hat hot hut
pvt Pete pit pet pat pot putt
pVvn peen pin pen pan pon pun
pVI peel pill pell pal pol pul

233 FRRIER

AXB HFREHM L7, ERSMNEZ, 1 BORITIZ 3 >OFEFRIHAIEE, 2 FHOHF
FRIED A OE AP E RBOEFIEO EL L ERUDT ) —OREEETD,
£V AAB 7> ABB & EIRT 5 Z LT ;Dmébtokﬁ%izomaénfmf\mm
D& 1L First, ABB O34 13 Last 3BT 2 L O I RENTZ, 6 DOREFEDT | i/,
Iel-11l, lel-Iel, I&l-lal, [&/-IN SRR TE SHVT=, FIENDOFHEREE CTHEE DT OF B

12 OFATCHIE ST, B ZIXA-NDGE . [il-A-HDFITH 3 D, A/-N-WDFRITH 3 O,
NW--RIDFEATH 3 O, W-I/-AIDFRATH 3 DDF 12 OFRIT THRBIBE N NHIE S v, &7
D3 OOFEFRPITT N TRRLIFEHE DOFKFEIZLDbOTHER SN, ISIL ITI & 1T
1,000ms (ZF%E L7z, FEFEERFER 10 HEMGE LW LR CRIT2HERLS Z L3fFsh
oo 4 OODOFFREOIRRIAIISINE Z L IZEZ b,
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ARG OBIE L, FIERRZ I, BEE T OSIETRRIERZ FIAT -7,
24. #R
2.4.1 HMERMEER

ETERETO 6 FENAAEOLEOREOHIT IV —DF L LTHEINZNEE 2
R, BIRRERD &, WICFUCBABORNTONT I =IO bz /51
EAERN, TRTOFERREICBNTRLS #UO?E&#HK&@lﬁﬂHL@@
. AL ITETTH D, T2 L, pVn/, pVUTIIND TA4 1 EREOD T DRIt 50%%
TFlEl>TWT, /hVY, /pVY EIZIH SRR D Z ERHRTEND, =/ /al. INIZWT D
THRREICBWTE 50%L EOZFTRE U HAGFEORE L IO 6 TiEnen, 1
E2TRET v~ 2 NMEEEOEB D ZEIT/pVn/ TD/e/0/pVI/ TD/a/ & /a/78 EITH i
Al

& 2 MERERBOBR HZLEVEZORRE( )NOHFIEXREFOBELLTRLELD

HIE DT

il 1/ el Ieel lal IN

hVt E—496 | E 750 ~ 60.6 /N455 IN42.4 /7 39.0
(4.8) (3.9) (3.8) (3.3) (3.9) (3.6)

pVt £ 53.0 E77.3 ~ 50.4 /3311 /8413 7 38.6
(5.2) (3.8) (4.0) (3.8) (4.7) (3.9)

pVn E 62.5 E 40.5 ~ 625 ~ 337 7K 24.2 INAT 4
(4.5) (3.5) (4.2) (3.6) (4.5) (4.5)

pVI E 37.1 E 39.4 ~ 428 R277 | K277 | K348
(3.9) (3.5) (3.1) (3.2) (4.3) (4.1)

2.4.2 FREXRER

6 FFEDFTHRE COVYEREREZKIIRT, 4 2O EREL 6 HE 2 HRENE
RNC U7 RABTE D3 B BT OFE R, T E BRI D EZNE[F3, 96)=47.46, p<.001], RFEEDE
NE[F(5, 160)=40.80, p<.001], T EEREE & FE OLBAEH[F(15, 480=11.38, p<001]<ku\?“zh
HLAHETHo7-, Bonferroni Til#E L7=Z BB DOFER, /e/Z R TXTOREN T HER

DEBELZ T TCNDZ ERNbnolz, /il =T /pV/, pVITOIEZFIT/MVY, /th/ot
D HHBITED 5 72 (p<001), MZOWTHRBETH 724, HIZ/pVn/ TPV LY bHE
\ZIEERNMED - 72 (p=.024), /a/lL, WIZ/MVYTOIT R pVY, /pVn/ & D & HBEICIEAR MK
Mo T (ZINEI p=.032, p=.039), F£7=. AL, pPVUD TGO 3 SOFHEREIZHSTEH
BICIEERN &N T
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100
90
80
70

60 ? FA
50 2L ¥ - .
’ / Y ’ 7]
s W / Y] / ]
/ / ) / ]
30 W / % / ,i
. | 7 / 7 /
ﬁ A UV L
S / / / /
i I € ® a A
B hvt Blpvt Bpvn Bpvl
3. FIERERDIEZEE(%)
2.4.2 HAEER
6 FEE DO/ T HBRE COPWIEA LR LN 4 1277,
100
90
80
70 o’ -
o M7 7 Z
. a --
’
i ; /
/ / /
30 ’
20 ﬁ 14 /
7 / /
10 / f ’
0

BhVt BpVt BpVn BpVl

4: FHIRERDIEZEZR(%)

[FIEEBRFIER, 4 SDOFFERE L 6 DOREE DT ZWERFENERI U 72 AR RIE 0 53 #s)
WraitoTz, ZORER, T HREOEERIFG3, 96)=13.46, p<.001], FE&F DT O EZhE[F(S,
160)=21.63, p<.001], FEERERFE O~7 O HAER[F(15, 480)=12.96, p<.001]DWF i1 H A
BThol-, &K ZHE LT, pVU/TOIEZFRENMUD 3 DO FEREEIZHT p<.05 DKAET
i < L WHT/pVY TOIEZRIIMD 3 SDOFEHEREE LY & p<.05 DKAETIL) - 72, Bonferroni
THELEZEIKROFER, UTICRT I E2TOREDORT DEZRIZLRITYH
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p<.05 DKETHEENRH T,
® 3 AARBROZEHBOER

fil-1/ lel-I1/ [e/-/e/ [/-/a/ [a/-/n/ la/-In/
pVI<hVt, pVt | pVt>pVn, pVl | hVifili 42 hVt<pVt, pVn | hVt<pVt, pVn | pVefil 4
hvVt>pVn pVt>pVl pVI<pVt, pVn | pVIi<pVn
3. f2

P ERTERE LD, BFIC#ET Dm/ & NE B ARGERGEGE OIGEORE OMREICK &
SEETDHZLNbhoTz, 3O0OFEBRERNED L HICHEL TW DL, X E R
E&Tib#@$wﬁ/W2ﬂwm\ BHH TR _72 X 9 ICRE ORI TITATR Y - SO

ICBEIT 5, ZOREBRE 2 ICHLRNLTND, feld—IC 7] IGEWEE & STy
L, BBEORICHE T [ZEWRFICH Z 25729, FEERTOEZERIIEL 25, /=/
WIENZATSL T2, FRBIEBR T D /a/-/e/ DIEZSRIT TR Y | T /a/<0/nl & TN D 728
Jee/-la) & fae/-In| DIEZEZRITm < 72 50 HHEIRO/1/IITEERNIIRTE & O FE L EHE LS,
FBRSIMENEZETERETE LT, EI00%/I/E LTHRLIZONE WD REDNKD,
4 NDOFEE DRGEZTHFRIEE UCTHER L2, 4 AOFFFARIZK L TR UG % 7R L
TZRRTTIE 2R, FNTE D FERE & iR 3 2 1Tl 2 DB RIS 33 2 [RI & S3 T3 2 2 B3
Hb, SENTAARFEORGEGEE CTh D I L LSMIFFICEELZR T TICSMELIELD | ER
FERICRE REANZENE T T, Hx OEBRSINE Z LI EREROB#E AT 5 LEEN
bD, AL, BRI E A4 C (16K02650) DAfiBhE %) 71D THD,

% Xk

Beddor, P. S. (1993) The Perception of Nasal Vowels, In Huffman, M.K. & Krakow, R.
A. (eds.) Nasals, Nasalization, and the Velum (Phonetics and Phonology Volume 5)
pp. 171-196. .Academic Press.

Krakow, R A., Beddor, P. S., Goldstein, L. M. & Fowler, C. A. (1988) Coarticulatory
Influence on the Perceived Height of Nasal Vowels, Journal of the Acoustical Society
of America 83, 1146-1158.

Labov, W., Ash, S. & Boberg, C. (2005) Atlas of North American English: Phonetics,
Phonology & Sound Change. Mouton de Gruyter.

Nozawa, T. & Wayland, R. (2012) Effects of Consonantal Contexts on the
Discrimination and Identification of American English Vowels by Native Speakers of
Japanese, Journal of the Japan Society of Speech Sciences 13, 19-39.

Olive, J. P, Greenwood, A., & Coleman, J. (1993) Acoustics of American English
Speech. New York: Springer-Verlag.
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P05

BAESEREICLDITEBFRADMELERR
B gkt CRRFRFERER) - U BT (ATRA T K)

syuiyang@gmail.com

1. [FLBHIC

HEREIIZE SO FFHDO KBNS 5 H3(Chao, 1948), FERFFEFEE 1XAR & Ak o i i CrF
A RIA T 2856238 % (Chuang et al., 1972; Kiriloff, 1969; Wang et al., 1999; Wang et al.,
2003; Yang & Akahane-Yamada, 2016; fill). %72, Z OIEFOF G T AT L > THEAe 5. Wang
etal. (1999) X7 A U B PFERFEREE xR E LT, WODFFHD 2 HD 2 D& A
=X = b - AT OHEEHIGE (B 20, bei, béi) 2 HIIGEE & U7z SRR G O A SR
BiTol. FOREE, FEERTI—F, ZF>NUE>_FOEICK N L. £77, Wangetal
(2003) TIET A U 1 Je5BRRERE A ICH B HiRE 2 B S, T OEF 2 PEFERNEEGE IS
~PUFE, FIETENTHRV] O 5 SOBIRE ) SHIE S 2. Z Ok 3, %Eaﬁ@%fé%@%
P GEE DR T Lol & EE DNRATEF RN — 8 L) X —F > > R > =5

DNEIZIE T L7z,

AAFFETIL A AGEREERE S 2 x5 L LT, TEIEFFHOMT IR LB EOIEREZIT,
FAIC X 285 B LU O & AR OBMRIZ OV TRRET L7z,

2. Ak
21. EBRSmNE

HAGERERERES 30 N (B 14 A, 2otk 16 A5 18~28 3%, 21 5%) B&Li=. 28F
EREFE BRI /e oo, FTe, REFEEM S I To—2 AL EOFEERER S 7o T,
22. FHE

4 OOFEFHTRNLT 5 P EFE S ERE (] 21F, ba, ba, ba, bd) 2 14L& L, 36 fH 144 3
ZRMEE & Uiz, HlEGELE 1 AOTERERGEERE (i, 23) 23Fes b, o7 U o 7)E
WAL 44.1kHz, & ALFSEE 16bit TT X NMLL, BR 77 ALE LT LIZ b DOEE S
g E L.

23. FHE

FEERBAREIFZ, PEFE— AAGEDO AL VLT 5 EBRE N P EEFFHOHAN B A
FETCRANETY v N ERAE, BAZ A BT D L LI 4 oDOFROETE g0,
FRHOBENEZHUR LTz, ZOHRO%E, FERZBG LR, ERTIIRBORTR, OG0
B IX_Toy o THIE L 7=,

AR FEBRTIX, ERBINEFILEH DR TNy a 2o Ty RV AT THED,
F—R—REFSTHZELEZ. & FT7A4 T/ TIEL 1 DSORGB L TEN & F TR
THIFEETAANTZHZELEL, 4 DOFINENE LA TRV A OT 4 AT VA RIZE
AENTZ (K1), BRI N T4 TBICT V& ARNIEICEE S, EBRBINE I3
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CRTEEFE B UERE ARSI IICHR L. WS EIL N TIA T AOEET 1 [l
THEASH, BOIRLE Z L3 TERhol-. 144 ORI E %2 T 0 XA LRIBTER LT,

(]

1. chéng 2. chang

3. chang 4. chang

1: MR EEROEEH

A OIS WL ERSINE (TS #RL, Tz ERL THRE L. ERS
MBEANIFROBICERE L THRETTILIE, O UDHRLE. ZOREET T
U v 7RIS 44.1kHz, EALRSEE 16bit T XL L, EF 7 7 AL E L THMLT.
%2 6 NOHERERFEGES (M3 N, B3 A 22~33 5%, W) 25 5% BXE O F = & 75 i
TRINET D 4 FHEOE A D) BbOENITHEZ 2 570>, BIEOMEER L [F UiskhER
MU A WV CREE LTz, — ANDOFEFER 134,320 257 7 7 A /L (144 FIPLGFE X 30 N) %5 (5
BRBINE) D7 my 71T THEE L.

3. #HE

HEFEBRIZONWT, ZME LRI L OFEHIEEREZ RO, Ffl(—F~HE) 22
Ke L, FHIEEREZWREHE LT F REZIToTLMER, FAaIC L > TIEERITIAEID
ZEE) U7-[F (3,116) = 12.681, p<0.0001]([X]| 2 /£). —F~DF=DEZRITZNZI 74.6%,
58.4%, 96.8%, 67.9% Cdh-7-.

ARLTIE, BHEFEEFITOWVWT 6 ADOFEEHE D O LRIHGEE & R Ui 4 @R L 725G 2k
Wiz, RFFRTIEZ OFIG 2R EARRE LS. Fil(—F~UF) 2 ZR/ e L, 5EEHE
FEAERES L LT FRIEERITo TR, Pl (—F~DUE) OMRITAEZ > 72[F (3,116)
=29.270, p<0.0001] (X 2 ). —F~WFEDOIEZRIIZNEI 96.3%, 87%, 78%, 98.8% T
HoT.
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100 100

T *
80 g0 |
F || =
3] B
E 60 —— B 60 I
& o}
= 40 B 40
% %

20 20 F

0 0

—% ZE =F @A —% ZE =F mE

2: MERER(E)EERE)DFER *p<0.001

4., EE

AR FEBROMR T, FHEERIZ=FN—F, 2, UFE X0 FRICE o2 (Z5F>
— 7, R, ). RO AN, O, UEXDFRICKS, mE, —F>
CRE>EFOIRICART Lic., B EAEROR R AT S L, ZFIIMEOIEERIIRD
DS RE T BAMREE (35 B <, — 7 & DU I3 O IEA SR 03 535 O IR EE 1T 100%12
otz MRBIIBRDTEVNRENRE, X2 0OWOENGFETH I ENRBINT &
Wz 5D,

F7o, AR OKERIT Wang e al. (1999)DEITEEBROFER & 1%, A7 AL L Tn
oM, AR T = FOEERNEE CE - 7= (K3 /). A ORE 1% Wang et al. (2003)
DT AV F BEERF RS QAR O HES E & AR ERIEEEL L ey, KRR TCIEE
FABDEDNNE Do 7.

100 /\ 100 .\.\ /—
80 F 80 .\ &

T v\\. = .

ey 60 B 60

£ 40 B 40
. & N
20 ” % 20 .
—e—Wanget al. —0— K5 ’ —e—Wang et al. —0— K5
0 ' ' ' 0 ' ' '
& -E =E mE & -E =E mE

3: Wang %':;éT}Uﬁigg nnnﬁ%o)%i%&Ez:E nnnﬁ%%ﬁ%tbf’xﬁﬁﬁ%‘:%o)ttﬁx
ENEIE D LEE (Wang et al., 1999), AV ERK D LLE (Wang et al., 2003).
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Wang % & RBFSE L 2 &, BEEN SV ER L0 TEHEOHRIZITE b0, 7
AV A FEEERE A & A ARGEREEREE TR ORI OV TR, i & &P L 72 il 2 oR
U722 &0, AR OBES B IXmNRER A B L Em Ch D e 2 R Lz, £72, Aif
FETIEPERFEZ 2 M SRV AARGEREEEE 205 L L), BRI W TEmAa T
R LTe Z SIFBBRRE V. FO L b EREE I T 2 Mk A R 220, t"“/?@
EihzEP+ 252 & TRaICHAREDN LA L CW D afRetEn & 5. REETH 5 H ARGED
EyFT 72 R THLZELBEBLTHDNE LRV, 4%, TEFHEEEERE L OB
WARGTT 5 2 LT X0, ZhRAZRFEE B FHFIEC OO TG L7z 0.

ZEXH

Chao, Y. R. (1948). Mandarin primer: An intensive course in spoken Chinese. Harvard University
Press.

Chuang, C. K., & Hiki, S. (1972) "Acoustical features and perceptual cues of the four tones of
standard colloquial Chinese", The Journal of the Acoustical Society of America 52(1A), 146-146.

Kiriloff, C. (1969) "On the auditory perception of tones in Mandarin", Phonetica 20(2-4), 63-67.

Wang, Y., Spence, M. M., Jongman, A., & Sereno, J. A. (1999) "Training American listeners to
perceive Mandarin tones", The Journal of the Acoustical Society of America 106(6), 3649-3658.

Wang, Y., Jongman, A., & Sereno, J. A. (2003) "Acoustic and perceptual evaluation of Mandarin
tone productions before and after perceptual training", The Journal of the Acoustical Society of
America 113(2), 1033-1043.

Yang, S., & Akahane-Yamada, R. (2016) "Effects of perception and vocabulary training of Mandarin
tones for native speakers of Japanese: Pre-, post-, and retention test comparison", The Journal of

the Acoustical Society of America 140(4), 3392-3392.
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P06

BARREEICRIT H&BE ) & Tk oA/ v bx—va v

BRI B = NE PNE S 7)) HE#FF UL HE R

m161419k@st.u-gakugei.ac.jp shirose@u-gakugei.ac.jp

1. T oIz
HAGEORGEICHB W T, #&BhEo ) & T ITEEEIcmE L, FE0
BXAGETHIEERFZE ZHS>TND, A br—va itk &k
TEWERRICE N D D08, o DORBER AR HEMm LI IEiE % < 22y,
ZZTA VMR —va L ERHREORBREZ LVFELGERT 2720, il
W EHFE, FHFH, TR Z U ORA v b= a v EAMAE L, B
| E B & i L 7~ (Zhang and Shirose,2016), = D&%, 1) 1L TR % £
H& TRAR) t@mHWrsn, T X FRRzrE> &, TR TIEEE) o X
D IR BERIZHI SN AR DH Z LRy o T,

AR TIL, AR OTEIER A B E 2. BRGREEICR T 28485 Ty & TX)
KOS v bx—2 g X Z o OHBURI AT~ EWHEEEOBIRZ R 5,

2. SEATHFSE

f&BhE Thay & TR OFEBBEREICE L TiX, ERZ < OMFRERThil T
7oo AK(1993) M) 1FaE L FIxME T LAz A 35700, TR [FRE%
KDz OFEWHERELRDL, TX) ZHEFOML WKL HZ 572 DIHN
HIVD LR Te, AAF—F1992)1X, G L F LM X FOZNENDOIEHREDR
Ws, #&BE T & T oG EZER LT, @KEALT—RD L
I, BHIFED D VITIEREDHE LG, &G T [k OFWHEL
MUIEHFENRZ VR, A hRr—2 a3 EOBREZR CTEITEZ L v, &
BhFA OB RBRE I X BIFA DA DB E AV b xr—va r EOMANREDD &
W72 A (1997) B CNAE CRBhE Tda) & TR OFEBREZ /04T L=/ L (1997)
BRAKRT M) ORROSER 25 U728k (2001), vy FHifTo v b xr—
varESFEL, BEMWHEEEEZ T LT AV 2 v K (2013) "dH D, LvL,
HARRREICRWT, #&BhEd ) & TX) o/ hxr—varBnEDLHITH
NAIZONWTOFEITIFIER VY,
ARILARHGEZRIEE LT, #&BhE My Tk o1 hx—va U #kt%x
ER LD, EHEEHKRE & OBRR b RETT 5,
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3. Hik
3.1 ‘&f

FFHERY 3 ARiEa—/ A ) [ZHFEHGmICITWVERRESFEEZIND T, KT
B s RA R 2ET 3 NIB e B K NIAT 12 #HOHEK, 7599 G0 T
— 2 THhLH, AEOFETIIOa—2ZHB L. &BiE ) & Tk o
A RCBEE & A LT,

3.2 XI5 L 72 B L DRI HUE

[ BAGEEREAEL] ©, TRBEIE O/ I2h T, M - Bl - K3 -
FESE « 2R POBWRAPRE L, IR OEkRZRDI-Y . EEhEFKDL
DT8R EERL VDI ENDL, XOFMTHEH SN D X a2 540 &
T 5, AEOFETH, EAE, B L o, R, MHEERT S %t
GHE LTz, BARMZeBEEILR 117”7, RRERDILFR 2 DL I 2L TH
%

F 1 XHH T DR

FLuE il
A CETHERESND 1) TE) | #ixha
B G Bha L,
C Hiphft A e
D Hhia & BT D55 BoFEa
E ZEMFA Vo
FOMRREREL Z97Eh

K2 MRLELRDX

Fz | i

IKEGTE->TH X

SRS BN EoT-h

KETZR

WHadso7= &

Qu |~ | W [ |+~

+ vk

3.3 LKA v bx—T a3 ORI
BESHTY 7 R =7 Praat 12RO By FHIROBERE L OREREIZIC L
D, KB Tha) Tk o4 v br—ya X2 0 w0801,
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AEORECIL. CHE () &[5 Sa01 Y Fx—s g v % -,
T, TR, SO TMICOE LT, LR THEOKANC ST, 10Hz
THF T, Ty & TX) AoEFEIL 10Hz AL ER L4, LHE% L, 10Hz
UWNTEET 556, IR E Lz, EEEMS 10Hz 2 &I L, 2 22prll |
T 10Hz DLEEBNT 2 & HAERE L, Uy Flz il Shanga bs
0. BT K DU E Ui, LAFIE ERH(E D, FHAGK 2), R 9).
BEZH )Y 7 ) (Praat 28T HEIEH) TH 5,

0
500
400+
300+
g
= 2009 e
~
75
ne
fHE .
’ 1.25
Time (s)
M1 EHH
0
500
400+
300+
N \
S 200- -
<=
2
=
75
ne
AR oW
’ 0.7718
Time (s)
M2
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500
400
3001
X 200-
5 - -
2 1001 ——
=%
30
ne
BHL
0 0.9633
Time (s)
X3 TR
0
500
400
3001
N 2001 ’\_—\//\
=]
£ 1001
=%
30
ne
bz
0 0.8219
Time (s)
X4 HEEHR

4 FERLEER

3.2 DEERAEIZLY , Tha) & X, ZNEI 84 Fih & 145 FEhE N =
Tz, #&BhE T o AENE 1) L0 1LTHEZ<ARLTWHD Z ERgn
o AV M= a COEORE, #BE T & Tk olBifEzhn

T 5 &K 61277,
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35
30

25

20
15
10
5
0
FAHER R

X5 #BhE Thl O v bxX—T a2 OHBEE

70
60
50
40

30
20
: _
0
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1. Introduction

Voice quality measures such as speaking fundamental frequency (SFF), long-term formants (LTF),
and long-term average speech spectra (LTAS) have been useful for speaker identification of
monolingual speech samples (Nolan & Grigoras, 2005). However, the existing studies on SFF, LTFs,
and LTAS either lack bilingual data or have reported obscure or confusing results. It is thus largely
unknown whether the acoustic properties of speech samples from a bilingual speaker differ according
to the language being spoken. Such comparisons have important implications for the practice of
forensic speaker identification, as bilinguals may or may not behave like their monolingual
counterparts in their productions. The current study therefore aims to contribute to this line of work
by (1) extending SFF comparisons to Korean-English bilinguals, (2) conducting a comparison of
bilingual LTFs that employs LTF histograms (as well as mean values), and (3) confirming whether
LTAS differences between monolingual speakers of Korean and English are also found in Korean-

English bilinguals.

2. Production Experiment

2.1. Methods

2.1.1 Participants

Ten Korean-English bilingual speakers (SM 5F) were recruited at Simon Fraser University. All
subjects spoke standard Seoul Korean and Western Canadian English. Their age ranged from 18 to 36
(Mean age: 25), and their age of arrival (AOA) in Canada ranged from 0 to 12 years (Mean AOA: 5.8).
Each subject was screened prior to the recording to ensure that they met the following criteria: (1) they
were judged to be proficient Korean-English bilinguals by one of the authors who is proficient in both
languages (2) they did not report any hearing or speech impairments; (3) they had no signs of sickness

from colds or other respiratory problems on the day of the recording.

2.1.2 Procedures

A total of four speech samples were taken from each subject. The subjects were instructed to read a
passage out loud (i.e., The North Wind and the Sun), at a comfortable pace in both Korean and English.
They were also asked to produce extemporaneous narratives in both languages, in which they were

instructed to describe a picture story (Derwing, Munro, Thomson, & Rossiter, 2009).
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3. Results and Discussion

3.1. Speaking Fundamental Frequency (SFF)

Speaking fundamental frequency (SFF) was measured using the autocorrelation method in Praat
(Boersma & Weenik, 2016). Paired-sample ¢-tests ' were then carried out to assess the existence of a

language effect on SFF. These results are shown in Figures 1 and 2.

300 e * * m English =Korean
N 200 = = = = —
= = BEE E B °— T o
) = = = = = = = I = = I =
0 = = = = = = = = = =
2F 7F 9F 10F 11F 3iM 4M 6M SM 12M
Female Male
Figure 1: Average SFF (in Hz) for passage reading in Korean and English
300 * * *
. _ : b b _l ®mEnglish =Korean
2200 = = = = =
c:w EEE EEE .- o _
= = EE E E E EE I§ E I§ E
0 = = = = = = = = = =
2F 7F 9F 10F 11F M 4M 6M 8M 12M
Female Male

Figure 2: Average SFF (in Hz) for extemporaneous speech in Korean and English (* p <0.05)

As displayed in Figures 1 and 2, significant SFF differences were found between English and Korean
in the passage reading, but this language effect was not as robust in the extemporaneous data (i.e., only
3 out of 10 speakers adjust their SFF significantly). With the passage reading, there was a mean FO
difference of 15 to 45 Hz between the languages for the female subjects, and for the male subjects,
there was a difference of 5 to 20 Hz. In the extemporaneous speech task, there was a maximum of 15
Hz difference in the females, and up to a 5 Hz difference in the males. This indicates an effect of
speaking style on SFF, and that casual or spontaneous speech is produced with smaller between-
language differences. In terms of the direction of the SFF change, there was either no statistical
difference between the bilinguals’ production of Korean and English, or English was produced with a

lower SFF. Regarding this observed pattern, it is possible that subjects produced English with a lower

! Each speech sample was parsed into 20 stretches of equal duration. The mean FO value for each stretch was obtained, and
these values (i.e., 20 data points for Korean; 20 data points for English) were used in the paired-sample #-tests.
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SFF due to a language-dependent tendency. That is, English has been associated with a relatively low
SFF, compared to that of other languages (Hanley & Snidecor, 1967). This tendency seems to be more
readily seen in read speech, as opposed to extemporaneous speech, which better approximates natural

speaking conditions.

3.2. Long-term Formants (LTF)

LTFs were computed for speech samples of equal duration (i.e., first 30 seconds of speech sample)
using formant frequencies chosen by the automatic formant tracker in Praat, which uses linear
predictive coding. In terms of mean formant values, there were very small within-subject differences.
This study finds that the shapes of the formant frequency distributions are more indicative of speaker
identity than are the means. For example, the histograms in Figures 3 and 4 display the distributions
of formant value ranges (displayed in 100 Hz bins) for two speakers that have very similar mean
formant values (i.e., F1: 400 Hz, F2: 16-1800Hz, F3: 2800Hz). While their average formant
frequencies are similar, Subject 4M, has a more prominent F1 peak, and his F3 peak is skewed more

to the left.

1000 Korean F2 peak  English F2 peak ® English
800 T
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200
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Occurrence

0 500 1000 1500 2000 2500 3000 3500 4000 4500
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Figure 3: Read Speech LTF for Subject 3M
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Figure 4: Read Speech LTF for Subject 4M

As shown in the histograms above, there is also a small effect of language across bilingual LTFs. That
is, Korean productions are often associated with a lower F2 peak. This is consistent with acoustic

studies that report slightly lower F2 values for Korean vowels in comparison to English vowels (Yang,
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1996). A strong effect of speech style was not found with bilingual LTFs. Altogether, the current study

finds that LTFs are mostly speaker-specific with small language-specific effects.

3.3. Long-term Average Speech Spectra (LTAS)

There appear to be no existing studies on bilingual LTAS, but a study that compared LTAS of twelve
languages? found that most of the variations among languages are smaller than 3 dB in magnitude and
occur within the range of 200 to 6300 Hz (Bryne et al., 1994). It was thus suggested that a “universal”
LTAS can be applied across languages. A more recent study (Noh & Lee, 2012) compared Korean
LTAS to that of English, and found that the LTAS of Korean speakers show significantly lower
intensity levels in frequencies above 2000 Hz, except at 4000 Hz. The lower intensity levels found in
Korean are thought to stem from lower occurrence of phonemes with high frequency components (i.e.,
fewer fricatives in Korean). This suggests that for languages such as Korean, the universal LTAS is
rendered inappropriate. The current study examines whether the trends found for monolingual English
and Korean speakers also hold true in bilingual speakers.

LTAS were computed using Praat to observe overall spectral properties of the continuous speech
samples. Each speaker’s samples were then normalized for peak intensity (dB) to permit
straightforward comparisons. This study finds that most speech spectra show maximum intensity
around 500 Hz, and a decrease is seen in the higher frequencies. Similar to the monolinguals in Noh
and Lee’s study, many bilingual speakers (6 out of 10) showed significantly lower intensity levels in
frequencies above 2000 Hz (except at 4000 Hz) in their production of Korean (see Figure 5). There
was a 3 to 5 dB difference from 2000 to 4000 Hz, and a difference of 5 to 10 dB in the higher

frequencies.

English
20 o~ T Korean

dB

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000
Frequency (Hz)

Figure 5: Extemporaneous Speech LTAS for Subject 4M

It should be noted that this pattern was not observed across all speakers. Some bilinguals (4 out of 10)

had very similar intensity levels in the two languages up to 4000 Hz (see Figure 6). This suggests that

2 English (several dialects), Swedish, Danish, German, French, Japanese, Cantonese, Mandarin, Russian, Welsh, Singhalese,
Vietnamese
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there are some within-speaker characteristics that influence bilingual LTAS — which is different from
what is found across monolingual speakers (i.e., between speakers). The reasons for such a distribution
are not clear at the moment, but it seems that the bilingual speakers that were impressionistically more

dominant in one language (i.e., better at either Korean or English) demonstrated such patterns.

40
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0 W 4 ===e=- Korean
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v\~-,\\-as~—\_-‘\
--~-~
-20 ~\~‘~\~---' - o o - -
-40

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000
Frequency (Hz)

Figure 6: Extemporaneous Speech LTAS for Subject 2F

Furthermore, this study found nearly identical LTAS for bilingual speakers that had clearly lower
proficiency in one of the languages. Figure 7 shows the LTAS of a speaker that was omitted from the
scope of this study due to his lack of native-like proficiency in English (late-onset bilingual, AOA: 18
years old).

60

English
40 W eeee. Korean

20

dB

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000
Frequency (Hz)
Figure 7: Extemporaneous Speech LTAS for Subject 5SM

As can be observed from the figure above, energy differences seen across other Korean-English
bilinguals were not found for Subject 5M, namely a subject who is not very proficient in one of the
languages. It is plausible that such speakers produce the less-proficient language in much the same
manner as their native language. Such findings suggest that LTAS analysis can be somewhat useful in
speaker identification cases involving multilingual samples, given that the speaker lacks proficiency
in one of the languages spoken. Lastly, there was little indication of an effect of speech style on LTAS

distributions.
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4. Conclusion

This study investigated the usefulness of SFF, LTF, and LTAS analyses in bilingual speaker
identification. Among the different acoustic measurements, formant frequency estimates across long
speech samples were found to be most reliable and speaker-specific. Speaking style was also found to
be important; stronger SFF correlations were found between languages in extemporaneous speech.
Such results suggest that multilingual samples may serve some useful purpose in speaker identification
cases that involve bilingual speakers. Future research could further expand on the results obtained
from this project by applying the methods to other bilingual populations, such as Japanese-English
bilinguals. One previous study finds that SFF is consistently higher in Japanese for Japanese-English
bilinguals (Graham, 2015), and it might be the case that, like Korean-English bilinguals, there is some

effect of language in the bilingual LTFs given the small vowel inventory of Japanese.
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NEL T2 D &V O R S 47z,
@7 ® Fl+-F2, =D Fl, A® Fl - F2 1%, FHfED 2 W TIEREZOBIED &6 5 )
— A THRZENTRINTEY , RENFET DTN H D, Z O 7 —TI13IR
NEELLS . AHBOMELE L2V, FFICHIT oW TIL, FL & F2 88T 5 7= O 2l p i
U<, FHIGEBRIC D B ORI H 5006 Lit7eny,

UbZELdnE, D &b A Lo P2 IIFHRENGFIET D IRt n &y, L
H O HAFEEOTPFEFINNSWVEZT > TEY . A L=RnhElLLo>oH 5 Lfif
WTx 5,

S, BEERAEO LY, MOBERZFRELLZY ., A LT8R 5 EH LT
EEBRHALIZY LTH, 20X BRREDRINDINEFTRDILERND D, £z,
xR ERHI L COMT 272DI21E, A v 2 e a—flEaHiicito720, Zh
FCICEM SN BEERZ2 AN T2 b8 THA D,

ZE XMk
[EHT — 2 RO Lz 1 K]
[E N7 EREMFIET - TEHCEE A ToaE - FOR TR TAARGEE LS —/S2 ] &5 5l
AR LR (2002) “ANOVA4 on the Web” https://www.hju.ac.jp/~kiriki/anova4/ (2017 47 A 31
A&7 7 & X)
Thomas, Erik R. and Tyler Kendall (2007) “NORM: The vowel normalization and plotting suite”
http://lingtools.uoregon.edu/norm/index.php (accessed July 31, 2017)
[RRSCSCHR » 8 SCCHk]
Thomas, Erik (2011) Sociophonetics: An introduction. Basingstoke: Palgrave Macmillan.
s (1989) THHEOFFEOLIL] LT (W) TR AAE S AAREZT 2—H
FEOER - R () J109-134. H T BIVAERE
LM% (2005) TPROFEZ) TATISEE] 34(1), 64-72.
ERERT (1997) [HAGEE FOEF IR [BME (EKELY) ] 11(4), 2-6.
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P09

BEPERSEHERIIBMEOESTICOWVT
FASE B CRBREMEPEREA )

michinao.matsui@ohsu.ac. jp

¥—U—F:xZLv 27 ruaxs 7774 (EPG). #%. BRE. Fk, &

1. WHROEM

HAGEO# X, Z OEFBREICHE > THRA A RE 2RO, Fric, ERINECASYE
HHVIFHEF L Vo LPHENEE 2 RO S S ICBRET 2568, 2 OE 3% S
DFBEAIEICBI T 2721 5 £\ ) JWT, & TORITIIED B —E L Tw b,
Lo L, BEERBEEE Lo 7P E 2 K 7o e W i 038kt L 788 s D & 9 %28
HBERLITrEV)RIZOVTE, BT LIEBERO—EDES 1Lk,

Z TR, BEEREEE DR L 2 BEOLRICOWT, TLv 7 tuxF TS
7 4 (EPG) Z W 7-SHERE R OWME 21T 5o BT\ D DT Z 8L L 72#. EPG
G EERER 2R, BGE LT, BRTICRRSDBE L 2 5acififrRkasie 2 3 &
FERS T, Bt OFHERED I B, X ) OFEEM OIS OMEELZ T 250 2B
%, F7-, OFENOTEE) & LSO L 228 %2 T2 EHRT, mEic, 20
FEERFERD & 0 5 HRFEO B HifHEICOWT, AT OHERZIT ).

2. IBSLZEICEHT BEITHRDIER
21 BEHPRNIERERFOFEICKTIZES

P SO HE PRS2\ I3 E T Lo HEISENIEE 2 FF o TE R T 2548
12, BSOS CTARIIOW T, 2 TORITMATRMI—F L Tnwb, Thbb, 20
R R v SN =R VAT RN (e oA i QNN UL il i o S

(1) a. WEBE [p], [b], [m] 238K T 2556 © BEE 1 [m] 1T,
b. BB (¢, [d], [n], [ts], [dz], BEZEHE H [o] 2YeHET 2356 5 1E [n] ICER,
c.@%@D%ﬁ%%@&@@ﬁ%%ﬁ%%ﬁ:@%umn%5wunﬂm%%o
d. R (K], [g], [g] 238489 2356 @ B 13 [g] I %,

7R L, 2SR T 28I OVTE., ZOTEHERPIHAY B ERS 2RO L%
B L T, BRP 3T 5 LIFRS v, FlZ1X, Vance (2008) & [r] HIZEITT 28513
BELEERE [q], [ WCERT 2 ), £ 387 (2009) 13, 7 FE0®EFE LT ]F
LEBICAN, ZOEPEFICBET25EAICIF [ 12422 LiERL Tw 3, #rdEemm
BEBEPREHEO - TH 2 I EE2ERET L L, 2o DIRFMIFIEFICHBRE -, #HEHS
HEMEDOWTRLD A% 63, & HHOFME LT 2 EHROWTRED R TS 2 L %2
AEL TIN5 THD, 2) LT FEOMELRENTE L &, IR - e - M
EH 2 L CHREME S X I d hiEf 2 ROfE Th b, s O HMRT Ikt
T2561F, 2 ELTEMEICBETAMRERNEI 2L LD TELTLVES ),
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22 BEHLKREICMNETZES

UKL, BEPEKRBICHELTE D, hooHiEs kil 2 wERE TR, BEoL R
IZDWTRMBEDIRIES , B2, R - KR (1972) 1 [N] ICEHET 2 & L, 7 (2006) 1
"R, T T[N 7225, T8y 2 T, Tld[m & LTw3, £/, AR - Hifid (1989)
& TOEE E WHE O E 225, OPENOBHSED Wkt ) LB TE D, ZhiZ
[q@] 2> [G] ISAHBT 2 H E B TE WS 9, [FBRIC Vance (2008) &, #HEEARICEIAE D&
T [a) b N E2 I EEEHLTVS,

KEDHEFICEIL Tid, HAlZEh (2016) 12 & 2 A BI2ER Tk % F 0 7S 2 BFZE H3H
THIER G, 51k, XfieA 7 —aZ2 IR LD, KEIME T 2% A Ry
[N ICBRESI NS, HlREXE L, SEEHEEHOREVWI L2 W L, RfTEIcEs T
2 DIEEDEbEET S L, RREICMETA2HE IFHHERTH D, ZOHBERZ, 1t
& Mester (1995) 356G L 72 T O S MBI OE/IMEE SN TW S EWIHIMEEBRL T
WAHHEED D 5, 7272 L. S HIE 2 F > TR A % FEERIIC I X 72 Yamane (2013)
ICkzE, 29 LABEEZROHMAERD | RITHICHELRMSEMEDIREZFRI>TWw5
K] FICHARTHEENS VDI TIE W E WS, ol BSomE2#%2 % LTH
DB DD 1 DOTH D,

23 BEHVERTFEHICKITIZES

B I B AR T A BIEIC BT A RIZO W TR, 35T (2009) DEARASIERICEEL
WV, I ERRLEER S IS > TRAFICERT 2 L RTE D [s], [¢], [z], [2] DT 25
Bl ]IS, [¢] PEFET 2BUE T (1) 1, [§] 2MEFET 2SI [d] ICERT 2L LT
%, BURZELOD L [h] ST T 28 OLE T, ZUd [h] SFICBi T 285 12> T
BWEPRE S L), FMEBEESRZIIEORHEPHREINTE ST, [h FOHFHERETH
WEDRE Z \ZBHARSE LD b DI 5720, T @EFOMTHIL & IZIFFEOBRTH
3 ERTXW,

BEEE ICAT § A BB TR SRR ICE R T 5 L v ) fUE, % DTS BT %
EZATHDD, Wi CHED Ros, IREE (1951) 1%, BEEF T T 2 50T 13tk
FEEE AL L, BT LEEEST 10k b (777 L Z DEBRINES e kb, BRRFICAR S
ZEHHD) LIEML 7, FU { Kochetov (2014) & [s] HICHATT 2 AL R % EPG I
Ko THIEL, [1] 2 [Z] IKERT 2 LR Tw3, ZsnBRiE, B L 7 [1] T~
L& LRk, B IR IS B O TR 2 321 2 21 T <. #E L 0OMTRL S 5%
22 EERLTVREDES S,

Lo LR « thid (1989) 12 kU, BEEEEICEIT T 2 A RIS I D LEMR X 5 72,
oI, BEEICEEE MR L A, THREZ IZRIEOF IS HIFHEICH D > TH
L RiFonsh, NENOBAEI R WKL (T4 0 b S LB S D BREE) ) IC2 5T
509, THiEOFIZH V) v RICEHSI N, T2bbis I XU, i
TRk 27 &3, EfTRL D% Z 1) 2 ATREIE b FFD, Ztud, RETTHAR 2 RS0
Mg BERBICE T 2 AR T O FRICRELE %2 5,

2.4 BEDLDEBFICKTIZES

REE DS IS 250, 22 COMEI S RS ICART 2L LTED, 20
RHTIEVD W, KRELC R L2001, TR @ TRIED? £ v ) JTh 5, AkER (1951)
51 (2009) %, HEE OGRS ICHE > CTART % & BT, 35k (2006) S A RO 4
M2 F E LT e ick by L T30, BAGIZ /12 &, TH%Z ) 25 [seé.o]
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o TED, ALV ODIETHILLH D H2 LEZTVWE X H 7, Ukl &
A - il (1989) (& TR Z IZRTE DO FICHE, TIZOF IS > TRib B otz 23, [
PENDPHBE D D30 W B (Kt T b b B LS D b)) LR, TR B [zeEil]y
AR [kileg]). "% [adi]) &\ LFHIHEDARY buy T h%zmn LT, EfTE{LOH %%
(P Tnw3,

COMRTHEHTREIL, Vance (2008) TH A ), i, BEEIRY - BoL s - i - B
FOWCRRFICART 2 Lo, BRECHEZICK > CRITRRFIELL 2D, THE LS
SITHAEDCTE ) ICHMZERT 2 RIS O W TR L 72, KET TR 2 B 5 S |
AWFESd THEHREE L TR ORENR ) LI ST Z2BBELRORETHL LE
25,
25 SEEBEAODAOY FERZK-T

BEWT LD ED A ZZ T 2D, &5 WIFIEfTEL O HET 200 &\ ) [H#E
k. HHEERICB T 2T ORAn Yy FRREDFEOREFRERD, i, HAFEORE LS
I% Obligatory Contour Principle (OCP, McCarthy 1986) IZ3&#X L 2\ 2T,

EE@W:»—+F c v v c v ®REW:AYE) ¢V C C V

I A N
I [l ol Il M Jol

D &) wiEEE RO, Tk, MURENTH2EZ I ED L) LR RZ2F >DEAH, TS
v b R e iR, S S [+nas] EMEERFoTWw B v fiERE, &
ARINAEE EMATIVRBR DT, Q) DL I) BEZR>EEZTIvrdb Ly, T
bbb, THIE CHfTREALAEE Z 2 DIFEEE ([+nas] FE) 2°C Ay M2V TE
D. 2 [cont] BWEPCHEMEICHT 2HZ M 2> Tk wizd, %o C Ar vy M
K20 T3 [cont] RYEPHTHEMERMESEREI NS, LorL, TEL X9 IS O]
BOREE R o786, HED “C° 355 L RALZSI SR ITHICR SR\, 9k 5 L,
AIBNFEZ B ER T DA I 2, AEOHWIZ, 29 LAMELHL 2T 572012,
R PEEEE DM T 2 58 DS A RO M%Z EPG # W THAET 2 512 H 5,

(2) B W - ') o FERL, DR ?
a. C \Y4 C C \Y% b. C \Y4 C \Y4
DRE
/k/  Ja/ [+nas] /k/ /i /k/  Ja/ [+nas] /i

3. ERE/BIICETISRTLERICEHTSIERE
3.1 EBRAEELSIRAE

FERIIPERE 4 4 GRS 1 4, BSR4, BT ERE2 £) I,
EPG 8 LU EEH~ A 7 L O~ A 7 23538, 3 E— 7 Dfili#GEEZ 7 v ¥ L1z 511
TOREI L TITo 7, RiSLTHWTONR E T LHEEED Y —IZPLT D@D TH
3 (SHPHNDT—F -7y, MRAIDBIR L. AR TIERR7Z0), AREKGE & MEEREE
MREZ>Twa 70, EPG %2559 2 i FHiIC 2 TORNEGEE 2 HIC 5 Pl cEm S H,
MEREICENTH 5ok, 77Xy MIERAITHE X 9 IR L Tw 508, fRAY
THENHAICEVEALZFREZIE VLR, F42, FHHELSGETAAX FICk>oTHE
DEE Z sy LTz,
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(3) a. RFEHEEHE ThAV) ThAHI ) .. TBAE,
b. /KI—RFE5E—RE T Ay ThAS ) L TTAE]
c. RREPEE-/h/-RES i ThAZ) THAL, ... TBAIZ,
d. /K/-REE-FE5—/-REE - T At ThA L) . T AR
BEEDPREFICHENTORERETIE, WINORNE L BE LT 28 ERH 5720, BEF
XEDOREIZ. S~ A 78X VOB~ A 726k LI E EART P u T L%2FD
DI TS, BB, BEBPERFICHEN TV AEATYH .. KrefN-inter (a) D A7) &
LU 78535 X[ %2 RO X refN-inter (b) D & 9 /8% — v &, BEHETH (1], [N] TH
% LR L, X refN-inter (C) D & ) IZEEHTH > TH HOPEH~ A 7 BB RICEFH 2 -
TLIEAEZRNETH D LR,

-l | | a—— o B —

T oses our s o
A —| — N W_ - A.“W N MWW%

. P

w” " f 7

g | bl {1

- - e .
@ — = (b) Lw
1 BEORE (@A b HAD (0 w/w

EPG 7—% 1%, 4 ZOPERE N L AT OZER 2 K baE L ICHEL, v 7Y v 7
B 10ms TIEE L 7o, 2O ALOBERIFILA—EBRIC ;of~*ﬁ«®ﬁiﬂ7b§%/J\BEa:ﬁ%ot
IICHAFE SN b DT, Bix 2558 DS 2 KT E % L 9 B LI 0, Hifg T mIc
HI. FIBHEEE 2 HI). RECIEE 3 4, BRI 1 A OB E 2 o, 7. Eﬁﬁﬁ iLl
Y D A EMDY 6 . MLDOFNLEMAY 8 MELE I 41, #ED o RITZHEEH £ Thl 62
ROGHIIDHRE L e > T3, ¥, EPG 7 — % DILEkIZ I3 WIinEPG (Articulate Instruments
Lid) B LY 7Ly MiiKE AW To 72,

32 AHER

GEHIE LT, ThAV - WAH) THAI « IAH, DARZ b T I7L0E EPG%%@
F%é’»ﬂ’) Imwmd T Al IR . )’:I;Hiﬁm-f

WA bl
B 1ECEI 3 AR

(EU—— i --Lihiiiih
e Hm‘%%‘:%‘hw‘i il e dn i dedE T R R

HdhD : DB(CEE % Shd : DBICEIE

PO O 0 Al o i

S R

(
2 EPGEBOFHE ) HAV b)WVAD (©)HAI W) IAdH
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AT A A RS BREL L IO B RIS A RO R E, B1ICEFLHTEL, H
A, BESOHIRICH 2RRED ) B, TEZEMO X D RS PEREFEL Twd 2 e
TIB, Filo, Al £ FEREF ISR DS E NG AR AR [1] KA R T A
BV, AU, A/ 08 palatal &) B ZHREICRFO DR L,/ EIFRWEER R 4
WIZEICERFLTWE L) ICBbig, ZTUIRL. fel, lo/ &\ ) FFeRbE IS e E
7GEE, BITRF IS EToNLBFICERL LTV, ZOFERKIZHMETIE v, FH
BRZEZ 20 RLE D b, SN TR Z 3IEfFELZ O RS E L o s, ZDk
IZOWTIE, SHOFEE L\, BRPD < 1, EPG O GHHL L\ 72 0 I IHAE 2
CEDORBWI ERIRNT, £, TREGIESE-MTFE-RE ) OEBHICO»TH, #1 &
FEIEFR—DRERIME S Nz, ZHUINMT T EDOHRBEED 6 5> THYRDERTH S I,

£ 1 BEZERICBT B BRSO EE
#% fe B &
[w] [e] [o]
(@] [e] 7

[ [ [l
[@] [@] [

[a] [e] [€]

[@] [o] 7

[a] [i]
la] | 7 [
Gl | [0 [
[w] | [@] [i]
le] | [e] [i]
[o] | NC [i]

uicgptalim s

AEFEICR L TRESRE /S REER ) TR s/ R ) OMEFT I Kochetov
(2014) DFERE & RIEF - OFHDW 5N, R (1951) BHRINT 5 & 9 I IR (5], ¢ 10
LT, ZO—BIZK3 IR, 2O Eid, WRE LR /s BERERET 2501
S RLEDY T T DL R

I, ZoHEl v9 1t6 & Mester
(1995) D54

A Xy IZEIT 5 EPG EREORER

4. HEWE

EPG Z W7 B A RO FEED S| g OLRIIATRICHFET 2 G5O 9 b THR
DL DS DI FFEIND EVW) TEDHL P E o, BEFICTEVREET 5
RpCHfTRfb 2 2 T b, HAFED phonotactics & L THEICHITT 2 H ML TRIETH
D, B ISR 5 FEDIE ) DRI TR L D e Z EDEIATH 2 EEZ SN
57259, $hbb, BEOMTRAIX 2.5 Hi T L 72 & 9 & CC-slot M | Zf 2 ¢
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DTV, 2D i, REDHITHILOFIRFICL DR 257259, Thbb, BHE
BT 2 THRIE D CC-slot HiEH2 G 2R I TH DT R WAREMEL D 5, EF b L[
U< THREZEEO K D RGEREISHE I NS, LT, REOLAIE GERIEE 2FRE) 4
fﬁv‘iﬁ%ﬁif%ﬁ‘@%%f:&b\ TR 2 5 Z E D AERTIE W,
Digmd. HAFEOHHFRITE W TEE IR E 1S C-slot 236 %) &\ ) [EIC D 76 d3
%, FDH%I D X D PRGBSI NS ) Lw)WEIF, FHEIRE VI ALEDIERT 5
sonority DRI DM EEZEZ 22 L HARETH A ), TDOEH, Cslot 3AEE LD #H%
D3 TERRE ) ICAERT 2 2 L EHARICHWND L, —J7. Cslot ZIRET 2556, @bHE
NOERIFC 2 TTa I TAhTITY—) EEZRVIRY, FEIRI S, TORIID
WCIE, TEE DK T featureless 2 D> & Vo iH & bk, F-fE kD TiEnz
AR AR

BEE AW ZFE T BICH ). ALOBRZER L TL & o U B4 123 &
FoLET, BB, RUZEIIRILAIZCE - JLRITZE (C) T AR B\ 2 BE 6 I
BRI 2 EHZE) OB ZZITE L7,

SE X

RN 95 - RO FEBE (1972) P& RlAs BEUR AR, B0

Itd, J., & Mester, A. (1995) “Japanese phonology.” In J. A. Goldsmith (Ed.), The handbook of
phonological theory. (pp. 817-838). Blackwell. Oxford.

Kochetov, A. (2014). Japanese in the typology of nasal place assimilation: Electropalatographic
evidence. (Formal Approaches to Japanese Linguistics (FAJL) 7, Handout).

AT SEIL (2009) "HEAELS ) SR () TEREHEELOLODFHEY: - SiEy 20-36,

PR B BUAL

McCarthy, J. J. (1986) “OCP effects: Gemination and antigemination.” Linguistic Inquiry, 17,
207-263.

RAR R - i B (1989) TS &R S —2E5E - hEREGEE DFE—) ik ERT (HW)

T%FH$?&H$?%§%3%JB9U7m%mkuﬁa

R LS (20060) THAGEEFAEAMy =5

JRER PUER (1951) TRy APEEMN. B0

MRl B - NE B3 - =0 B - R IEKER - Eathls - Mk R (2016) THAGEREREHE
HOFEHRIE X~ A 70— L HARFERGET - N—2 2Ty TEFE
18: 2, 95-105.

Vance, T. J. (2008) The sound of Japanese. Cambridge University Press. New York.

Yamane, N. (2013). ‘Placelessss’ Consonants in Japanese: An Ultrasound Investigation. Unpub-
lished doctoral dissertation, The Uuniversity of British Columbia, type = Ph. D. disserta-
tion,.
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P10

BARBERELTAIREBEFEEICE TS 12T —DHIBRICEATHHR

WA A (RIHBERRT)

y-saka@dokkyomed.ac.jp

1. [FL®HIC

PFEEERFERE OREEIZBNT, a2 U— (3) DOHIERPEZ 5 Z E0nWEINTn5D, %
ITHRICE D&, Y2V —DHIBRZFIEEZTRAEL LT, MEBOME (RO, %
P3| REREMRE. TERERUEMENE., REHE, AV —F R X AL, FEEOMR. FER ENE
LI T D (Dalby, 1986; Patterson et al, 2003), Z L5 DO, HafEEICBI L T
HHEOHE LY HHEOEHEDHN Y 2 T —OHIBROBEE R L 720 | @w%ﬁfi3ﬂﬁ>
5 45%DHIBRRTh ol LM STV D, £z, RBONEITRITFTHO 3 FHiNHMD
FEN Y 2 U —OHIRENROEWZ EARINTND, £ T HARGENGEG S (X 5E
HEET DB, 2 U —OHIBRIZEE L T, SEEREEE L RO Z2 R T DO TH A I D,
AR TR, AARGEZ R L TOREFEE LSRR E LT, HiF0mis biT &L XD b
FZ2ITH 2 ODOEBREITH T2,

2. EER1
FBR 1 TIXAARGEZ R L TR FEE IR DHEBEADO Y 2 U —DHIRZFI~ 5 Z
EEHMET D, OTxBITy = U —OHIBRNE U 2 FWREM DO & H5E% 2 FEHO M E CTF
LB ChD,
21. EBRAE
21.1. S@EMH
AL TIEY 2 U —OHIBRDE Z HATREMED & 2 HiGE S3 554 7 A b LTc, 2 U —
DOHIBRANE = 2 FTRENE D & 2 HiZEIL Patterson et al. (2003) THWOHNZHEGED H . HAGE
R L T D KRPAEICHIYAE O WHGEZ -2, BEEORBILE L M OfEIC
KO 3EETH D, MIID Y X L% FD 2 HHiGE 2PRE), 59D Y X L&D 3 HHi
& (3PRE)., #5955 U X A% F> 3 HHigh (3POST) Th b, HFEOHFNIZINZIL, select
/salékt/ (2PRE), solution /salti:fan/(3PRE), avenue /&van(j)u:/ (3POST) TH 5,
2.1.2. tHERE
WHRFIIAARGEERGEL THARKRFEE 6L ThHoT-, BT 64, T 104 THo T,
FHRIZVFEEND 4FAEETTHY . HERITHRGE 134, RiReFER 24, 77 A1
& Tholz, FHEIXIVEEND 4FEAEAETTHY, FHEMIL20 ¥ THo7m, HEITHAR
Th V| WFEEOWINEIERBRN 22 WEERE 1L 6 4. SGEE OWEINITERER ) & 5 #hE
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X104 CTH Y WX 2 BB NS 1 4T > 72, TOEIC D E1T 400 /505 810 S TH Y |
X 738 R TH o T,
2.1.3. EERFIE

FEERTFIEIL Dalby (1986) & KO- « R (2000)D HiEE 5512, L FOFIETIT- 7=, #ibk
FIX 1 AT O REETERICSMN Uiz, BREIXETT R M5B 53 5B E LA
S, HEEIZEND X oI RS NTo, ZOBERIRIEEIER T 0T, 7 & MIEE
L7 S35EDOT A MEEZ—F LDICLTIHEIE L, 7 & FEOFEA LT &2 BHERFIZONT
SEﬁwICVnwﬁ~%ﬁofﬁﬁLto%Lf*msﬂwﬁﬁmi%%zﬁaﬂgﬁs
FIHETD 4 BlOT A MNEOEREZREDOGR E Uiz, Bid BT O®EITE LR
BRI D HIPH CTE B 720 EVEEE & & 1 B 2 L ISR AIZAT Y £ hménko

T aU—DHIRNBEZ > TWAE D DOHIiX, Praat ZH W TITo72, ¥ =2V —0H|
%&%ﬁ%ﬁﬁ%f%w\&%%@mmmf%é%\é@@m%ﬁ*A*t:ofwéﬁA
DHERD Z LT LT, =2V —OHIBROFIEEREIL, BT K 5MER & IEEOHRTIC
éﬁ%%ﬁw\v:vwﬁ%émﬁzfmé%®kbto:Mimea%akmbgﬁf
»D,

22. EEBH#HR

16 £ DWBRE DEF T —Z 2 L, 2V —0RHIBRENTWDT A MEOBEER A=,
A5 2L DT A MFEEIL 53 FEX16 4 CTREF S8 FETH -7, 77 &y MR G EMEZ T2
HOIFRRE L Lz, 16 HOHRE OFERE T L DY 2 U —DHIBR AR 1 ITRT,

K 1: 7R NEmiA LFICB T 57 2 U — ORI & RE

v T —OHIBRER R

T 5 22

Wi 1 6 17

BN 2 6 17

3 3 4 19

B 4 9 16

2.3. &

EBR 1 OFREREY %xh%@%ﬁif’ﬁwf\aﬁﬁ FERE 1LY 2 T — OHIERFEN
BOEVEN 4 T 1%, @3 T04%THY, FEALEY 2T —DHIREIT> TR

Too ETRFREEIZ L E)@b\’?i HHE L BB ONALE I & D HEFOFEIC K DEWITR S
Nipnolz, ZOZ LITHFERGRAGEE & AAGERGRE A CIIRRDI AN =A LTy 2T —
DHIFRZAT> TV D ATRENEZRRT 26D ThH L BEX LD,
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3. B2

S 2 TUE, AARTERRE A ICBY 5 LH O 2V —OBIRER~<% 2 L2 LT 5,
MR IT., a2 U—OHIBRNRAE T A AREMOH AE X HAIAALTE XY U 7T X% 2 FEEO
IR LB T D,

3.1. EBRAZX
3.1.1. E&EMH

TR 1 TT A MEE L THOWOIZHEE 53 2 MOIAATE X v U 7 3 53 L& 576K
LD, T2 U—OHIBRME Z 5 ATREMED & 2 BLFEIL Patterson et al. (2003) THIWN B AL7z H
FED O L, ARFEANGEL T O RFAEICHIRAEOEOWEGEL Ao, HEEOREITEH
Bl MmBADOMEICHES 3FEBETH D, MDY XA ZF-D 2 HHfigh (2PRE), 5970550 Y
AL FFFO 3 HHfish (3PRE), #MH995D U X A% KiD 3 FHizh (3POST) Th D, HIEDOH
IXZENE L, select /salékt/ (2PRE), solution /salu;fan/(3PRE), avenue /&van(j)u:/ (3POST) THd %,
F 4 U7 3% [SCN /N#fif 2 — XA % v U —72 ] @ British National Corpus 7> 55 L 7=
N, FEERERGEE SRR L BT Lz, v U 7 UIAARGELRGE L T 5 RFPAEI
Bl 22 DR OB CTHERL ST U D,

3.1.2. #HERE

PREIIER 1 I CSIM LT AARGEZ R E TORFE 6L TH D, ER 1 DBEboTo%
FTICER 2 12BN LT,

3.1.3. EEFIE

FERFNUTEARNTITER 1 LA TH D, FRFITETF v U 7353 IRENTHK
IS, UTEND KO IR SN, ZOBERIRIEMIZER T o Te, 72 LITH
ELZS3 XX V7L E—FLDIZLTIEEL, Fv VU7 X0~ LT 2K u5RE I
DTS ERTV, IC ba—X—%ffioTiE L7z, 2L TCIZO SHEOEED S B 2 [AH
POE SEIHETOD 4 HOX ¥ U 7 XOEKELZREORSRE Uiz, Hih BT O35 m
DOFE L BN DFH CTE LT EHWVEE L Z | BT EICRAIZIT) LIRS
iz,

Vo U—DHIRBE Z > TWDENE I MOHWE, Praat WV TiTo72, ¥ 2 U —DH|
FRIZEFRBRTH Y | BeEr(gradient) TH D23, S ENIHIBRNFZERITE Z > TW A A
DHEH Z LI LTz, ¥ 2 U —OHIBROHBT AT, RIS X DM L P OHRIC X
HHEREATV, 2T —DNERITHEZTWDHH DL L, 4L Dalby (1986) & [F UAEHET
HD,

32, EEER

16 4 DWBRE DBEFT —H 2oL, 2T —=0NHIRENTWD T A MNEOKE X T-,
F¥ T DT A FBEIT 53 FEX 16 4 THEF848ETh o7~ 77 &y FORBE X MEZ -
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LDOITRRE L LTz, 16 4 DOHRE OFERIET LD 2T — DRI E £ 2 177,

2% ¥ U TG ETICBIT DY 2 U —OHIBRE & RAEEKL

v 2 U —DOHIRE AL
T 11 18
Wi 1 15 20
B2 13 22
36 3 13 16
B 4 13 20
3.3. B

FhR 1 LHET D L X U TSGR BITFIZRWN T, %%m%§®WMﬁ%EhkoL#
L7e 6, I bHIBREMNZ W EE 1 O 15 THHIFREE LTIX 1% TH Y, Dalby (1986)i2

% Seab Rk m£%®i®mﬁhf Bl 5 @Lr@M@$6%&%“TmﬁW@ﬁ#
Bz, & BITHITAFZE CTIE, REEREESE IR VEE TOXOFH A LI TITHIBREN S
MZ%%k%<ﬁé@Wﬁﬁ%ﬂkﬂ\%E@ﬁ%iﬁﬁé@ﬁ%%bf“éo:@:k
X, FEERGEEE L. XofALTICBW T, HWHETIIEIV Y Ty 7 A LE, AV
TIREE LI DDk U, HARGEREEEE I THWEE Th o> TH, HEN R E 217
%5k&ﬁ%<%%bfwkﬂ%ﬁﬁ%é&%z%ﬂé F7o. BARGEREEGEE 1THEVH
EDORETH-> T, FiENFEEE OEAITE, HEDOENH TV - T Al REMENN R IE X
o,

4. &R

KIFFRORERNS, AARGEZRGE L 3 20555 FE 1T, KHEE L Lo A LT R >
2T —DHIBRZIZEAEIT-oTE LT, HIFERESCHRBDMEIZ L HEITAONRNT &
BHALNZ o7, PRIT, Y2 U —0OHIBRIZE L T, B ARG X0GE R aaE &
T2 D AN = A NG FFORREMEDNRIBIND E B X LD,

ZE XH

Dalby, J. (1986). “Phonetic structure of fast speech in American English,” Indiana University
Linsuist Club, Bloomington.

Patterson, D., LoCasto, P. C and Connine, C. M. (2003). “Corpora analyses of frequency of schwa
deletion in conversational American English,” Phonetica 60, 45-69.

OB - BRI F<(2000) THAGEIZB T HRHEROFRIZONWT] [H 14 B AT F 728
[ER&FARE] 133 - 138,

SCN /NEfE 21— /N AR N T — 7 http://www.corpora.jp/
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P11

MRNNE =TT A ICB T DREFREFEDT 722 MIDWT
WA E(FEBERERT L)

lukun84@icloud.com

1. ELC®IC
ARFERTIH, NEHFAEICE > THONAZMRENEZHT S OBFEREFEOT 72V M
WTCHRARD, /B OHFE, MEOREL FEXEOZKRE U TXEERLITHEND S
M, THE, SHEOETIEEAZZOEREBEZHLSNITIRMWBERINT NS, A (2017) TiE
ST A SO EREFEEOFRE OBIEN S| BN TR - RN EICOVWTE kU, 0
MREZIT, 7272V MIBWTEH, YEHSOHHEOREERHFREI N0, FA—DFEE%
SHEUCTAEZ AT LTV D, ARRITFAEOKRMNS, 77y NOKFR L4 LB, BAH

DIEHEDOT 7Y MIOWTHR3,
SHTOME

2. 1 HhIBOBER & EX. B

AR 1R SR 8 0D = 3 > e D B i L 2 AL iE S % . A
475 TFADETHD, IfzHEE T EEL TV
%, ALERIE R MR CRIFEAS 3T, FEER IR R IRTT A R

KWL UTHE, TLFRRIZKSE, 1955 (HEFD 30)
L CH =G0 =i e UCHifiliEts. 4R o
HHTH D ZilH =L, SRRSO ™M, S
NRINET S,

OB AS T E THEM L 720D 1% 1966 (R 41) 4, B ifﬁj
1975 (AT 50) 42, hipudb Pl :zuﬁmﬁfﬁsﬂ%m K
. BORACSHEL T, Amorak x| e e, L
BERRDNE &2 B, FURBTHRT I ER~ =8 R D Fr PELRRNE Rk
EEMIZP LT 6650 THD, B =ML B

M1 TR A S ) TRRHAGEA S KL &), RAROEMITES LD

2. 2K ERBELOE

2EASOXEIZHITDAEDITE LT, BHGEE (1954) 2k, MRIINEASIIHBAS

CAEENIHEEAZSO, ILICHEBEASIZEEFND LRRENT WD,

RN O S EXE L. HEEM (1952, 1964) SThR5NATHS (M), ZHiihE
E. B (2) OMEBASICEENSMHEEEEHSEO KA THE ZWLEEAHSICET S,
72U, PEERIREEISAHEER R A S OREICE A END,

WA (2017) TlE, ZJHTTCTEB U AE ZHRICUAZFAEN S, ZIlLEE S O MR
Thd[zell. HBBIRETEDE BTS2 [jel. WRHHEO T 72y b ib@d s T~
YAV BROT7T 72y "BMEEEINTNDE 2 LIZDOWTE KU,
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3. BAEIKOW\WT
AL 2017 FE3 A~T A, ZHTNTIT 572, SEIE ST, HZME A TEEN
Hor 81BN (FE L), BIEMHRIZTATREE L UTEH., MMERIZMO, e €1
HE=HmETEENE>TW S,
AT, FEEE I, B, BAFA L TOIEAE, AdEEsME TH) T4 T
FaRMT 720 B U <IEBIFEABIE U2 XOFE 2B L /-, Bl L AT DOWTIL, FEHEMO
L EAREGUXEERLTELWY, HBELTE DL o2, ALNRIGELEES (1960) Fr
D T&£E7 7%y FHEE ] IZERINTOSESRLT, JIEHEZMNA -,
4. HERREEER
4.1ﬁémﬁﬁwmﬁ‘
FOVBEIN TSR EZET 5, BEREERD 1T E I3 58 5 [g] MBI X
Nz, £, WEFHFIIHENZROREZOMSELITHEIZEL DD, THIES> T 72V MO
AV HOBENIHAW TR, & Z2FE TR ] [furkw]D & 5 IZMEH L U 22 H1D &I TAY
DHEMEDFHEE UIXUIFBIERI N2, BEEFIXTAR—&2 ()12 AV Tr—IV (FZ25) ],
J7— (E2)], I7Z— (FW ] &Y, ai. ae, au, ol IZIFEEEBIEI NN, T7 V1 (E
W) T2 (V)] 2 ul OBEIBIERINT TH1— RV RETSDBOEEIZL»
RonBnol, ZOFEN. =YX T2y /0L (5l-8R5)] %, BFGERD 747D
b ThyY—& (WM2dZ572)] XM, Ta4 (Zh)) V1 (2h)] ® [F5104% (Hbh
7)) BY, —HOFEICL =1 OXBVERIND,
4. 279t bOEFER
HIEGEDT 7Y MNAkk, 7272 Y v IR0 H] OAE. Z U TZTOME 7R
THY, TOMNZIEnHADFE LTt 1 DL, R1ICIHEEETOT 7Y bOEKREZR
U7,
x1: ZWEASOT7 7Y bOKER

iz! ZERmEVARIR sEHl

1 /Q/ W, 8 B, F M-
/O fa. B. K. B H. F f7

2 | /00/ h B S M 8], 17< BB
/Q0V a. 3K :ll: ¥R, 8-
/O0O/ FORCFOIB R 2D BB BL

3 | /000/ SN f“ fﬁ R, & *IL B, &Y B
/Q00V Mg, A B B R T R
/Q0O0/ D, ITZ, A RDEBED. KWL, BL--
/O 00/ #H. B, tHL. K5, BB

4. 3BKADTF &V b
I~ 3HDFEDT V1> &, FHEEHZHLIR2 IR U, RBD 1, 2HOHAFICEH

I EFE0RDIIHRL E—EIPA #H\iz, 7272y FOFTA0 BIZEE ] CRLE, BEo~—
4) ]ﬂ%o
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THE, ZeZFE 1M IO Ty . 24O ), [E] T (2023 3#EEROT 7€
VIREEBEINSEN), TNTIVERNZT 72y BRI NT WS /20, EEOMHTR-ZE X
HBIARDBRNE DI R D, B8, BEEOAFIHGE (D] WET . o7 72y
NME INF 2 a - (FEDED-)] DEDITENIIHEZTIND EEDNEN, SEHOFHET
FEDLNTVDEY ERICH ST INDIGEEH 720, [T ) NErF (EHOMT )] D
EOICTFRNYEMPBRINIGAE Doz, TN SHUEDLFAIZOWTERKTH D,
SHMOAFIIOWTIE, BEMOT 72y Neh@EHOT7 72y NMIFEPRZ S, RBELO
TRy MIOWT, BFIAIETHE VNG TEEE) VE TWeb ) TR, T 223
O7 7y hOEMHEBT S, [T T<KSF] ICEUTIEASMEDOTY 72> hOwEE
MWRdd, HEEDOT 7Y ML <BRIND SIZDOWTIEHEFEM (1984) 2 TE Y
NTWDEY, MRINEAFSO—DDORETHEEER D, D NE] X [RIE], VHEHD
Ml % D) 2, HRO7 72y hodteit@Eds ool 5] IvIv (F)]
RE, WIHHREDOH LT 72V NeEBEZAONDEEDH D, BRAI, MRENEFEORELE L
T, HEHO T OT7 7Y "PRHLENTWEN, §EHIEASE UTUIMESD [ h—F A
ZMALTEY ., GBI TARF ¥ | ZENSFH U ZGETH > 2200 IHEEE L 7 USERL D 7
I NTHo7,
2 ZHHASEFEETEE 1~3M&FHOT 72y b
C ) NOBF M, Kb 3BEEH S, ~dREES, * * = (TPHRED,

# i Bl
, FiRE W, iy B Fom me <) &G FE B E D
KA ) KLY fB B A B (3
FiRE g B, B £ (1)
2 E=i a5 FF dE D B . R AR ER RS LD
GRS g Ay BR FE OB R IV R . ML 5 (VD
FiRE Rig, %, 8. BE. & (1) FE & B gR () &#& Z+m D

M, OREFKIV) O R BB I B B (VD &AL R B VD

ESE B (1) NE, BIRE, ENF SR, =00 ZAL AR ALKy B
; Wiet, R, Z., 8. 7. M E--- V) <KBIF B8, oYU+ (58)
hEi NSRRI Y AED, B, B VY A, @k, D, B R B

LERIFKV) O H O4F B, 0LE vIV (B). BF. LE

EEERit ZUE B Q) IR KD E KIZE. bS5 KIV)  FHE. 8 T oY,
IKBLVY B BIAVD & B EY. &/ ID

IZ, AHIBAEDFEIZDOWT, Yo 2Rz FICRIT 5, TRE] ® [H) 2L, BEih
SR ZEMADEBEHRINTHD, Whwd TABRIBROT 7> b IZD2WTIE, &L
CREDIFL ALY TREERDO T 72y NPBEINZ, Z0EN, EE4FAIIZDONT, Y7 A
(KD X THI AR (FFTAR)] L, BHEZEO TNV EWENINSGT 7Y %,
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[T ARYER GREAIF) ] X T IR-X (hE)) RY, fifEEO THY BWE»I N
SEEMOT 7Y MY, Hald K OEIKIZB ) 2 L HO4FADIEIEN R EBIR I N,
4. 48FHDOT 7RV

B, ERELE BRIDT 7y NOXSEHIEIZH D, 2 HDFETIXE (127 (7<) &
(777 (EL)) O 2/, SHOETIE (THV (EHB)), (73 (R3)), Th—2 (G&
T)] O 3FEDOADOMINDH D, ARTIXET, 3 HOBFADIEHEOT 7Y MIDWTEI
HBARD, F31ZE LER), TAZ], NER] b OEFHEOT 722 hAVRLTH S, TTHE
OEIE TAD] &, HEOT 7Y MIBESHT, IHHAEOTY 7y M EEROBFE R UIZ
BBMW, BFHZIIEVTE I, BRIELOFNERONDBDOD, TH CEHRIL) OB &
FEIERUT 7Y MIRZ, I, FMAOT 7Y MIEHT D &, RIS TE CERR) 125
AR ONG, EHBIZ 7<) PR LA T 722 NT, [T AT 7] O XD IZHiE
DEREIZTDY) HAH 2 DIFRANOMOMS TEBRINTVIERTHD, /-, [FO—],
[FHy ZIWEGE LT 7Y MIFEERASICBII2 778 hOEMERL TS, £ 77,
BRI RVEHDHZ XA TH NI | PR LT 72y hEREHIAREIETH D,

®3 : ZHBASEEEREE BEOEHAEOT 722 K

E3oiZey &Ib  [~% ~F (- % ~ak (Z&-%) ~A47 (LIKFTL) |~/ # (Fd 9hY)
EeRcFiZ (=) 1F) ~4I (N3 - 25 G ~¥— (- 1&E)
~7 ~N (- R ~tL (€5 - 5% ~R— (&5 -BR B
Bl () E) ~F— (fz=\ - BE) =)
~x— (B - 3T ~<2 (F9)
TRT |TAYZ | 7RT+ TA73b TAE MY TRAT/H
TAR |NTRAYT |pa~an T ANA )b (FRT/HED)
PSS e
.\ 7ANEL TRE p—
5 TR R—
T AN —
TAET IR
Sy N B P e = ~N—=UrAf s ~N—= /A
N P 7 N PN ~N—F AL (~N=/HED)
_ ~N—T I A~
(3% |II*E) ~N—UT— AN—N1—
(N=UF—Eb) ~ YR
AN—T F—

(~N=F1%—

AV AN A Ay IZ 773k IZEAY 77/ A

ISR | ITF T |TT RN IZ/NAL I Ey—

PN (T4 EH) I57~N—

33\ - 1148) I SNt IS ERIR
I5EF -
IS5/ —

b |ri—y & | fr—vak (r—u42) v ) B

Fi—L =y T =L =54 =Y v

_ . (r=514reb) FerN—

B (3 115 PR PR
=y Fi—
- i—
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355 ~V =& (257 KB |~&n— (55 - # ~ZvR(1253) ~Fhv & (aho72)
~FHZ7 (BHn) =) ~Z+3 (25715 ~yHrF (§57% %
~htIA—= (257 & ) 1E)
B S5)) ~Fk—=H (FH)
~53— (bLLW) ~YHL (prh)
TAEY =& TATEAT— TATEIR TANFHy R
o TAEFHZ TR7kE— TR7L 2 (TRAFHYZED)
(3}9#7;@ FRT 5~ FRTF—H TRy P F
TRy g— TREY HL
TR I ANF1— (7AREY HLED)
SV ~N—yEOr— N—U RN ~N—VFhY K
~N—UFHT ~—v k- ~N—y &Ik 3 (~N=vFhyRED)
XAZD‘ N—=VTII— AN—JLRr—H ~N—ZyHivg
(34 - ¥\
~N—Fye— ~N—UY AL
~ T (~N—U o HLED)
ISV =4 I 7&a— IFVTE R IINF Dy &
TIEFAZ I 73— ESAP L SN (Z5/FHyRED)
G%%mﬁ) 15750 I5T R TRy
IZ/Ny41— IZ EVHL
TS5/~ — (5 EvHLED)
r=Uvi—=% Ti—r&a— PREED N Ti—vFhy &
T=UFrhnz =y h3a— i—=v &3 r=7vH¥ivr
3% (3 - 1148) T=vZi1— = k—H
=3 yei— T HL
—r~N1g—

DY > —20MERE LT, HEFFADT 72y b2dH D, A (2017) Tl
BT ERZE O T BB EN I N1 %R U 7205,
BRERDO TN HWREND T 72V MBBIEING W F
RERVERILOFFATH L EGF A2 FLIIT 72 bEBRELZE 25,
BT IAVAR (AL L) D& D ITERELD,
LD TREN TV AN,

AL (BEXPHN)] DX 7%,

[AIRRIZ,

4. sERAODTI/EV M

Btz % <9 A, BEe <o L,
MILERID Y 72 > M
LHDM,

Iz,
NTWBEE

A& REED TB -
T— T — (RN EHADATHREIND
UTWa &5 BN R RS, HEE ST NT,
ERELTHRE I NG < 22 HIHEA D 5 A3,
BINRRZNT WY,

KED 2 HFTIZ
[rvw 2 RA (BEIT) ] % TAE9 0 (BWES) ],
IV (FHBHEZ5)] BE, LVHWEEZLNET 7Y MEEERIN,

2 2 o)
LMHASTIE

WRFADT 7t v NDERE
L IT7E= (D)L

N e
HEEFFATH

I/, €2ZT, #

ZIFT7IHY

THWOHDOHZT 7k b

[ F 7 A—

TIFZAL D Ik 73 i 5%
M5 — (E) 1 D& D IR
ZW0] & TEW] ORBIAHKRE Lane», 17
FEMMBH BB E . BN S EARBLIAN DA NE
BEAEET S L ERAELDORA
A= GBW) L G UTE R
(A1 (W) ] CIERETETE T2 HWBIEI N &,

il s

A e D

BEE OE ZERMADIE LG LU TOWRWERFTH o2, HHIEDT 71 2 b TR

RO LIZR 2N TN D DY,

ARRBOEEMORAIZ, FTHAYE? R LU 2hEHe O TR TS, ik,

TNTNORARTENEZEL TS HARH D, 72L& 2T,

[~71

BIEI~T LN ORRDOT 7Y NORENIEA—~DT 7% Y hOBADELD L § 25,
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#4: ST SREEEE WARORAKOT 2% b
3 ki ~3 (&) ~ab (B ~R— (R—HEE) |~V =X (E5 KR [TY— (LW
~%h (h - BER) ~FZ (TY) ~kt3a— (57 - =)
~& (72 - WTE) ~h7 (hn)
B ~7 (0) ~Yxv (THARL)
BiEl |~% (F2) ~/H (BB hd)
~ (I - RE) ~v 7 (0)
~Fv (I RE) ~F— (&L - 4T5H)
~Hhx— (~EHEW)
~FI (53)
7t—3 FH—atb FHRH Y A= THY—& Th—7 30—
TeI—h THIAFR T— kI —
F— & Fi—HhS
A es T -V
& Fa— |THmy 4 Ta— ) H
GHE- 158 - _
(Y hyreEN) |7V oy T
FHAILA TH Y R—
(Y LoaNeEn) |79 hx—
THF v TYH o
f4r—3 £4—a b KRRy R— aNnYI—4& Kr—F 30—
L—h LHA TR fAra—pa—
L—5 K1—hZ
. LH Y TH f—P 1y
(%;”ﬁ) G | & hhy &K f4r—J #
LR LK Lh Gy T
ZhF v K Lh Y F—K
Kh N F—K
Kh G F LK

BB, RHOXIE T2~ LOFhEERT,
5. fhaf & SRORE
SHTEASEOT 7Y MEIRERT 7Y bOKRRERD, LFECEFEOT 7Y b oI,
LML T OLOMIEDT 71 > b DA BRI NG — 5T, BAF LR DR
B, LT 78y hOMEDETOmMNNROND B E, BAMNHIZOKRE B o7,
PRI, B L IS U CHEZ T TV EORTH D, BIINLT 7Y IBRED &S 4tk
HTH20E BIFHREIEL TONEDNE 0, GBLBVT —ZIZDOWTIIEBDEED
TAEATHRT2LENDD, HEZMWHRKL., T—REREIEL,
S 30k
Bok—H (2001) THGRT 7> NEHEAL SH—&Z - B DRIMHARY 71 > My =45
BORHE (2017) THERIIR=TETH G S H D2 HH, FEHORE 55 335 [ HAE ¥R 2 5= 2R
SUEsE (1954) TEAS S50 &)I1H05CHH
HEFEH (1952) THIKG S 06 (ZOHSKE)) TEFEYL 9% mlrdb
FEFERE (1964) THAIEO A SKE THADHSKES HAS SHERME  H0
HEFEAE (1984) [7 7€y MRS 2 —D0RE (77 ¢ Y MEMFRKRERFEOT 72> b fiEwR)) %
EEES Y
HEFEHT (1992) DAL S VIS IS 0ME TBIR BAGES AR 1%
TS - 6 (1960) TRET 2 &> baiy HUs

Wita &b
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P12

DREBEETRT N VELRERACBAERMFADESEICE TS
BRI ONT
B EE (RRREAT)

ikoma@waseda.jp

1. [FLHIC
RA VRO HHREECE, LG E S b ok RONEBELZ RTINSO NDS. L
BEZANL, RILIC L » TR 2 REFEZ OBRR =27 v 2% #£T . #2113 FA VEED schon 1L
fRIZE-T, 1) Txob) EWHIEMD TR, 2) MFOSoI a2 HEL>O>—H¥
35 TRRMAEE), 3) HEAGELLZ &ICxT 2 (KR Lo 3 20FNERT
& 23T % (Ikoma 2007) :
(1)  a.Peter kommt schon. ~—% —{% (Z-&) KD K. THEE]
b. Peter kommt schon. ~—% —{Ik5 k. (IF& - - - ) [RERMNEE]
c. Peter kommt schon. (W X°,) ~_X—% —|3k5 k. TEGH]

Tkoma (2007)CiZ, [~BEFA doch, ja, schon, denn % & T FEEHICB VT, FEEDOENSC=27
VAN L o TR OFBEMREA R OND Z ERH LT~ 72, £, EBQ014)NE, K
il OFEX Z R LB schon, doch Z &3 TeFEahEZ oM L7z, ZTORRE, By F 77 b
DEPNDLEEFB Oy FE—I NIV EBSAELL LT, K L LTRSS Z
EDTRIEI T, I HIZ, Tkoma (FIRIH)TIE, EFE(De. D XE MW T5GH] OFEED
AR Z, RUALEICT 72y RBREMND [HEE ] (Da.OREE & bl LR, [
il OFEEIL TS OFEE & ik U CHEERK & S EHIO RS ORI A L0 &<,
FERE RN O R W E(FO) I LY FO fe RKME, FoIMEDS THE(E ) ST R RS 2o
TWe. 72, 77ty hoENINDEHIBIMGE O FO O THEE] Lk L TL K
, FOE—Z7MEREVELRDZILET, 778 OHLEHD FO O EFENA LY K&
o TEY, 772 MISOFOOE— NEVESAETLTND I ERHLNITR T,

—Ji, RAYVEEORE &R RE A RO & S D A ARGEKBIG (Kawamori 1997) D ¥&EE
WZh, EOEMK - BREICEMEFFEDAED > TWA Z ERWEITHLMNZIN TS
il 1997, K& 2013, AF 2015). oI, NED) R T80 REDATFHEHRICED
T, FRpERFHE, o T EOBRBEREBES B> Tnad Z ERLUHEI LRI Tn
% (Fpfth 2014). TiE, HLET2.0MBELZRT A V5EOREHZ B HFEEE & B ARGEKD)
A Z BLREEICIE, ENENED XD RBEENRES RO D00 [ ULAREE 27~ d
FEREIZ L@ L 72RO R 6D 725 5 0.

AR TIE, Tkoma (FIRIA) (Z351F 5.0 R8F schon & & Te 385 & RDLT KIS T 2 B AGE
DOREBIE TR Z230HREE L RN LE NN THAEEREL FEm L, TS 21TV, BAGE

U RAFZEIE, ISPS BHFE 24520441 35 K OVRAR R F4REE iR (B) 2017B-004 DBAL 252 1F T
WET.
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EHFE ST RFOTBEMAEN 5 L, Tkoma (HIRIR) (2515 KA Y HLIERD R
RED A & BT 5.

2. FEEER
21. EROEH L HBRE
Tkoma (FIRIH) DOFEEFEERICH 2 KA Y 5508 schon % 7 €04 3L "Peter kommt schon”
DHARGERERD [ R—=F—3kD L) OXEFRFELE L THY, Tkoma (ebd.) TIERK L T-
fefE) TRRATHEIE] ThGRI ZNENORGCI L OKRFE LA HARGEICER L7 &£ H]
BELl. EBRoWHRE L LTGR04 (B34, Lk 714) OBREERGEE T KRPE
WAL T bo7e. Z09H 8 AR MSF S H T, %5 24055 1 Al IRE H
g, b2 1 AEFERFRHSFTHD.
22, REEEBRDOFIE
FERITEDIZH > TW DL EFL 24 1OWERE TIT o7z, 2 13T T O8kE 7 — A
WZAY, HOWOFEDOHNPHEZ Z 5K TEREEIT o7, HRE ITEREGE 4 X <FA TH
fRUT-A%, 24 CHBE Z1ToTz. 20K, HRE 241342 DR ZHET, TORMIZR-T
D% 0T, KEEHSOHE 3 EMED KL THFE L. S o&ENTEP TRAL, £
DN S DEEE D2 Uz
23. BESW
B LIS R T—4 (141C9o% 3[EIX3 SOREEX =7 9 MOFEFE L, it 89 HiH)
B a—H EIZHLY IAA, Praat (Boersma & Weenink 2017)% W CTHZESHT 21TV, LA
T OFERHAS AR E LT
1) Frgilef] - FEERE, &5 HEI ORI
2) AW (FO) : FEERARORKNME, f/ME, FHE, ©yFLoy, 20077
M) (APL: =% —|3], AP2: [2k5 L)) (28T D& KNMHE, K/ME, FHMHE,
vy F LY, AP1, AP2 OAJEAD FO O EHEB L OFO Y —27 DX A I 7
3)  IRE: FEEE AR, FE ISR SRR O R, foME, FE, 72 &2 M) (AP,
AP2) 2R DiNIE, R/ME, FEIE, IR0 O ZBiE
B\, FEEARD [ O oa)REFH (Boundary Pitch Movement, BPM) % #7253,
24. DMHEREEE
241, FiEeEmE
B 11z, THE(E] TR EE ] ThGm) OFEEERFNICIRIT D T— T2 — i) <) 15

2 ZOFRGEDONY T3 L LT, A B OXFELORTE IR &2 HHICAN TitA
TH D I REEFRRICES LA, AFFEOOHRIZITIT LTy

31 ADOWRE BN T 2RI LD RSN TWARWEEENRH - 7272, 89 Fiht eo7-.
dEESITICER L, NEMEZIR (B REEEREEE T F) I Praat 227 U 7" MERIZ
WA WL E s, R E 2 - Dk g UK (BB R T R
BWERER) 127 T —v a UMERIC TV W, D DICEGER L RS,

SN RIZHEELE 7/ T — a VBT T2 W=,
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[E1 ThEhOEHIOFHRR I L OFEFE RO R 2 =7
1.5

BiE mMBREETESE BRH

B1: & FH, AP1, AP2, FEELADFFER (B sec)

FREORAOFEH [_— LtrOFEH 1K), AP1, AP2, FHFEEMROFHHRIICZIB VT,
[SGf) MZEDOMOFEEER TH D THE] BLO TRARMAEE] L0 bE Lo Tuns.
Ikoma (FIRIH) (23175 RA YEELEERZ S THREEICB VT, XIRKRB L0 _To
B OFHgER 2 ThGR] 12V T THEE] £V bR Ro TV FEEERIRDREH]
» TG OBMEZSBHREICBNWTELS o TWDHZ L1E, AAREL FA YVEEORFEIC
BT LM E L CTHADZENTEDLTHA ).

24.2. EXREEHFO)

HEEEMRB LT 7> M) (AP1, AP2) ORI DM %K 2 (287, FO DfAfE
%, BEEERBION2 2OT7 72y MUZBWT, Wiy [5GRI 2Mho 2 DOFREEE
MEVENZ ERHLNCR-T28. £, FO £EhE (ByFLoy) B L T, 8%
MHEE] BT REREOE Yy F L IR 2 SOFGFEEM & g L TS o720
ZORERE, TBIRAEE) 2787 R4 VB OEFEORGEORME bIE L TV 510, AP,
AP2 DY v F Lo Ui TRGH] BMLD 2 DOREEEXK LY L RENZ ERGhoTzll

6 —JCRLE BN ORER, FEAENBRLLNT : "pe": F(2, 56) = 12.286, MSe=0.001, p< .01,
"yo": F(2, 56) = 7.055, MSe=0.001, p< .01, AP1: F(2, 56) = 5.462, MSe=0.003, p< .01, AP2: F(2,
56) = 8.992, MSe=0.002, p< .01, sentence: F(2, 56) = 8.858, MSe=0.007, p< .01

7 Ikoma ([ZEBWTIE, 77y FOMENFEL TH#E & TG OFRFEEEL L Tolrst
GLLTWD7e®, TERAMAEE] B L TIEE LW AOITRER S Tz,

§ — R E BT ORERLL T DB Y AEZN R A7, sentence: F(2, 56) = 9.597,
MSe=6.418, p< .01, AP1: F(2, 56) = 6.792, MSe= 8.344, p< .01, AP2: F(2, 56) = 13.258, MSe=
6.953, p< .01

O —JCALE S BUTHT OFERLL T O Y HEZEN R LN, F(2,56)=17.06, MSe=16.47, p< .01
10 Tkoma (FIRIH) TiXx ThGR) OFFEICER L Toha1To TWb 72, THEREE)
BT 27T —H IR EN TN, ARAF%E & DS T, Tkoma (ebd I 5 HHT — X
EEONT LIZE A, BEERICB T2y F Lo on TFERAEE] I2B W THOREE
B LTSN EBRHLNIR -T2,

W —JEE B B AT OFERLL T Ol 0 AEED AL ALZ. APL: F(2, 56) = 7.086, MSe= 8.305,
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25 25

WS WS 30 (=
20 | mBRsEE 90 m m{%ﬁi* m ZRAEE
T m R 'l B m 5
15 15 20 T
10 10
10
; 5 ‘i *ii
0 0 0
c3® ’2;‘- Q Qe' é}' 'b+ ,{} ®+ 0
&L & & & @ (\ & & 0 &
ST S Q@“\ FCEELSS & T

2. HELWKR (KBTS FO ORKIE, &/ME, EvFLUY, FHE, 8LUT7 It AP1
(hR), 7Ot b AP2(R)IZHIT5 FO DOFARTE, RKE &/ME EvFLUD, FEi9fE
(BA{iI : semitone)

AAGETIE, 727ty MIOFHETOY yF B (A5 E5A)) 2, HEEEXK L b

STWVWDLIZERMBNTWD (Rt 2014:82). =2 T, 2 5DO7T 7t M) APL, AP2 IZ5

FOMBHOE y F O EHEB IR EFOZ A I 2R E L. ZORREEM 3 1R

12 16 0.25 0.25
14 °
10 0.2 R 0.2
O wfs 2
8 10 0.15 0.15
Bz °
[ ﬁiﬁ 6 8 01 01
4 6
B =5 " 0.05 0.05
2 2 0 0
0 0 1 1
EwvF LRI EvyFE—2DRAZ2Y

3 7Oov rE API(E 1 &B), 7otV b AP2(2 BE)ICEITABEOE yF L F1E (B4
semitone), 7Yt ra AP1(3 &B), 7Vt AP2(4 BR)IZEITHEYFE—IDEA
27 (B :sec)

APl [R—%—13) (K3, —&L) OT 7y VMOFHOE v FO EFED, KRG

DFEFFZBNTHO 2 SORFEERX &l L TRENWZ RSN 52. —J7, AP2 [3£5 K|

p< .01, AP2: F(2, 56) = 9.397, MSe= 18.172, p< .01
12— el BT ORERBEZN RO - F(2, 56) = 14.58, MSe=3.29, p< .01
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(X3, £ 2%&EH) O FOLEFBIZBNTL, 3 20OREEKICEEZEITR N
MolB, BoFOE—snNEULD XA I 71X API(X 3, 0D 3EH) © KGRI D%
IRV T 2 SORGEEX L Ll L GRWLZ ERS0 54 —J7 AP2 (K3, 4%&H)
BV, [5G ORFICBIT Iy FOE =7 DX A I ZJIEERN R LR
7250, AP2 O EDOFE/IT FO B — 27 BAET TV D NERTRER, T’IRFEE) ik [k
X1 D <] DIW%ITFO E—27 BNELTHWEDICH L, THIE] TRGR] DIEFEDOK 60%
\ZF0 =27 3L, OB TITBRBOEH (21 2 F0 =27 B ET TV, ZORE
M, FEBERNE Y FOTHREIA I TITHEE L CTWA RN RIEZEND.
24.3.  iRkE

FERE RIS LY APL, AP2 (28T 2 IRIE O KBV, ThGR ] DEXZ /R T HEHIZH N T,
MOFFHEEX & g L T RENZ ERB BT o 7210
244. AKEFH

KeBhE TX) OESICED LS RAIRGTHNEND D, (THel5) TRIRAEE) ThGR) %
NZNDIEGEZ THATVTHE R, TR E E 1 DR 60%I2 H OFRRBHND Z & N5 hoiz
BL, HOBEFIIT LA & THGH & DFEET D720, SBOMFRICTHEL <FHZ0.

3. F&H
AW NTIE, [HE] TRRMAEE] ThGH) OERZTRY AARGEOKBEFZ 5T %

A [R—F—13KD L) OFBESEIT, BEORFEEZRS, N Y5ELREF OIREED

Lt Lz, ZOfE, UTFORNH NIRRT

1) Rl A ERORHER R TSGR ICBW TR Lo T e, ZO/MEIEL RA
VEEOLREE At [RGw] OFFEE HILE L TWD. —F Mo YV ERLAEGI O FEEE T
X TG OFFERIA R TOFEH CTHO TS oIlIcx L, BAGEKIG %2 & TRas
TldEH) & et DB O B FHGERFE AR O T 7z,

2)  FEARJEWEL  REEEEOERE R (FO) 13 [5GHI OREEORKNERMD 2 DDF
EENEY bEhoTs. Tk L, RA YERLEFORZETIE [hGRH] 128V T Fo
RKMEDMEL 725 Tz, RA YVEEOHKETIIREOY y FE T L2 LIk TIK
il OERZRTOICK L, BAGEORKE T, 2ROy F %2 LiF5 28T G
DEMEZTRTZENUEORERNORBEND. HEDEROE v F LoD, THEIRMA
HIE] ML 2 DORGEREK L L ThEholz. RA YVEEORFEIZB W T b [AEE
DFRERPROENTEY, S%FLI W ETHILERDDH. S HIZHARED [
DFFETIX, BAOT 72y MIOME EFERREL, =724 I TREA

B SEALE T OFERA BT R DN o 72 L F(2, 56) = 1.102, MSe=16.757, n.s.

W —SERLE S O ORE FA B ZEN L S 7 ¢ F(2, 56) = 8.813, MSe= 0.001, p< .01

5 — TRl E BT O RAEEIIA O N2 Do T2 0 F(2, 56) =2.077, MSe= 0.002, n.s.

16 —SERCE A HOIHT OFE RA B ZEN R S A2 APL: F(2, 56) = 6.408, MSe= 6.981, p< .01, AP2:
F(2, 56) = 14.637, MSe=7.564, p< .01, sentence: F(2, 56) = 10.968, MSe= 6.481, p< .01.

N RICHREROBERE T ) T —2 a &2 L TR0,
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CHZERHLNTRoTe. RAYVEED KGR OFFEIZBNTY, 778 FDdH
LEHEBHEO FHENKEL, =T XA I TNEVELS 2D L0 ) FEHEORE RN
AonTRBY, 5% LSO T2 48R’ H 5.

3) HRHE : BHAFED R Z2RTHEFEICBWT, ¥BFEERB LT 7 vy MIOIREED
BRRKENRIDREDEVWIFERNBALNZ. A VRBLEFEOREZHICE L TIs %y
HraqTvy, Ll HEAEZF LML TnET.

AMFFETIE, AAGEK B 25 T et ORI A T & 720y, FERE TR
B OIS OFELR A (R 2014) 72 EOBFBEBMAEDb->TWD. 5% b0
Braqtvy, RA YERLHER 2 3T 3an & A ARGEKBIGE 2 & TR ah 1S @I 5 1L 2 FF,
SEEA LA DN DA O L TNE L.

ZE XMk
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Assessing the Pronunciation of Japanese Leaners of English

Chika Fujiyuki(1), Sayoko Eguchi(2,1), Reiko Akahane-Yamada(2,1)
(1) Graduate School of Intercultural Studies, Kobe University
(2) Advanced Telecommunications Research Institute International (ATR)
141c306c@stu.kobe-u.ac.jp, eguchi@atr-1t.jp, yamada@atr-1lt.Jjp,

1. Introduction

There is a trend that native-like pronunciation is neither a realistic nor a suitable goal for leaners of
English as a second language (Isaacs, 2013). The absence of pronunciation in rating scales of
frequently used speaking tests reflects this fact. Even if pronunciation is included in a scale, it is
evaluated mainly in terms of intelligibility or comprehensibility (cf. Appendix 1). Having a good
command on segmental and prosodic features, however, will encourage leaners to speak out. The
present study attempted to provide detailed pronunciation assessment using multiple metrics.
Utterances produced by native speakers of Japanese on an English word reading-aloud task were
evaluated by a phonetically trained Japanese-English bilingual. The correlation among the metrics

was also examined to explore what property contributes to good pronunciation.

2. Method

2.1. Utterances

Utterances obtained in Eguchi and Yamada (manuscript under preparation) were used for the study.
Among them, twenty English words produced by ten native speakers of Japanese on a word
reading-aloud task were used. The age of the speakers, including both males and females, ranged
from 19 to 40. Their English ability in terms of grade or score on English tests varied from EIKEN
Grade 3 to TOEIC score 940, and none of them has been lived or studied abroad more than 12

months. The words used were following twenty words of low and high familiarity:

ahead allegory amass aperitif badminton
belfry believe bring calcium caul
Christmas coate conciliatory curriculum delicious
derelict diode disavow discriminatory doting

2.2. Assessment

Assessment was done by a phonetically trained Japanese-English bilingual. Each utterance was first
transcribed with IPA and then evaluated using six metrics: 1. phoneme substitution; 2. elision; 3.
epenthesis; 4. primary stress; 5. rhythm; 6. holistic goodness. One-syllable words were excluded in
the evaluation with metric 4 and 5. Occurrence of phoneme substitution, elision and epenthesis was

counted respectively for each speaker. Primary stress was evaluated by being classified into three
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groups : no stress placement, stress placement on a wrong syllable, and stress placement on a right
syllable. The ratio of the count in the third category to the entire count was obtained as accuracy in
primary stress, and accuracy was obtained for each speaker and for each word. Metric 5, rhythm,
was rated on a scale of 1 to 3 (1=not good, 3=good) and metric 6, holistic goodness, of 1 to 5 (1=not

good, 5=good). Average scores for metric 5 and 6 were calculated by speaker and by word.

3. Result
3.1. Phoneme substitution, elision, epenthesis

Frequent occurrences were:

. Substitution of weak vowel /a/ with /a/, /a/ or /et/
. Substitution of /1/ with /i/

. Substitution of /av/ with /ou/

. Substitution of /1/ with /¢/ (alveolar flap)

. Elision of /ou/ (as in -tory)

A strong correlation was found between holistic goodness and substitution (r = 0.95, Fig.1), but not

between holistic goodness and epenthesis (r = 0.63, Fig.2) or elision (r = 0.26, Fig.3).

2 . R? = 0.06557
5 3 i .
g 35 & 35
o R
z 3 . i EIR S— g
s 25 e 25, 1
2 - g R = 0.39705™ ) 2
© R? = 0.89324" < 1.5 [ 1.5
g 15 e s
° . 1 1
. 20 30 40 50 0 5 10 15 0 1 2 3
total count of substitution for each speaker total count of epenthesis for each speaker total count of elision for each speaker
Fig.1 Correlation between substitution Fig.2 Correlation between epenthesis ~ Fig.3 Correlation between elision
and holistic goodness and holistic goodness and holistic goodness

3.2. Primary stress

Primary stress was perceived in all the bi- and polysyllabic words, except coate, which was
pronounced as monosyllabic by most of the speakers. The accuracy by speaker varied widely, from
41% to 94 %. A strong correlation was evident between holistic goodness and the average by speaker

(r=0.86, Fig.4) as well as the average by word (r = 0.79, Fig.5).

3.3. Rhythm
The average scores by speaker varied from 1.41 to 2.76 and the average scores by word varied from
1.0 to 2.8. A very strong correlation was found between holistic goodness and the average rthythm by

speaker (r = 0.97, Fig. 6) as well as the average rhythm by word (r = 0.95, Fig.7).
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g: e an PO Y
g 2 L I
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1 1
1 15 2 2.5 3 1 L5 2 2.5 3
average rhythm average rhythm
Fig.6 Correlation between holistic goodness and Fig.7 Correlation between holistic goodness and

rhythm (by speaker) rhythm (by word)

3.4. The number of syllable and holistic goodness

The result of one-way ANOVA [F (4, 45) = 2.578, p < 0.01] suggested that the average holistic
goodness varied significantly by the number of syllable. A post hoc pairwise comparisons showed
that the average holistic goodness in the one-syllable group was significantly higher than the other
syllable groups while the average in the six-syllable group was significantly lower than the other

groups. The average of two-, three- and four-syllable groups were mutually comparable (Fig. 8).

2.5

2

1.5
. |
1 2 3 4 6

Number of syllable

average holistic goodness
w

Fig.8 Correlation between the number of syllable and holistic goodness
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4. Discussion

Apart from a well known substitution of / 1/ with /t/ by Japanese speakers, the substitution of a weak
vowel /o/with /a/ or /a/ as well as /1/ with /i/ were highlighted in this study. This suggests producing
weak/lax vowels is a hurdle for many Japanese leaners. Since weak vowels are an essential
component of English rhythm, leaners must overcome this barrier to improve their pronunciation.
The correlation analysis indicates a strong association between holistic goodness and phoneme
substitution, primary stress and rhythm. This result indicates improving both segmental and
supersegmental features is requisite for good pronunciation. Evaluating more utterances by multiple
raters is needed to enhance the reliability of the findings. Some of the metrics used in this study
requires phonological expertise, yet providing detailed pronunciation assessment is manageable: it
took for the rater about three to four minutes to evaluate a test word. Accumulating detailed
pronunciation assessment is beneficial not only to deeper and broader understanding of the Japanese
accent but also to the development of pronunciation instruction material. Such assessment data can

also be applied to computer-based pronunciation assessment.

References
Eguchi, S. and Akahane-Yamada, R. (unpublished)
Isaacs, T. (2014). “Assessing pronunciation.” In A. J. Kunnan (Ed.), The companion to language

assessment. (pp. 140-155). Hoboken, NJ: Wiley- Blackwell

Appendix.1: Extracts from speaking skills rating in frequently used English tests

TEST Criteria Rating DESCRIPTION
TOEIC ¢ Pronunciation High Highly intelligible
(when reading aloud, | Middle | Generally intelligible
pronunciation is:) Low Not intelligible
e Intonation and stress | High Highly effective
levels

(refer to the ability to | Middle Generally effective
use emphases, pauses,

falling-rising pitch to | Low Generally not effective
convey meaning)
TOEFL e Delivery difficulties | 4 Minor difficulties which do not affect
with pronunciation or overall intelligibility
intonation  patterns | 3 Minor difficulties which may require
that effect effort at times but do not affect
intelligibility intelligibility significantly
¢ Difficulties that | 2 Basically intelligible, though listener
requires listeners effort is needed because of unclear
effort articulation, awkward intonation, or
choppy rhythm and pace
1 Consistent difficulties that cause
considerable listener effort
CEFR Pronunciation and
(Common intonation are omitted
European
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Framework of
Reference for
Languages)

IELTS
(International
English Language
Testing System)
*public version

Pronunciation

Band.9
(highest)

e Use a full range of pronunciation
with precision and subtlety

o Sustains flexible use of features
throughout

o [s effortless to understand

Band 6

e Use a range of pronunciation
features with mixed control

e Shows some effective use of
features but this is not sustained

e Can generally be understood
throughout, though
mispronunciation of individual
words or sounds reduced clarity at
times

Band 4

e Use a limited range of
pronunciation features

e Attempts to control features but
lapses are frequent

e Mispronunciation are frequent and
cause some difficulty for the
listeners

Band 3

Shows some of the features of Band
2 and some, but not all, of the
positive features of Band 4

Band 2
(lowest)

Speech is often unintelligible
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REBEFRELAARAAREFZEEOEADOERHHICEISZ —BER
Kl B CRECUERSE) « (R i UREBRS) - i 8o (FhRE) -
A AL (R SN2 R5E)
yoneyama@ic.daito.ac.jp, yamanen@hiroshima-u.ac.jp,

fujimori.atsushi@shizuoka.ac.jp, yoshimun@u-shizuoka-ken.ac.jp

1. [FL®BIC

HEEIIA PV ABETH LD, E—T7FWmaNiELTHAARANEEFEEICLEST
FTEEPHE LN LIFASHMBATNDEZATHD. A ML AITRGEO EBRIVFFEICHE
BB LTERY, SMEBEFEEICL > TIETHHELL LD THD (L 2016) . K55
OFEEEI EFHEH DL I DMEFO A F L AKX — 0, HFEOFERE L LIRS BEDY
RO TS, FEEORERIIAT, B5, AL & OBWHMICERERER A R L&
Z HILDNERE & e, 4G, B 72 & OSUEMERBICERE O & HIHEEERE & 120 b b.
ATE IITRETRBA 2 2T DR EHI AR L, MEHIEI R y F2E <, BiEEEEL,
ZLTCHSHEFHEIND. 2L, BREAFEF=a2— NI VRa T 7 2 N T EH &
LTHN, LIFUIESHbDOxG L7225, By FIHELS, BEERITE <, L THIFERESN
5. HARNEGEFEZT ORFERGEICB W T, BFETH L AAREO EREAENEEL TBY,
RRRT 7 b, HHiE E W ERERA e ERLE RSB D o TV D T L HIE ST
V5% (e.g., Kubozono, 1989; Ueyama, 2000; Yamane, Yoshimura, and Fujimori, 2016a, 2016b) .

Yamane, Yoshimura and Fujimori (2016b) i, B§REFE T b 518445 her O FEAFRME & S0k
REIEIZOUWTHRET L7z, 445 her 2ZEhER O HAJGE & L CTHBLI LA SR (eg.,sawher) &
AT E L CHBLEN DM (e.g, herclass) (BT, her DFEFHEENMEROFEGEREIT S
DLEEEFM L, JKEGERGEEE & AREELNGE L THRGEFEE DT — 2 2 ik L
7o, ZORER, her DB D HMEERIMIEICEDL T, JCKIEFERGEREE OFEEIZHIT D her
DEENARANEEFEHEO LD LY bARITENZ ERHALNIR> TS, iz, 4
il her [XAFHCEWE Yy FTREFESNTNDZEBHLNITR-TND.

AMFSECIL, Yamane, Yoshimura and Fujimori (2016b)Df5 SIS X, HEEFED —D>Th
2 gekai 2 A AR NGGEFE D E D XD IZHRFEA TR O T THEET 2 DN HO W TIHRETT 5
HLDOTHD. b L, Yamane DO TIENIE LW E T 2D THhNIE, i (a the) (THEEEFET
» 57T, Yamane ©DOHFFEDA T her 238hE O HUFE L L CTHEL SN DH5M: (e g., saw
her) EFATAME L CHBLENDSRM (eg, herclass) & [RIERIC, JLKIFERIGEREH DOIEEEIC
BT D her DEIGENAARANEEFEHEOLDO LY b AEITELS, ELTHWE vy F THIERS
A FREER S W EB 2 B D. AR T, G (a,the) OFFER & €y FIZBET 500
ZATH 2 LT, WAOBREZIT) bOTH 5.
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2. =B

21, HERE

PRI L~V D BARGEE R & T RPAEB L 114 (BARANEGEZEE) L ALKSGE
EREELETOMAB L 104 (KIEGEERGEEE) Tho.

22. HEX

R Shc b—27 %, R 2 FAR OREEREBFRFE (BUE, 2011) 2oL 7
LS FEMODIERR SND /T T 7MW ThH. LA NIZED/RT 7T 7 %57,

Some years ago, Mr. Sato had a very kind student in his class. She had a pretty
name, Aika. Her classmates liked her very much. Sometimes Mr. Sato saw her
at school early in the morning.  In her hands, she always had very pretty flowers.

She picked them from her garden. Everyone in her class loved the colorful flowers.

BEIIHDOREET AT AT ol A1 A=V EINT T T T 7 2 — RN
EL, ETLIEIIBA. SEITERREYOFHET DL, SFEhicss
FREEVVAE UBAICE, AOON—ATEVET X I IR L.

23. o

4:1a11% a very kind student (Condition 1), a pretty name (Condition 2), the morning (Condition
3), the colorful flowers (Condition 4) 4 DDA FANZHE S Z Y Tz, JIEITOWTIE, FiEh
Eé: By FIZOWNT T o, EEEROWICOW T, EiORKEER & 2RO RERE 2 HE

, R DI ERR DA EERDOFEFRIZEDLHEER L. Y FOSIIZoONTE, &
RO Yy FONVEME L BT 2BEEHOE Y FOEHEZREL, BENORTEZGIN
fEaR L.

3. oiTkER
3.1. BADREFBRICET S50

LR DFEFER DM RIRDFFER I E D DFNEITDONT, — g N E R — B A 22 ]

DIREWREEIT> T2, #RENEIRIL Condition ® 4 5 (Condition 1: a very kind student,
Condition 2: a pretty name, Condition 3: the morning, Condition 4: the colorful flowers) T& ¥,
Pl TR Group O 2 26t (AL KIEFERERE S, HARANRGEFEE) THDL. RAEK
B O FFER DA BIRDOHEFERIZED LG TH D, M 1134 FJIFITBIT ek DO FEEE
EPMBEORFFERICHD L GE 7 V—T 287 my FLELDTHD.

Condition |Z FZNHENFED H 4172 (Condition: F(3, 57) = 3.665, p=0.017) . Condition {Z-D\>
TDO%EE (Bonferroni f#7E) 7>5, Condition 1 (a very kind student)®Z:{f: (0.078, SE =
0.007) X v % Condition 4 (the colorful flowers)D & (0.107, SE = 0.008) DIF 9 2%, HEIZ
LR DFE R DRI EIEDFEFHERA KT 2GR @2 L AH BT 572 (p=0.05) . Group
WCHEDENA SN (F(1,19)=16.859, p<0.001). il DFEEERE DA EARDREZERE KT
% EIE ALK FERIFEREE (0.074, SE=0.007) DX 5 2% AANKGEFEH (0.116, SE=0.007)

— 228 —



XU L HEEICIKD -7, Condition & Group DA HAERIXFRD Hiven -7z,

Condition = & @ Group ® FL#Z TlE, Condition 4 (the colorful flowers)LAF+ D 3 Ze{F:12 3T
ALK TEERGEEEH ORI RO OFE N ARANFEZEFEHEO L O LD b AEITENZ &
AR 5 342 72 5 7= (Condition] : F(1,19)=5.671, p=0.028; Condition2 : F(1,19) = 14.980, p = 0.001;
Condition3 : F(1,19)=13.057,p=0.002). F7=, Group = & ® Condition D% HELL#: (Bonferroni
M) TlX, AEENPFELIZOIXAARANFGEFEE D Condition 1 (a very kind student) &
Condition 2 (a pretty name) D i T - 7=. Condition 2 (a pretty name)? % 9 7% Condition 1 (a
very kind student) X ¥ & A EICAIREROTEFH OEIG @ &R B2 5 72 (p = 0.05).

—o—English ——]Japanese
0.16
0.14
0.12
p //

0.08

)
0.06 T

0.04
0.02

I—?—!

CONDITION1 CONDITION2 CONDITION3 CONDITION4
CONDITION

PROPORTION OF A DETERMINER
IN THE PHRASE

1. TL—TRAZHICE TP BAOEERNMOULADEERICEDHEE

32 WREEBBEHOE Y FICEHT S04

TR D By F LA & BReRE IOy F ONYEEDE (RTREE O By F D
B2 DI O ¥ T ONEIE % 5O TAE) 1[N T, —HBRE N R — R R K DR A
REEIT>T-. #RFE P ZEK X Condition ™ 4 £54: (Condition 1: a very kind student, Condition
2: a pretty name, Condition 3: the morning, Condition 4: the colorful flowers) T&H YV, #ERE
ZRIE Group D 2 feftf (AL AKHEFERERAGE, HAAIGEFAEE) THD. WRAEBIIEF O
By FOFEIE L FHREF O E Y FOFIEDETHD. 4 DDFMET R TOEMENRH
TE T E T RE (TACKRGEREEE N 74, AARANKGEEEE N 8L Th ol T H DK
BB T — 2 SR OGHTORGE Lic. K 2134 F40I2BT 51231 2 & #ifeih & i
DYy FOVEIEDFHE T N—T LT ay hLELDTHD.

Condition |Z EZVRZERD Lo 72 (F(3,39)=1.334, p > 0.05).  Group (ZITEZEN
Renie (F(1,13)=12.508,p<0.005) . jEaid & s H5 H#i oo B F O FMEO 2 O FAEIFAL
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KIEFERE mﬁ%@i?ﬂ(5&9$331%)5KA%%?@%£@%(9@1%#2W%

BEZf&nr~ 7=, Condition & Group DA HAAERITFED LR T7.

Group Z & @ Condition D HE L (Bonferroni #&7E) Tl, JLKIFEREEREE @ Condition
1 & Condition4 O HENAGE Tdh o7~ (Condition 1: 7.837, SE = 4.432; Condition 4: -24.999, SE
=4.712; p=0.001) Condition = & @ Group D tL#E TlE, Condition 4 (the colorful flowers)(Z 33
W TR GEGERERERE A O A & Bt iR & i D ¥y F OB O 72 DFAE A A AN G5 5-H
BOLDO XY bAEITE» o Te KRR 24999, SE = 4.712; HARNIGEFH
# 1 9.052, SE=4.408; F(1,13) =27.849, p < 0.001) .

—e—English —m—Japanese
30
20
10

-10
-20
-30

PITCH DIFFERNCE (HZ)
H

-40
CONDITION1 CONDITION2 CONDITION3 CONDITION4

CONDITION

B 2: JL—TRAEKICE T HEREEFETHOEYFOTEBEDE

4. EE

£, BARNEGEFEEORFAOREGEIZE L THRER & By F ot O o b a2
H% . KIFGEERER AR A ORI BT D ke DR R O &R ORI R4 528G 23 H
ANEFEFHEO LD XLV A EIZIKWZ & 2% Condition 4 (the colorful flowers) LAA D
Condition 1 (a very kind student), Condition 2 (a pretty name), Condition 3 (the morning)® {12

DOWTHLMNZR -T2, ZOKFIE Yamane ©(2016b)DFERERE D —/3ME TH DA FA D
A EFRRIZ, AAGEZRGE L T 5055 AL, MR CThH oMM a2 M HET 52 LT
RN LEETRTHEDLEZLND.

A & KR EHI O By FONFIEDED 3T T, HAANKGRAEFITETORNET
TIAOHKEERLTEY, —BEL TERAOZDEKZDREHOE v FOFLEEDIT D M
EHA LD Oy FOVIELD bE. BANIGEEEE OER & EROMEHOE v F
DHBIZOWTIE, TREEY OFMEZRT EVo TG Liveny. LnLans, AR
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NFEFHE A IIHERERE Chb 2 il 2 WARFE & RO Z LTV D ATREME b ERITITAE
TERVR EACKEFERGESE 07T — 2 LITRR LR 2 EH D &, Elzlij\ﬂ%nnn %‘@E b
FT =& ik & FREIE 2 B B NS D IRER R BRI &V D T LI BB T

LWEEZ b,

AEOE y FOSHRERIT, ARAIGEZEF I E NI v =TV AL TO
By Fay ha— oW TREHT 272D T ien, KREGEREESE OT —# 138
TITT7ENDI TR RAAL CTOFEN Ay b — V2R T b0 LTHS 2
EMNTE, ARANIGEFEE LITR R D RE =R LTS,

ALKIGEREREE OT —Z TIRT 7 F7 7 ORAIOLIZHT< % Condition 1 (a very kind
student) & /X7 7 Z 7 D Ect% D LI H T < 5 Condition 4 (the colorful flowers) & TliX, 250
IHIZBWTHEREVWD R O, TEFHOFEER O RIRDHEER I L O 2FIEG 05T
ClE, Condition 1 (a very kind student)”> & Condition 4 (the colorful flowers)|Z [\ 2>~ TEIATE
BT 2 I H Y, #ERAIIC Condition 1 (a very kind student) & Condition 4 (the colorful
flowers) & THEZEDRBD LAV, ZHUIXFL, il & BFmEHio vy FOFEEED ED
38T Cl%, Condition 1 (a very kind student)?> % Condition 4 (the colorful flowers){Z [[] 73> T 2=
DL T T 2B~ A T AE~ZEALT 22 H Y, #ERAYIZ Condition 1 (a very kind
student) & Condition 4 (the colorful flowers) & TII A B ZENRD HILT-.

IS ZOoDBGT A DB L E 2 HOTIERL, KEFERFEEE N T 7T 74
KE RAL L LIEBEERED T T v = ZICESWERBE L E vy Foar br—
NOFEM T D LEZ bD. ARIOIKIFERFEEE O By F O RIL, HiEDOA
FR— a3 VAR CH LA final lengthening & final lowering (2 & > CTHIDKEEE O &
'y FOTENELNT-ESR TH H. Condition 4 (the colorful flowers)iF1 > h x—3 3 L f)
KThDERIFIINT 7T 7 DGO TS E o772, Z OMIE TR S 4L, 130D 3 5%
LN ERDROTENDR R ONT-OTIT RV EHEI SN DS.

AW THLNZTERDPSTERBZ VD, SBROBEL LTI I TIE3HETTEE
e, — D BIRER OREE R ICEET 5048 TH 2&)\5’%5@?@%@ Condition 2 (a pretty name)

D1Z 9 73 Condition 1 (a very kind student) & ¥ & BT A) RO T DOEIE B ENT &G
T2 5 T2 HUIZ DO W T OFREFRIZ DWW TH 5. ffEDT Condition 2 13 She had a pretty name, Aika.
EWVH BT URTAERL, Aka LD KIS YT D45 2% AR ORI TIEND 3 &
L W24 70%, 72 Condition 1 (a very kind student) & 721 A B Z=NA U772 DWW TIEFA A
TETWR. A8, BRa RS A T DHFAMZR D 2 & TIDORIZONTIIRE L T E /s
AN

2O HIFILKEFERGESE T Oy FOT —XIZOWNWTTHD. By FDar hr—/it
FERICBWTH 7B — LR RAAL VDAV R R —2 3 ZDONTE, m—RR RAAL
Y OEERBOMFIZED > TWDH D, SRIOCKEFERGERSE O7 — 2 I3iE 2 ~7T b
DTHY, BFEEZRTHOTIEehrole. REZDO X ) RFERICIR o700y, X728
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H BB DM S 2R R TRNSTEONICONTHRE LTV E -,
BB, ABITHEREREZ L, MBI ORI B@fmi%ékéné7?1\“*7\ IZoUNT
D HINZT, EvF, KERE, T READ 3 ODBLEN S IAHIC 7 0 0 SR
&R & OBIRIC OV T 2B T,

&3 Ek

WHEAEER (2011) Sunshine English Course 2. HURL - Bl

LFREA (2016) [3EED A b LRI BN ) HAGEGES | BATEwR TS (W) [BUNE
ERam OB — FAE R 20 JEAERL &SR —1 (pp. 124-127) HORC: BRYATE.

Kubozono, Haruo (1989) "Syntactic and rhythmic effects on downstep in Japanese", Phonology, 6(1),
39-67.

Ueyama, Motoko (2000) Prosodic transfer: An acoustic study of L2 English vs. L2 Japanese. Doctoral
dissertation, University of California Los Angeles.

Yamane, Noriko, Yoshimura, Noriko, and Fujimori, Atsushi. (2016a). "Prosodic transfer from
Japanese to English: Pitch in focus marking", Phonological Studies 19, 97-104. Tokyo: Kaitakusha.

Yamane, Noriko, Yoshimura, Noriko and Fujimori, Atsushi (2016b) "Japanese EFL Learners’
Production of Pronouns in English: Evidence for L2 Prosodic Structure", a paper presented at
Acoustics Week in Canada 2016, September 21-23, 2016, The Sutton Place Hotel, Vancouver,
British Columbia.
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T—oavy7 (1) BERHA

TOYTAREDEOHDAHER: 23— /R - £H - X531 T*

M R RS AERESEKRT)
https://researchmap.jp/yearman/PSJ31WS-Prosody/

TR RRA L MR—=arR o7 a YT ¢ ORFRIL, L LIZEEED
WA - BBIZES SRR Z < IThbILTW\Wb, £, T O & FRIERRFITAIIC FEER
7 7 a—FIZ KDL EAIATON TE 72, T8, EEOHZN FEOREME, 22—
IRADFES - et b3S, T a YT AT AT e —FIXRN Y EREO 0 H
Do T2l2L, ZNODOFEZRHOCTZIRITHEHOBMORIZY 7 by =2 T REEETRIC
BT 2HixET 52500, HEOGHWHLDOLERVNLETH-TZ, LML, 2T b
ERWHZ LICEY, 7o yy o —RICH T 28ITEEY, 70, MMEOHEL 71
VFA4TEFICE EELT, SEEHEEMOA L F—T oA R0, T L EE T 5 RMEE
RE~DISHBIHFTE 5,

ZIT, R v a vy T TRERREFZLMTIoCE kA RT Tu—Ficks 7
VT AW DONT, Fikiw & EOMETIEIC L > TH LN RRICE S Z Y T TR
T5, T, Tu YT AWREOEERT—~ L LT, 77y MRMEHOMNHIZET S
LONRBDL, ZNUHITHLHEE (BEKELED) NEOXITHTEINDL LWV I HEIZ
BILREFE->TEY, EHOMEICERZY LD EE25, TO—FT, MR
AT 278 H 5, BR1ITZZDHI BT 78y ARANC L BRI B4 T/ % —
VCHE SN HAICBIT ARAUILIC OWTRET S, 71 VT ¢ OFIMAIIHE 2
PDINCEHENEMD Z LN TEDHIEA D,

7u YT R A BN ARG E L TRY, SEETEER I bR LT
[REE > HEAM) > BEHREE>EE(T v MH>EH>E—7 1 LW BEMUE S LTV 5,
K210 D [HFHEA) O, FICHEBE#HEE DAV —T7 oA ATEREYST
TebDERoTND FRA R EFNERN T YT 4 LEERE L OROA ¥ —T =
AREEDLSITEDD D), ML EEEEZEMRLD Z ENTEDHEA9,

SO, BEIE LUV OME S FRLOMERE L Wo e e Y T o BREAET L2 L
M, FR 3 ITFEFEOHELEHIC, HAREZH Sk T 57 H T OREN LT
IO DIIET A DN, Frica— R A0F MM - LEMICESZ Y TTRNT
Lo ZOREND L VIEERMIEITOTLODFEEFLEIENTEDHIEAD,

ZDOEICKRT =7 v a y TIIRNFREEFF > TV D LRI, B~ Zedma 2 24
LZb0L7o TS, V=2 ay X TOimEmaid U<, FiEmET 282 ED 5
ERIFIZ, K0 BRI REOIREIZOZR T TN ZERTEIFENTH DL, TDT
W, V=7 va vyl TiETe 7 SRS A T MMEIC OV T bigim L, ME
EIETEZHLEHSTCVD, BB, V=2 a vy 7Dldoy
2T R=TVEABELTODLDTERNEZET D E2NWTH D,

AU — 7 Vg TIEESEFE T IREME T e =7 b TR
SEFOBENO RIZAATFEOER L L] IZLH5bDTH D,
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WS1-1 J—5o<3v 7 (1)

ERP ZRHW-EE8E7/7 Y FOME : IIKEEE

A A% (ERZERT) Kk Kt (@RKE) KA F (BEARRERERE)
yearman@kyudai. jp

1. G

AFERTIIT 72y o) BHAMRMEIZE B L, £OHMRICH T 5 ARSI
DWTAT o e ERFER - WET D, %%ﬁﬁﬁ%%ﬁ%ﬂ%b\t?ﬁﬁz/ k DRFFEIT DN TITA
FREMNR TR DIT X D —#DEERRI R AL L, BESHT 21T T2 < WEsAA R 2 H
W2 AR BRI FN R RN T OAFZE £ TR L TV D (2A8(1994-1999) % S HR)

J7 T4, EEHEEN (Event-Related Potentials, LA F ERP) Z AW ifFgE b, 17T
XTWV5,

ERP & 13H 5 FRICEHE L2 MOBENMNELDOZ & TH D, BAKITIX ERP 5y & M
T, R (THAERE) , B B, FEREAE~DISEME, ik, WOBIRE Wo iz
RPDREIND, ZHETEEICET D ERP i LTIEROLDONRH D (LK
QO17/EIRIFNZZ /) . £, BEWAREN GER) 123 L TR 400 X U #himid 28]

LEINDRRMMIT & LTNA00 285 2, BLEELSCT B9 23 56 L THIRE 300 72 5 500
R URICEIZE I NSRS & LT LAN (Left Anterior Negativity) 238 %, BHI D& <
5 DAETECEE ISR L TR 600 X U FICBIEE S D BMER Y & LT P600 3 & 5,

ERP DI 51T > 7= & FAF4E & L Cld Koso and Hagiwara (2007), Tamaoka & (2014),
IR B (2015) 72 E A3 %, Koso and Hagiwara (2007) CILEIFA DO T 7 & > M EKIZ X LI
IKF 400-800 X U BRI IZE2MER Sy 238142 S 41, PAN (Pitch Accent Negativity) & 44 {15 T
wé—ﬁTmmm%ngiY&k/h \ZHEE L7 ERP W DHAEE & Ebfwé

AARFEDT 7 & MIFFEREA 2 & SRR 72w 23 & %, BLAIA 72w 2B LT
%, 2hEcts< @*ﬂxﬂ:%fin 72 B M T oL T D (— kI Tk Kawahara
2ms&&%ﬂ%)o_@9%$%f%5%515@9%77ﬁ/%K%?éﬁ%ﬂk
XL 2FED D, ET 1 DTS Q015)BX R E LI-FREERARICET 2 HAITH D,
T TEGFEORTME SR L R EHE T 1 DORE %ﬁ&ﬁijkwo%af 1
SNAHAZ LTIV FRLNULTIEERESNDS, b 123778y NORIZET S
HAITH D, AARGEOEAGTE (BEE4F) 1TBRMERICTL > TR E D HENIEF 2 <

(McCawley 1968) , /NMED (20153 X OARBFFED R 5 BB EFR N 3 T— 7 OEEFED
TR FOWTHE, ROLIIC—RILTE S,

(1) HEEET 72 MEHY
a. BWMEZROT 7y PP EZIIREE— T >R EZROFE 1 T—7
Bl BARIFEBE b= b Eh, FO]+EEI]>EDB|E D

C ORI L E N EEERF TR EAZE T e Y e v b [RRE B OBLEN S R HAREOEF L X
1], JSPS BMFE: (26244022, 17H02332, 17K02689) , -Ak 28 4E L AEA{RAG Rl 52 K% P&P 7
oYzl MIEXDHLDOTHD,
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b. BEERENE L, F2E—T->T7 7 bkl (ZELHBLHD)
B RIE+TFI T AL ~]T (= F ] T H )

INRBQROISIZHEAFTET 7t MERID 5 HEEEFEIEARICEAT 2 #HANGERK Lz &
ZIZTPAN K OPPO00 DB S NDHZ EZERMLTWD, LL, #HAEET 7B Fofir
BRI 2 HAIICOWTIIRE 21T > TRV, BAEEER LEAEDCT 7 b
BT 2HAITIESH 0, MLV OHAITHEH D, LB T, /MR ORERNRARY
W TEERE o7 7y MRAIZ KM L2 o0 IRst 2845, £ 2T, AKFgETi
(YO BRNT B9 2 528k & Ik L 7=,

2. i
2.1. EBRZME

FERITRIER IC RN, SBRTNICEDR RPBE 7RIS LER L (REAFx
T, MRARERILR)  RBXZORE, Z2MEDOHSICE L UL+ THRHEIL, B
KHDWFHERAAT 7 MEREBETDHHEDiEE & LT,

22. HIEEE GRAT

FINSRE & U CRIERESE, B EE L BIC3T—TI N0 b EAHEEMHEH Lz, hilH
FOHFEILT 782 MIESE 2 &MITH T T2, F 1 ORI HAMPE SRR 2
5H DT ERBIGA) MRS, 52 OSMAITHEMAEFERFICHERIC/2 5 b O T [HHE
RIS LRSS, - BEBEFEOHIEITT 7 oM, BEEIC X HHELET S
72D TEARGEOGERENE] 77— 2 _R—RA L DBBENS0LLEE L, Bk oHIBE
B —BIZED D T2 DIZFEEI CVCV 2V LIX CYN THH L DIZRE LT, Th<E
N OB Z 2N RT,

(2)  FHEME ST, TELEE, AT 0.
SHEm SR 7 — LliE, AEEAR Y, KD

PR3 —R RS (1977 FAEEN, HEHHE) ITL-T, ELWT 7 & M
(AR EROFE 1 E—TF TIND) Liaolc 7 7y MY (BAERFITERRIC
RA) ThE ST, £77, EARTBITERENZ e~ FO DOIEAEL 72 5 72 8 (Pierrehumbert
and Beckman 1988, Kubozono 1988 72 &), Praat %t H T FO @ PSOLA H&EZ 1TV,
FO DRI FEHRAICE DY, EHRM b ZoE FIcEFiiRe2ERIC L7, ULkicky,
el et e & 72 5 OIRGE) AR - IE5 7 7 & o MR, Q)RR &K T 7 ' h S,
(EHmM - EFT 7 vy MR, (VAR - ERT 7B MEEEWD 40D

3) FhoxldH
VA - ER | P - B | sEm - R B -

HUM ~ /= KR~

we WA~<17n | BiA<ZsB= | FEEXIRY | EEARV=
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23. Fhe

B3z DFHANZ 1X TEAC Polymate AP1532 %\, #EMME 1-Z 3@ L CEERZ o> 19 5T
MO ERER L (7Y 7R 1000Hz 5 437 RFIZ 200HZ (24 7 37
¥ 7). D%, 60Hz O/ vF 7 4% —, 0.1-30Hz D/ K/XA T ¢ )L X —% )T
TAEHHMEFEE L, £ O ERP ZH M LT,

. MR EBE

3.1. R

()AL « IEH 7 SR0F & Gi) AR - BT R E T D &, ISR W TERE 700
2 UMEIBICEREE SRS, SO L > THE B LEERICEFDEITERET
boT- (F(1,6)=11.01,p<0.01) , —JF7, Gi)SAEH « E5H 7 504 & Gv)sRER - BT 5
TEE T 5 &, (VIZBW TR 300 X UM N SN0, oairic &
S T(iil) & B LGB E OEITA R TIE R o7z (F(1, 6)=0.98, p=0.36) , 11z
ERP W 2 g, FEMMBNIER T 5, RBPERT &METH 5,

-3 C4 -5 T C4

==correct w—correct

. S
. cenei ) .
: -, incorrect / ... esesincorrect

S
N ‘fﬂ/‘-_ -

%o

1 (i) & (ii))® ERP (L) & (iii) & (iv)D ERP #ETE(FH)
32, BE

FEEBROMEFRIIBHRERZOT 72 FOBEICLV R DI LD TH o7z, (()DF 2 E
— 7B W THBIE SN IEE DR D PAN EHEESh D, Thbb, 7
72y MCETLIHEBMEKMR LT bDIEEEZBND, 2720, ZORSNT 722 K
DED LD M Z KM LIZDODIZONTUIE LR IBPNBETHAH, L HDY,
HHc7 72y MCBET @M E VD Z & THNIEAGITB W TS PAN BNEEEIND
ZEDRHWRF SN ADIZK L TENDBEI N TWRNNL TH D,

(i) & (V) DR THE e 2 OITHRIE A O RRINETH 5, (1)1L5 R DY HAMIRE 2
W TH D720, HEFET 72y M EH SN THEBEZRDOF 1 E—T1T7 7k
FMEE STz, FRUCH L Tv) TlE, BHMERITHEMRFICHEN THL72D, HE
FEDREEF L ol LT DT 7y MIEATET 72y MBI REIIZE S
T=Dh, WH SISO N E R0, /MRS (2015)12 & - T PAN 2AHHIO#
FICHT 2 REBNELN TSI EE 2L E, 20X ) RIS /TREMEIT 01235
ZONDHTEAH, —HTHEOEBRT 7y MIELLE TEIRMABEENL L 25
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THEHRPHNTZ] DO TH -7z, PAN PEHANEH ORI LV RET L 61T, &
RS (BIO) EIRBA~DEBLO L 5 GBI FROBARBBREND1TTTH D,

4. FERR LS

AFRETIIEATET 7o MHAOEHAIZBE L TIT -7 ERP OFHIZEERIZ OV TH#
L, FMUEGET 78y MIXHT2EXTH-TH, EWHNHAAZRLEAICIEER
300 2 U HEIIZ ERP il MBIE S - oioxt LT, i H AR EIN 2258 I3 e Tk %E
THE IV TWD ERP i N BLEE S e o T,

A [ENIHHE A OFE EAERINC 2D b DO ZEGRE LA, BAREICITEGTETER
ANZ/R DHGE L —EHAFET D (B &, A, 6) , 2B T 5EK TH RO AL
DIRBEIND N L, FTEBEOR DM DEET D, 12, SEITEREDOT
s MRANZRE LR, SkEBEOT 72 L hOBAINEH S b D7
CFRIRT DON /T, ZHIZOWTHRBROFERBZF SN D,

RZICEBRICANV DI BT FIZON TR TE L, AROER TIIE/E L FO 2 Hg &
LT L7z, ZHUE FO OFEERITO2R T VTR &R OE NN Z —F > b &
LTWEBHERE 1 T—I 0052 T— 71X TTIHRL, fifEZEOE 2T —T
TTTIHNTLEI NS ThoTr, 72771, YT Z O S T & B RTDE N
ZYHILTWD D0, ZDTFRITEFELIRICB WO TIRWV G D72 DM OW TIR R M T
DILTWRNDOTEZOFREE Lz,

SRR

Kawahara, Shigeto (2015) The phonology of Japanese accent. Kubozono, Haruo (ed.)
Handbook of Japanese Phonetics and Phonology. Mouton.

Kubozono, Haruo (1993) The Organization of Japanese Prosody. (Doctoral dissertation,
University of Edinburgh, 1988), Tokyo: Kurosio.

McCawley, James D. (1968) The Phonological Component of a Grammar of Japanese. The
Hague: Mouton.

Pierrehumbert, Janet B. and Mary Beckman E. (1988) Japanese tone structure. MA: MIT Press.

Tamaoka, Katsuo, Nobuhiro Saito, Sachiko Kiyama, Kalinka Timmer, and Rinus G.
Verdonschot (2014) Is pitch accent necessary for comprehension by native Japanese
speakers? An ERP investigation. Journal of Neurolinguistics 27: 31-40.

INFRERAC, JRHEACH, OFERTCZrda (2015) THAGEEGRET 7 v MRRIOERKIZE D
% ERP#F%E] HAFEHEFRE 150 M=,

g RRT (1994-1999) [HATEE R OMFIE 5 1 E~5 78] MURER.

JNWE ARE, /IAR BIAC, GHER 7o2hda 2017) [EREERICE T 2 €y F7 720 MER ¢
HRBE BN EERIZ X D ET) Prosody and Grammar Festa ([ESZ[EFEAFIERT [xf
MEFEY 7ny=2 b F 1 EGREEREERS) .

2K R (2017/HIIH) TSFE(ERP)) , $eARELA « F ILIE—() [EELLERS: &R h/E
B BIE SMD  pp. 91-97(TE), HES: ALREEE.
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WS1-2 J—5<3v 7 (1)

MEAMEREEZRE T ORENTFR. REASLARAS
HH B (R - IRHE AR (RUTRE)

y.igarashi@r.hit-u.ac.jp, hirose@boz.c.u-tokyo.ac.jp

1. [FLCHIC

HAFER R T SICTBWT, MiEmicB T 20 UEEDEVCPRFBIC KBS Z &
DHIHILTWND. _ODf’*EEE#EkEE?%&@F%% , TEE G & DS HE O IA E 7= e sEEE
WZBWTC, AR (F0) ONbH EFBNERZS) EnIHrETEREESNTWD4]. 20
BRI S SICHBERSN D N[5, 9, 10], KKAEZFLE LZEE TSI L X
B3 IS DIEV DS FO IZHBRIC S S v & 5 iy 03 dd 5 [3, 7, 81

TS S IZBWTH D S E OE DS FO IZIHBRIC KM S LR WVDIERE A 50,
@@E%E&ﬁ* BT 7Y MERIZRD B6GE (727 7Y MKEGL) 238 5,
COEFRIC LB E, WHRFEIL, MNTAHET Iy NMUOENMBLOTE LY ZWO T, FO
THE ST 7 MO KR %m%ﬂ,_w L, WEEBAEEICHE > T LLD FO B2
FEEDLZ L ~DHERD EVI6, 8], TIHAR—XIIE I THA I D, KERFFERER
Kﬁﬁ%mﬁ%fﬁﬁﬂﬂéﬁﬁﬁﬁéikﬁﬁ%ﬂfhémoY&ﬁykﬂ%ﬁﬁ@ﬁ

R LTI H TR LV, LR - T, FREREICBIT 2R —X0OME L, "l
SIS E TR ERWIFEINS,

AWFZEIE, Wakim & BABEOBRO T EZZHONITIHI 2B E LT, LEHBKT
LHEEIXR—TH DN, MBI D VEEN 72 DB %, B - Ml 5 5 a6 1058
RESHLEMNFEREIT T,

2. Fi&
21. EF&E

R, WRTEREE 74 (K3 4) L hsia 64 (KE34A) Tholzz W
TG 19N 29k £ TORFEA, RFEFRETH -T2,
22. TARX

FARNYIE, £LISRT 3 XEE, 7L—A (ERFETIE LIFEZICWED 2,
ﬁ%ﬁ%fﬁFWHE:KﬁAxmmu)@Eﬁmﬁosai?%oto?xbim,ﬁ%ﬁ
WZBITDHT 7y MIOEBWNIHESWT, 3FEEOT—% v b (Dataset I, 11, 1II) 124y
“I %i’bto BARAIZIE, B 1 CEH EE 2 LB T 7 v MUOMAEHED, Dataset I 135
ERIER + HiE AL TH VD, Dataset 1T 1 & S EEZ H{KE XML TH Y, Dataset 11T HHAK
EREE R Tho7z, B 3 WHIRFICAEXEE ThH -7, 727y MOE
WD D DITER TS OATH Y, RS TIET X TOXHENEE CFH) Th-o
oo TNENDT—X Ty ML, PN DERRZSLORT 6 FEE DK Sz,
23. &y, HWFIE EHEI

NEfy% 2 v 2 BT LTeT A DA EBRE IR R LB L Th b ole, TR, SCOBEB
PREEOT-OOHMAL T A ML E E IR Lz (£ 2), B SN/ HF A% Marantz

DRREL, ESCEREOIEATIENE Y B = s b RS EFOBA b R AARREO TR L 30k OIE%= T TT
ST RO —HTH 5,

MM ERRE ) I, R, RN, BT, TETHD, TIORAEZREEE L CEG LKICEA L TEA
LER L, —F, DERGEFE) 1, KB, 20, BR, &E, @H, R THED, AR RHNR7T 72 b
W%%ﬁ?éﬁﬁa%!ﬁ&bf A5 LIKBERITE T L CE T2 N E B LT, RFAEZLURTICRIAZIMERED & 5 A
R, FENTHEFEZ M 2 NTERS Lz,
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PMD660 Z W\ CTEkE L7z (16bit, 44.1k Hz). HiFFS /=7 7 ML (3872 58 21
I FEEEH AT DERAN LT, WS 250 556, T 5 156 AN mhrktg & e o7,
FkE ST F 1T Praat [1] THEEATONT Uiz, FHAIL, SCHIEER, XHiOBEZDOR—
X (#EF) XK, BXOFOEZFAT D200 3 4 (XED@%l 52, REE—TD%F
NENHIRANE) Tholo, 203 KPDRMF0 2L, ©yF Lo Yo AN ZE% &/
BT 572012, BT LI Z AaTIZEB L=, FO D3 5 ER— R D I T iF
HEINDDEDERFTT 272012, TRENEMSLEE U B0 217 - 7=,

3. HMRLER

3.1. FOf&
B 1%, Rl 72 RICEB1T 5 FOEONYE (REEHOT —2 %27 —N) Thbd, HIK
FE (L) TSI OEWCEKT 2 FOEOENEETHLHDICH LT, %55 (h)
TIZHABETIZAR ), % 3-41F, 9 A0 FO fEIC L > T D3 OE W Z 519 2 5154 (5
HBANE) ORRTHD, RS TIEITRXTOT —% v b THEREMEH BB 15
HILTe, FEHBIERIT 86.9%LL ETH - 7= (Dataset I, 11, I DJIEIZ 92.8%, 89.2%, 86.9%) ,
—F, IRFSE TIN5 T —4 2y NTHOARREEHRIEZEIIS SN o T,
32. R—X
H 2 (IR —XOHESE (ééﬁ%@?‘@&%iww) R, WHFEE B, EEgrho
AL 2 CERIC, AR OBEITE | XERICR—XNEINLEN NS D, B
Eﬁiﬁjﬁ ZEIIZOHEIZRD D, &< T ZWEDPIIRNIEEEDS, T8 )7 S TIEaik
DFY 67% (4= 156 FEEEH 105 356) 2 5D D DR LT, ﬁajﬁ TIERERDR 20% (£
250 FEEEH 49 FEEE) A HDO DT E R, 3 5-6 1F, RN—XIT Lo TSI OE W Z ¥
BT 2HB M BEREIEALE) ORTHL, WHFEEHIZ, TXTOT—FEy MNIEB
W CHEBREMEHBIRBEEN S N, —F, EHRIRICEFSENALN D, IEHBIRT
HH S Tl 83.3%LL ETH 572 (Dataset I, 11, I11 @JIIEJ 89.2%, 85.5%, 83.3%), IT& 5 =T
1L 68.6%LL FTHY (EIZ 68.6%, 64.2%, 63.5%), HEFIF S XV IEET = DIE 5 HMEW,

£ 1. TAMIL—X

JER Gy 3L FEL Gy hi

[FEL 0 HRD] BRI A] [FIE4FE 0 RO BRIA]
([T=AFED F—AVED] BIXSA] [T=AHED [T—AVED BIXSA]

Dataset I (KT E D BV RO R k¥lrz=o (BY RO R

(Fid+m ) ([(BY#FED HEEREO] BEESA] (B0 [AELRO EEIA]]
(WELFED 5 EARD] TS A WELFED [ EARD FHITS A
[0 VA BD] BES A et (VA VB0 BES A
[HEREFE D FREO] HREA] [HREFED [FHERO BRI
[T=AFED B EDO] BIXTEA] [T=AFE0 [BEVED BIXTIA]]

Dataset I (K= 0 fmR o] JkEH KFEHZ 0 RO Hk)

(L) [(BYilFEo HTRO] EESA] [Boisgrzo MR EEI A
([ELLFE D BTARD] BT EA] MELFZD [BTARD B EA
[l & o BRO] FES A [ & o 8RO FEH I A
[IEfELF = 0 HRD] BRI A] B0 RO BRIA]
U&@ﬁ%@ F—ARBO] BIEEA] [BHEFED [T—A VRO BIESA]]

Dataset I [FXFE0 BYWRO] MR [FXirzxo (BYMRED R

(R +m L) ([T BTRD] EFEA [f T iF & o [AERO HHES A
[F—F—lF&D 5 EARD] Bl S A [F—F—F&ED [H EARD BT EA]]
R EZD TA LV BO] B EA] R ED (VA BO BEHS A

& 2: BREAEDEOICRRESNIEFHRAXD—H5.

TARL  BREEOBEBROBRESAIIEZICNWED (EZIZBARA) ?

R AEEIFEREN T E T, ZOBRRXS AR H D A,

E=1: )= vl
I ER L AREOBAR S AR E TR, YR E BRI BIRYR H D A,
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Dataset | Dataset | (B f2+=k2)
— s EiESh
D BHATT D BiAnN
E 0.5 S 0.5
(] (]
© 0 2 0
=] =]
= 05 = 05
_1 _1
a b ¢ a b ¢ a b c a b ¢ a b ¢ a b ¢
BIMET  E23MET  E3NEn EIWE  E2WE E3TE
Dataset | Dataset Il (E#2+E#2)
— EfEnhhi ot S vaNE )
5 HiEah s Gixmmi
—_ 1 —_ 1
E 0.5 S 0.5
(] (]
2 0 2 0
=] =]
= 05 = 05
1 -1
a b ¢ a b ¢ a b c a b ¢ a b ¢ a b c
BINET  EB23ET  EA3NER BINET  BB2NET E3NE
Dataset Il Dataset Il ({E&E2+=#2)
s —— Efah s — L
AL T BRI T BHESHN
E 0.5 'S os ST N
2 o 2 0 .
=] =]
“ 05 % 05
1 -1
a b ¢ a b ¢ a b ¢ a b ¢ a b ¢ a b c
BIWET O HB2wE]  B3WE BBI1SET  EB23ET EB33ER
(a) HRHE b)) EwITE
1: FO {ED F41E
= 3 FOICRHI BHIRRITDIER - RRAE
WA EYEFHEY  Wilks™ A T df P
Dataset 1 2.142 .826 318 87.584 9 <.001
Dataset 11 1.412 765 415 67.360 9 <.001
Dataset 111 1.137 .729 468 58.855 9 <.001
= 4 FOICRHIHHIRNITDIER AKAE
BAME  EYMEMHB] Wilks’ A " df P
Dataset I (R1td+=d) 162 373 861 6.673 9 671
Dataset 11 (75 i HEL) 260 454 794 10.731 9 295
Dataset III ({2 +5 ) .187 .397 .842 7.801 9 554
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100 AL 100 B A N

DERAIN g mpatsTavalk )
80 —
g R
3 60 ﬁm
40 o
Fo | H 1™ ] | o, T
o = W1 | ml Bn wll «fl B0 m 0o = m E :ﬁ o g o
WO ¥ ¥ W
FEEEEEEEE 5 & B B B 8 % & &
O S SRR S S SRR S S o B« B < SR s - T« B S < S
P S R S R~ R O O OB K R K R R
Dataset| Dataset Il Dataset Il D.1 {Eﬁﬁ%ﬁ) D. Il (E#2+{E£2) D. 1l ({Efe+EED)
(@) HRHE (b) TEEFE
2: IR—X .
%= 5: ﬁ—f{:&ﬁjéﬂﬂ]i‘:%‘?fﬁ@ﬁ%:iﬁﬁ%
B IEVERHEY Wilks’ A % df P
Dataset [ 2219 830 311 92.952 3 <.001
Dataset 11 1.405 764 416 69.779 3 <.001
Dataset 111 1.182 736 458 62.819 3 <.001
%= 6: ﬁ—f{:&ﬁ?éﬂﬂ]i‘:ﬂﬁ*ﬁ@ﬁ%:i&%’%ﬁ%
BAME  EYERHBES Wilks’ A 2 df P
Dataset I (i EL+ L) 405 537 J12 16.325 2 <.001
Dataset IT (i +HEiE) 197 406 835 8.916 3 <.001
Dataset 111 (IKiE+5 L) 258 453 795 11.261 2 <.001
4. FEim

FERRHIEL 3 DA & 23 B 70 D IBBRE SC A, R - Tl 7 S 65 ([CRGE S ¥ D PEH SRR A
1To7z. BUIZ, TATHROERERZFHHE L, T S CIIHEENIE S g Fo (2
Lo THRRIZKBI SN2 WZ &R LTz, 8 2 12, IS T, o iEiEoEn 7,
A=A L > THUTLERIENRNWZ EE2R L, TRFSICBOWTEAR SN
DD FO DZEEN/NIWEFREIL, 7278y MIKEGIZ K> THAT 2 N8 TE 5, L
LN R—=ZXOBENPTRTSICBVWTRWZ E 2R LERERIE, 7722 Mot
IXIEBIfRI, HREmm RO BRHANC T EENHFAELTWD Z EERBL TN D,

ZE Xk

[1] Boersma, Paul & Weenink, David (2017). Praat: doing phonetics by computer [Computer program]. Version
6.0.28, retrieved from http://www.praat.org/. /'[2] Cruttenden, Alan (1997). Intonation. Second edition. Cambridge:
Cambridge University Press./[3] Igarashi, Y. (2014). ‘Typology of intonational phrasing in Japanese dialects’, In:
Sun-Ah Jun (ed.) Prosodic Typology II, pp. 464-492. New York: Oxford University Press.[4] Kubozono, H. (1988).
The Organization of Japanese Prosody, Ph.D. dissertation, Edinburgh University. /[5] T+ &/ (2010). TG
(ZBIT DG PIEEI TR EDO R D ITM SN D D0 Tl S LRSS O%E) [5H 24 H A AE
PP ARERE TRED: 185-190.16] EAF=ERE(1997).1 B AGE S A OB LA 722 500 & & M2 0 A8 |
KRR, et — ERER-MRER BRGS0 THAEES 1 507 78 e A&
Fx—va vl pp. 21-61, FU: =% 7] BRSLER (2006). [FRARHME O M%), L EERE) [HE
HLEEFRSHEERLE—T 72 b A bx—ar - UXAORZE] | pp. 50-64, A : HL3E. ERHER
(1989). [FRFEDOEF L BT T HEE — AAGEA v bx—a Vi) [HIRB BN CE] GO - )
FOMERERY) |, pp. 116-127./ [BIZHEETF(2001).  [SCEL AAGEDOT 72 PEBXOS v hxr—va v
— R L RIROYE ) BESGENTER (W) [3OEEEFD  pp. 197-210. HU5L : < A L. /(918111
DHEQ1997). T7 278 heA v bR—ar—T 7%y hORWHIE KEERTE), L — BEHE
15 MRS HEH — (R THAEEF 1 350778 b e A bx—Yar ], pp.97-122. HT
=R NOSHFET (2016). [ZAIT 722 FHEDA v br—va v BAEHEW YR (W) [BUCER
FmOBE - ARG RS OB L RA] | pp. 100-103. HUAT: BHfAHE
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WS1-3 J—2<3v 7 (1)

BEQI—/\RERAWN-TOVTF L

bR B4 (R RFAMEGE )
mafuyu@sophia.ac.ijp

1. [FL®IC

AFEROFBIT(D)HFERFER A, Q) HARERGENS, TLTOHAFELZH —FiHLT
LHYFEFEE, oT7n T 4R TH S, FFXQ)EARICLL S DL, BARMIZ()E
22—y b, QERX—ATALELTHEZTE»RIZZRLRW. ETey =7 NOH
B A ERICHER LA 72012, FRC(), @QIE2OWNWTa— A2z VW FTH~NESBATH 5.
HAGEAERE « BUEE T — & ~X— 2 L L C(1)IZ Hoosier Mental Lexicon (HML), (2)IZ H AGEDFE
M (Psylex), HARFEEE 2 — /)& & L C(1)IZ Buckeye Corpus, (2)IZ Corpus of Spoken
Japanese (CSI) & H W= E D7 W1 v &M+ 5.

2. BIEHE -HEET —I~N—XDFHA
BEHEOEHSCHRIZONWTEET L2HEZHWTEREZ T LIHEA, EBROBERELERIE
UM ONTUE R D RO EEREEERI AT\, BlzE, HiET7 7ty F O L A)8E
DYy FOEbLY 2R LT HEREMEDICIE, 772 NOREREAGT 78O
HEERZME T2 2 L1025, ZOK, ZOOHRGEROBE KT —EOEEFRHIIZINE 5
EOCHIADZENEE LW, EHLONOHEBERIZR LADRVEENREENTND &
FERICANA T ABRASTLEI RN H D, F£72, K HFEDOUF(neighborhood) D% £ 04H
FEONRT o ABBRETLZENREE LY. LIFTIE, 26 ORHICHEZRIGE L A AKGE
DHFEBEET — 2 X— 2% W#BlT 5.
2.1. Hoosier Mental Lexicon (HML)

HML (Nusbaum, et al. 1984)iXA1 > 7 ¢ 7 F KRFLEFEIIT B WO CTRI% S vz BGEBLE E
T —H _X— AT 5. Webster Pocket Dictionary (1964)D H.H LEER 2 THEHE IZSWT, &
FENTEREORETHEEATE LT — 20, BEEOHEFTLSE L HIZIEkIn T 5.

£ 1. HML FRIRT—2 DS 27 )L

IE#FE HHRREC BAE B N B RERE Wi ]
a X 23237 7.00000 f =nr
aback x-b'@k 2 5.08333 c a
abacus '@<bx-kxs 0 5.16667 c n

CORBFIZESTERENIEET IR ENIE T 0 Y 2 2k DRSS EE OB D R B AREOE S
EXE] O—MTH D, £, HIGE-REEERT), KINEFROHESERT) & DIL[FE
WHEDRRZ E . BRALITEHR 5.
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2.2. Psylex
H AEE O RS RFIE (R EF

FER T HHEBIZOWT, HML & [RED 7 BEfE R EE A2 VW C,

%J%%iwnni;:7~Vayﬂ#%%ﬁ AT
PR SN HEEBEEZ L& LeT

BT

— A X=X ThDbH. FHYMREGEFEMF AR O R H L

HEEIETTRIEKRTIZONT

DB & FRFFLELZIER L TV D, s, FRFREKN 14 F507 — 212817 5 HEE
OB, HEEOMEMEIZOWTOREEM, 3 HiEOHHM b OFE7oiEt 9 Bl k ST — X
SEAREDPOHENTZ. IDFBICL > T13,7 BNOEREEN L=V 7 VIELL FO&E
nThsb.
& 2. Psylex fTRT—2D YT )L

D | K B | T77vN | m—F | BHE | AVEEE | ABEE | VEEE
434930 | NV | B 2 0 | ha.shi 2440 5.125 5.906 5.156
434940 | NV | ¥ 2 1 | ha.shi 21 2.219 5.500 2.938
434950 | NV | E 2 1 | ha.shi 277 5.625 5.500 5.250
434960 | NV | A 2 2 | ha.shi 3975 6.250 5.906 6.062

3. BAXKIZO—/1\RADFH

3.1. Buckeye 1—/\X

Buckeye = — /N R ITKEA/NA AN KFD Mark Pitt H& U —H— LT 5F—AICE -
TERESNIZARETE T — A ThH D, d A M L SALEEDRA B & 40 4 % 3t 4
ELTeA 2 a—IE T, BELZ 30 BB OREFEPINFKIINLTND,
LEoTTINfTREZ RO, n”ﬁ’i’x T
Buckeye = — /XA XK GEE OFE D EMEOE v >3 UIT

THERR

RO T7 A+ NVFIZEE Y a VBAINHLILTWND
ZiityaridmaThy, #lxiEs0101a
ERTHDL. KT+

VEE,

e OVEFANTY 7 N =7 Praat OT /T — 3 3 U (sXXYYZ.TextGrid) & & AT\ 5.

AR AL

5. ZZTXXI
IEEEE &S 01,
BT 7 A (sXXYYZ.wav),

BET—HX, F
FEEEIMEIE LT,
I HNTED,

SXXYYZ &)
AR, YY Ik Y g

v g 0ladnd

X LT F R F(XXYYZ.txt),

Praat DY 7 RF 4 X —Twav 7 7 A /L & TextGrid 7 7 A VZHL &K1 D X 5 7l

HERRERD.
YN} t’ldh

?@'A *EE.

FERLTHY,

1 & Lo %L
HEEE,
Tﬂit%%ﬁ%vfwéba HEARMICHEHEEDZARLEDEETHY,
ﬁi:m/#ﬁéhfwé.ikﬂl®
E, W oD F TRHNHILTWS. 53HiEE 1L DARPA phonetic alphabet
IPA 72 EDFReEE T + 2 & DT 72200,
YR EO—EIIMET A= a7 MRS N TN D

oy

TEKE, 2&BIZA vl TL8, FOFOTHAL
o Ay MEAIEIZIEA TV D
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AR IC

FEERIC B D XL 912 T<HES>itation=7= H ] 72
\CHEHL L 7295
ERHENTWB 7, iih, X




000 7. TextGrid s0101a

File ‘ Edit ‘ Query| View‘ Select ‘ Interval | Boundary‘ Tier ‘ Spec(rum‘ Pitch ‘ Intensity ‘ Forman(‘ Pulses ‘ Help

<SIL>;

62.311060

0.08194

-9.669-109)

-0.08456|

I”W,;‘V'M\‘l '1'1;“ | i
10 L
immwmwh!m

180 Hz

150 Hz
o]
. . . PP . . s0101a
= 1|<HES-I>; i guess; i’'m; a; um; (59/1217)
b
s0101a
2 ay ay g eh s ah m ey ah m (3389)
]
_ s0101a
3 <VOICE=creaky> (20)
1
1.140458
61.170601 |61.170601 Visible part 1.142077 seconds 62.312678| 560.795365 |
Total duration 623.108043 seconds |
(i) (Cin ] (out ) (Cset ] ((bak] - O erow

1: Buckeye O1—/XRX% Praat TRAL\=&ZA

Z 2 Tl%, Buckeye = —/NAZIIT D BB E (alveolar flap) D AE LT DUV T OFA 2 437
DEMEFE UCORT . WEMEITICKORGEICIBWT, W, /[dIBRBO & 5 R L IROREE
WZERENT-RRCAR T D, Hl 21X, better, rider O X 5IZFERTE Z 57217 T <, get up,
need it O X D ICHEERI CTHE Z 5. Praat ® TextGrid TF —Z BN EEEINTWA =0, g
M HL72 Praat A7 U 7 ML o THIZIRUL T DO L 2 72T — X 55 LN TEX 5.

% 3. Buckeye A—/RRIZEIFTHBREDHUTIL

HiGHE TR G Rt IF ) (1)
thirty; dx 0.020144999999999413
created; dx 0.026443999999997914

EEEGUNREIN—T T, S, RET L2504 R 7 V—7DHAEKAN
PREFEEOWBEL LR T 2 2 LT, REEFEICE T 2T RN B OEE 2R L
2L T0ns. ZOE, a—RAORRBIEBROR—ATA L E2HEZ TN LEVWIE
WRCHiO CTHETH D, b5 EEREFT (lab speech) TIX 72\, AR EFHEOFTHFT —
ZERBL, FEOFFHRICOWTREZ EOHBENSESL Z LT, LY RENREMNT
AN % D T2 HEEEREIC DUV T O FEGHFE H EROM T R E 7 1 TE 5.
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32, HAREHFELILIET—1R

H ARGEGES LS % 22— X (Corpus of Spoken Japanese: CSHIX, [EZ[EGFENFZEAT, 1F B
K, B T¥ERTZD 3 ENLETHIE L, KEBERARGFOT —% LM T T —
varEfEoa— 2 ThD. Buckeye T— /XA D L, JEHE - HEEE W, T - SRfR
B ENEFICHEINTWS., 22 TiHALE - KiL@o14)izBW T~ 72, RF DRk
RERC B 2 %kt - DA FEOFEE —fFl & L TR T 5.

FEEORENAF FH ORI CIIES 7 HFORTL Y HK 50% bR ARV LT &<
Mo TWd. L, AFFEORITRENES RDDIL, HENICATHERZRFE L
PEATHY, HREORKGFEICBWTHERIZETIERWCILTY, B2 &5 22 ema A
HEL22E 5 D IElEICET 5. £ T HARAILNILOHEET — % ~— Z(Amano et al., 2008)
ERARDE, BigTEOAFMEICLIBERE~OEENR LN, 2FV, RENICER
7 aw ANRHNEO BARGERFEICB W CIEND. EZABKAICRD L, HETEO
BRI ED, AREOESIIFEALEERNLRWVEAELEZ W L CSI OO LA->
7=. Z ZTo CSI OF| L, Buckeye T —/ R R DA L HEARICITE D LT, a—2K
HDT )T —aryDEERNTNS. Praat ® TextGrid 1245 227 U 7 b &2 iz,
RO GEHIEIZOWTORHRIEHRLZDEILD T NV EMN T2 Z LIRS TH S.

4. FEHERE

AREETIIFIZ 4 DOTFT —FZ_X—2 « a—_X2Z2%F\, TN ETTICARER L OHEEE
DT YT 4 GHTCENLDE RO H L HIZ oW Tz, 23 51308 O EHER1E3E
2N, A7 VFINEECLD2T0 I3 I 072500, —RICITBEEPEGLELIOND
BBV Sk, BRAULEDPEEE TTHAHFRBEL TVEENEEZI TS,

& XXk

REFREHE - TAEAA (1999) INTT 77— % _—2 > U — X A ARGEOFERRE] BT 0 =45

Amano, S., K. Tadahisa, and K. Kato (2008) "Development of NTT Infant Speech Database,"
Technical report of IEICE, 108(59), 29-34.

Boersma, P. and D. Weenink (2017) Praat: doing phonetics by computer [Computer program].
Version 6.0.29, retrieved 24 May 2017 from http://www.praat.org/

JEIFEA - RILEE T (2014) [T EICK D REROZ - SR - lAD RAGEa—/" 2
ST & RN DR T — 2 | JELS 31, 44-48.

[ENZEREMZEAT (2006) [ HAGERG L S 3 22— A ] [pj.ninjal.ac.jp/corpus_center/csj/]

Nusbaum, H. C., D. B. Pisoni, and C. K. Davis (1984) "Sizing up the Hoosier Mental Lexicon,"
Research on Speech Perception Progress Report 10, 357-375. Bloomington: Indiana University

Pitt, M. A., L. Dilley, K. Johnson, S. Kiesling, W. Raymond, E. Hume, and E. Fosler-Lussier (2007)
"Buckeye Corpus of Conversational Speech (2nd release)," [www.buckeyecorpus.osu.edu]

Columbus, OH: Department of Psychology, Ohio State University (Distributor)
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J— 397 (2) BREHA

EEHEZEET ANDORBEEFEEX
I ENON PN

yamanen@hiroshima-u.ac.jp

2017 4E 5 A, AAEFEFRTIIFEBEEEBEICED D RGBS A B EBOY [EFIC
BT 28 B OBIEL KFEOHBMBAIFRIGONLARMELTH L] 2RELTWD,
BIEDOFKBE OB TIE, TP, @EFROFEFERBITS & L0 NP DI EEE
i 2018 FENOLHEFHMLIND Z EIZRY, BEOEFEFICEL T, A% ETETHHIO
R L REN RSN 2T IR 6 R0nE VNI REICH B,

STEREFVREMDOVASRM L o256, BIELFAIL, IPAREF - BREICET
HEFHEE L ST, KRR Z FHIZ2OT TW D, HJik - BE ) - fBEhna]dlb
DTHDHZ LT SIZRII b L, BN TERTEZBE LER. BEARTE
S L, #HEICNL S T2REIE, ATHE S 2 0WEAZ BORNS, &9 HEEHVEZ S 7T
HENEHIZOTIELI N HIERERZET L2 LbE2 b5,

RT—rvay7Tix, ETERLIAEMHBELHEOTIC, RN FRICHETHEX
LIGEE R OREEY, BE, FE, TR YT 4oL TR S,

BPALEEAT L, —RCKREAR 13 R OFREIEZ RN T 5, 5 B O KB L2BIYeA 2372 VB
ARKNZESTBREERZDDIIRERZEEEE I DG LW, 2B OHEIEZ R
FZT DD, AREOEEZRM LI —BREEHR LT, Fhdwzx HARGEIZKROE e/
Ll b /n DEVS, HAENGEFE ICHIRADOH DB COBRGNERT L, FHE
MEZRLTVEIC B HFEZRICOEDL Z EHIBEIN TN D,

ZAEANL, HFEHBICRO SN D FHEOHEMR & REHIEICOWTERNT 5, FARHE
AL, ZERFESH#YE. BLOEEEMPERORFICB W TR EREOREFR O FEEK
DD, FEERFOAMEEHR SN, ARNEZEOF 15, BAGEICKIOEN 1) [1] & [1
DA 2) [wol [ji] DX 57 Tz & + mEE] OBk 3) wEE (0] [s] U] OXBI% R
D L SRR EEEREE R T, BEICENLST 7Y O LFERT TV D,

T A= B E ARIT, e YT — 2B EIE LD OMBEREE INTT v T
ERRNT Do T 4 — < VlERIL A ARTO 20 FORGEEE ORI D | FEFOREIEEIC
FIRITEN 2 LD AN CTWD, A > hF—3 3 | Touchinami, 7 4 — 7 AGECHRER U X AT
Rhythmic Fight Cub, 7R#% 8 - MEiR2A% 1112 Syllable Butterfly &\ 5 fill i Fg & ik & R 9, /%
A8y NAXT 4 —OFERE | KB, R HTCHE T TR T,

WO FETHRLS INULIEFEFFEEO I T V), BROF-HICHIREELE
Bl CWe2 & HEiogEl, Bims REONT R REEEFIEGIEMEO TR L
IZHOWT, BERZENCTENIEIAETH D,
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—ARKEEL 13 B ENDIEEEL: How to teach all 13 vowels of General
American English to Japanese people
Bt B (LR RS

anogita@kokushikan.ac.jp

1. [FL®HIC
—MRIZ, BARGEICIEREED 5 L7, KEFE (LU, 25658) IZIXZ2 oLl Ed 50
O, FEEORFIFH L E W) THEH) b, LPLENEKRERBRMHETHD, ok
CEBRPECLoTEEBRTHDL LI, BEROBL, BHAFTRETHIHLTHEDD
MOTHD, TZ T, ARMTIEUTD 2 RIZT7+— N AEZ KT o,
® UGEOREIX. WLTHAFEDOT ., 4. UV, =, TOXIRENEEEEN 130D 50
FTIE R, B E THEEERRMO N FITR D,
® HAFEOHFEFRDOILIIZEHINIZERT, FHEORETORKGEZEIEST S,

2. REOBEOEFRMRHICET S ER

SEREEEF 1. HEOREEY TEX ) & [THEBHMN ko THES T A, Zok
FRETREROL D REEN, HAOEFEHE TIELALIEA SN TOARVOIIES
b, FTHFEORE 21T intrinsic duration 73& Y | Hillenbrand et al. (2000)(Z L AviX, %
REE O RHGERERIE, K 1ICRENTVEEBVENLDEENLEDORH 5.

® = Hillenbrand et al. (/hVd/)

| |®=Black (#Vp/)

300 A = van Santen (connected speech)

* = Crystal & House (connected speech)

:" 3 ~ m N
a8 & 3
T T T

Average Vowel Duration (ms)
-
wn
S
5

125 1 \

g

'
~
w

T

1. XREEOBEOFHEHERM  (Hilenbrand at al., 2000, 3014)

Kz RiZbnd &b, HlxiXla]l (hot ORE) TEWEEE T, [A] (hut ORE) 138
R} Cd 5, Hillenbrand at al. (2000)iZ KAV, [aA]Z A TEICE L Lc b O % S35 RGEERGE S
WZHEED L [AEEEREZONDAEMAH Y, HiZ[a]Z < LIzb DIL[a] & FRE S 1
LIRS DEND, 2FV, REDPFFORJNCEE2KEZREZLTWDLIOTHD,
I, BAREOT, A, U, =, IPXUFEYVEFETTHLIOLE ST, HETHD
D5 THEFE] LEDLN TV HODL L, EBRICITI_HBER N> TS, £< 0l
KD J5E T M Z1E bid, bed, bad, bud, good 1% L4 [brad], [bead], [baad], [baad], [guad] @

— 247 —



Loz, ZHEWIZHE IS (Andersen, 1972),

IS &S E % 72 T Nogita and Lin (2016)(2 L AUE, BARGED 1 #1002 MO HEF
R e & 7 X e EE R m£% MNTH BV, REEOEDORFIZH I A 20 W) HRE
FEER A ToT- L = A, AAREOREZMLEDETWTIE., HEOS 13 BEICHEY 25
EEDZ LM TED L Nbhots (BikoFE 1 BH), 20 AAACE > THFEORT

ORFERET LT HZEE, LTEH LW ETEHRNOTHD, (7272 L native-like 72
FEEITHLV,) F5D L TH % LEW, BEFICBECHN T 2R 7 2 — (FHRMIC
IESHE U EITRS AR WEETH 2 Lid, FEEOAME RS BT 5,

3. REENDBE-ERZTIEETD

AARGEDFE T SRR, B LT EROKICII ST SEN DI, ZL OALKEFED ;S

Tl 13 fE T Y (Labov, Ash, & Boberg, 2006), Z Z CHZNa M T 25, 22T, FFED

HO TRER EWOMEEHMGTDLEND D, Pl AARGE TR, REEEE . HREES
FrboT, FEHOMPEB TL+EREZFN, XFLERFICEDERREZRA D, £L T
KRHEICE AE, ARGBEEIETEROE LMEDRVO T, A HEROESZARATLE
ZIX, Hi X2 TOHARFEOHELRETELDITTHDH, HELREKT, BEICEAL
TEAE, R1RLTHD BEORE LMEDR,

LIZAT, BEABOBEFORAERLT D2DIZIE, 0Lk, WEZHF, v—~vF,
FHilrH, WSONOERLFTIEND D, FKIZ, HEORFT2RLT L2 HEVEED S,
£ PRI HR E TR A ORFE LT, MIZIiT, BANTITH XV BIRZD 20 )
B LivZen oy, HEERE Tl D phonetic spelling (FiAi@ ) O>30) RNdHbH, ZhZh
RKEL T T2HEDH Y . 21X Germany % jur-muh-nee (c.f., Scholastic Pocket Dictionary)
DX B EZEDL TR T2 b D & 21X plane & plan % %1 E 4L plan, plan (c.f,
The American Heritage Dictionary)®D & 5 IZHiBIFE B &> TRALT L ORH D, ZOHS

122 < @ H A AIZ phonetic spelling 21> TIE LV, # 1 TlX, M1 E#HE 1 CFIEST
% 1= O ABhFE 5 % {5 7= phonetic spelling Z#E:H L. ZAUCKHIGT 5 ¥ —=7 A EFIFEHR D
FET T, & BITHTIR D Nogita and Lin (2016) D F1H FERIC X % HAFEO X GT 55 2 27,

R 1 AXREEF1BEBE-EX

Long/Alphabet vowels
Phonetic spelling * a g 1 ) 00
s 55 E S [e1] [i:, i] [a1] [ov] [u:, u]
KT % HAGER © xA A — 7A i v —
HiEE mate mete site note root

Short/Relative vowels

Phonetic spelling a ¢ i 0 u
I D FEF RS ] [€] [1] [a:] [A]
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IG5 HAEE =7 SE - 7— 7

BRI mat met sit not cut
Vowel digraphs
Phonetic spelling oi ou 00
K D E LT [o1] [av] [v]
KIET D HARGES FA 7 A v
AR coin loud book

* The American Heritage Dictionary D ¥ 5%, °V— =7 ZEMEMOIFEEL S, © Nogita and
Lin (2016) DM FEBRIC L 5 B AGEDO RIS 5 REE,

INGORFEEZETREA, FHERELRKICE AT, Him LITETOREFELRET
TELODLITHD, L, BABOLFERERADDIITTN Y OFH & 5] 2 %
THEOIE, EFEOFTO-HERERADDICHRIFEORR LT NPLETH D,

4. 3 FEFEODHE (Long/Alphabet Vowels, Short/Relative Vowels, Vowel
Digraphs)

FEEDOT NV T 7 Xy MIAPL ZET26 XFHDHH, FEFITAELO,UDSLFT
b5, TLTSIXFENENIZ2BY OFtAS, FH10BY OFHHTRHLH, ZHUEH X9
EHAFEOETIC, HFind LlFtsAo 280 OFAHFnb 50 TWD, DE0, 13 [
HFOHI>HD 10X A E, 1,0, U DXFETHERED, 750 D 3 DI, 2T FHFO SH R
CH%: 2 X7 T 1 Ha2£T [ ZEHF(digraph)] 35 D5, ZHORER, OI, OU, 00 THT,
4.1. Long &t#+/Alphabet &t

A E,LO, UMD 2@V OFHFDH> HD 1 2HIE, Long @t (c.f., Labov et al., 2006) & 7>
Alphabet it 7 (c.f, Gilbert, 2012) & FEE41 5, Long/Alphabet Hii/xiX. A,E, O, U %7 /L7
7y MAT, DEVIHEICZA, A —, TA, U, a—LitleairiThHd Bl mate,
mete, site, note, cute) , Long/Alphabet 5t/ ® A, E, 1,0, U X, 3,8, 1,0,0 & ~7 1 &7 T
RLEINDHZ DY, AMTOLINEZEMAT D, 2L, 0 Fax—(ju)edir, Y OF
ENA-TWD, £ZC, AfTIEaDFRFLILEET, The American Heritage Dictionary [Z i
ST, BE7—(w)ET%2FT 0o (food =° zoo DEFE) OEILEZHMT 5,

4.2. Short Ht#&/Relative 5t &

A,E, 1,0, UDH 5 —DDFHiA 1L, Short Gt/ (c.f.,, Labov et al., 2006) & 7> Relative &t/
(c.f, Gilbert, 2012) & PRI D, HARTIZ 17 4=y 7 ZAFid] LFES AN B U5, Short/Relative
B, TN T Ry ML IR HIRGA T E L, K 1 ITEWCED, 2R

BEOTY, =— T, T—, T T 5D (Bl mat, met, sit, not, cut), Short/Relative

FBThHINEEMAT 5,
EZAT, 4,6,0D32F, HADFEFEHE CTIL., LIZLIEETHAEDOTIZHINT S &
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BZON T REFRELMENTZD T8, 2T E ATHRVEMTH 5, Ak ® Nogita
and Lin Q016) DR EBR TR INDH LBV, 4,6, 1 FENENHAEEOZT, 7—, T &
WO 3ODFERIT TV Ik T D, K2tk E LD,

5\\\ i — 7
6:;77' 5 ——> 7 —

i i—7
2: WH 7 REBEDRED X

4.3. Vowel Digraphs (ZEF)

0 D321k, LIELIE o, ou, 00 (XU oy, ow, 00) THE XL, NEIZ coin, out, good DEEF
T& % (c.f, The American Heritage Dictionary), oo (2B L CTi%. oo & KRIT 5720, AT
IZ The American Heritage Dictionary (Z{if\ >, FIEICT YV —7, BEFIC~I/ 22005,

Nogita and Lin (2016)D %15 B Tlt. oo 1 HAZES 712k L7223, FEBEIT oo & oo IE
FEAR DR 0ED 120, BRICIE, THZHD D 00 IZH L, oo lEHEY AZADARNT
Xt Too lEAZAL LTT ) &0 ) HIRHRNEZR, S RFFINREESLETDH 5,

5. Bkl

REBIZ, BEETINAOORENREBEETEOLIIHEDLNTVWAENE R TV, HEE
DHARFEOFEEIZAS T, DX B FTHREITRD T EFEATEN, W2 HARGEOBGENIGE
DAL EEIRDNE, HEVEAZBORTWARY, £TZTI 2T, BAGEEROIEH
FEDOBA ST E R THhD, ™ 7 FERHOSPIE. KFEITMEEZ R,

ke — yo — to(dd) FLHD to —ké—0/tok—yo HLAL hon —du  AH

toy —yo — ti(di) k= X né —son HJPE to —she —bu  BZ
so—ke HAH kii — rd — t&(de) 25 F mé — s - soop MMV
ké-re—o0-ké W74 s00 — she F575 ) s00 — né — mé R
S E XAk

Andersen, H. (1972). Diphthongization. Language, 11-50.

Gilbert, J. B. (2012). Clear Speech Teacher's Resource and Assessment Book: Pronunciation and
Listening Comprehension in North American English. Cambridge University Press.

Hillenbrand, J. M., Clark, M. J., & Houde, R. A. (2000). Some effects of duration on vowel
recognition. The Journal of the Acoustical Society of America, 108(6), 3013-3022.

Labov, W., Ash, S. & Boberg, C. (2006). The Atlas of North American English. Berlin: Mouton de
Gruyter.

Nogita, A. & Lin, H. (2016, May). Establishing Counterparts of Japanese and English Vowels.

presented at SFU Pronunciation Mini-Conference at Simon Fraser University, BC.
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FEHEITKROONDIFEDHBLERFE!
FR B (AL EEERE KT

kuwamoto@kankyo-u.ac.jp

1. [FLC&HIZ

ARFERIL, FAR (2017) ONFICESE, FICFEOREELZEET LD THDL. TR
(2017) TIFHFED 24 T H %, WFEDHEME LT WIHIZ 3HIC ML, IHZBE-> THD
Lo LT, RERIZZDORPORHIHEKRY, FLEEENEWV E B 28I
DWTIHHEY, BLET 5.

2. &K (2017) IZ&K HEZBFEDHTE
AR (2017) TlX, HFEDO 24 FHEZLLT O 3 BT HE LT,
() 1) BAEOFELIZFEALFRLE (6 1)
[p] [b] [K] [g] [4] [d3]
2) BARGELED LEYSLAOHLE 9 F5H)
[m] [n] [j] [w] [s] [z] [t] [d] [h]
3) BHAGEIZ/ZRWE (9 7715)
[£] [v] [6] [6] [J [3] [1] [4] [n] A (2017: 411)

FEOREEEI D O 6 FHENDITIN, Ip] FEFEEMHET THD) Lnolok )
RREEFFNRSE KT R KBET D, ZNbD 6 FEIE, WhWLEFERAD (£ L
THARGBIIIFAELRY) BETERNEN S ZLiZonT, BARFOLHERD [~17)
DHEFHFLFLTHD I L aRBMSED”.

(2) [p] == (4T OFEFF [b] - [N4F] OFE T
k] - [H1T) DTS [g] - (77171 O E
[f] - (%47 OHETE [dg] = (Y% AT) OEHTFH

() O&ET, 2) & 3) IZHDHFHFICHONVTIE, TNENERIECTRRILETHD. K
NG EE K(mn) E N HlcHK S X, 3OOHEBE AT IS, SRR E OHEFF
EIZOWTELRS

3. EEHI
31ma[uwzﬂ
WIFETICIE, JEGERA O (L BEELT (] & 1] ORBPREFHTH D

RIERONFIL, FRL 29 FEHERTPIREH#E (201748 H 4 A, AN EREREKRT
(A ¢H2mﬂ)ki0%;&%(@&dL@ 31 M TEmFHIFR (AR 2012),
[ntensive English] AN SRERERT) BT L2FEKESEX LD THS.
2wb@5rﬁ&ﬁ%u&Jﬁ%u%a®m%f%é&§bﬂéﬁ,U@%%K@ofﬁ
(2T F @] DIELWE WS ZEZEHT L. 2D LITk-T, & 2T 3) OFF
EDXNMNEPREICERSELZ N TED.
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DOTHEEICH Y RETHDLREEFAT S, £72, ] FFAICT <> TELD, BARHE
DIITEEZr—vFTECLE, AL <> ZHVWDLZ EICEEINT, RA—EFTho L
WO DR VWE D ICFEESELIRETHDH. F2, HREOFITHEDOTE [1] 7,
FEEO 1] &b [1] EBBRAEDZFETHLI L, HEEZIILD, Z<OFHET, HEFIC 1%
DEL r ROFEORBNRH D DI, HARGEX r RO LNROVEDN, FEERFRFIZEBIT S
M & [ OXBIOFEHEHENI T TCNDLI L2l 2R L THRETLINETHD.

] iZoWTiE, 472K (M1), AESREOEER (B2) 7212 X0 EHOAE A s
L7ct%, lily love 72 &, [1] % (FEITFEEHIZ) bOHELHRET LB 2 ¢ 5. £/, dark
1] ICELTYH, TOEDMNBEDOENR, [{] DEEFICITWEOAZ ST &, [1] 1Tk T
APENISS DD TY 7 VT 4 BNEL D EWCERTLZ E2KEE & bizsL (1¥3),
FERIZ 1] 2 b2 beautiful, full 7¢ & ODHGEZIE L CHERIES.

[1]
. [1]

&1 X2 X 3
[1] IZ2WTIE, LT XD LRI L > T2 ATV 5.

B ZUVnvrne] TSEHIENESHZZ2-7-< 0%, BHEKE -ELnEoicL
TIZUnbnm] EEBILELTATLEZN, MELF LRV, ZHNPNHOD
MEI XOBRABHFEREAICRDLIEBNVETN, Z0L X ITIFIFEED
[rarirurero]’ (ZIFWVERHE TV AIETTT (A 2017:741),

@) BAGETIZYUrra] L3528, HFOXBROOHO EE SRR 2-xFd, =
D Metex] Z<LT v T oAUy d] OLITRODLNPREIZTD
L. ENREED 1] T, “Laura” SA0E (1] b [r] HTTL 20 TERWEHE
(2720 FF (THHth 2015:49),

XU, (1] & [1] OFR/AFNLOM (5), [1I] & [1] ZWGFETE (6) 20 < DNHEET HIH

BT,

(5) light — right (6) rule
glass — grass really
low — row Australia
lock —rock  ZA& (2017:75) vocabulary A (2017:76)

AR (2017), AL (2015) TIE, WEED O] 1 1] ERLTIHILITHE LTS,
Y3 AR
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32 b-YE + EBF 0OEH

AIEO®mEE [1] &PV E [, BEOENE [u] &7V E [w] OEEMEEZ, (7) @
KO RBIEN OGS, 22T [ji] [wu] OESENREETH S 2 L E2BHAT 5. [1)/[1]
DREFNCEEARD & B2, RERICITEENICRER SRR ST TH D 2 L 2T 5.

7 T, B, v, H, | iadaia.. o [0, R, e 1 jajaja...
(5, &, 9, &, | vauvaua... — [, b, - ] wa.wa.wa...
ZOHEBIZOWTE, BREFITUTOLIICHHALTND.
(8) [wu] & L TiE. woman [womon] [ %21 ] wood [wod] [TARKF | [ji] & L T year [jior]
HE] R T8, Wb KENICIZ D TcEMD E, [T—~ ] [
R —] DL, BETHE- - TWVELICHET SN, ZLTEMME
CSEREEEEE [wu] I, - (7 (=) Lo TLFEVET, ZhEFSTEDIT,
(DA BB ATHATHEIICTDHE, 22 ZRTHLDO?2] LWnWHET
TTN, +OARYOFIZHNEWVWZET, “woman [womoen]” [X [T —~2 ) L0
X ToFd~y) L2 0L BVDOHEN, AT 4T AL —H—|ZIF@BLDHD
T, [i] WL TR, e (A ZRDICHEETDH, LWIHIKL, & 2E /b
SV T 2 UDICETe>H D T, “year [jlor]” WX T4 A7 —1 OXHITHE
DOb D TRETIUEESITLL I N? (A 2017:57f)
3.3 WEE [6][s][] DRI

[s] 1%, 28D (1) OBETIE, 2) ARFEELDLESLEOHLE THD. 1) HAGE
DELIFEAERUEOFERIZREL 2L, [THAT) OEEFE) 2K T LIZRDNP,
AAGETIX [i] %k T 525G, OHLLT [6] (L) 120 T, OFLLRWY [si] O
FHEX, FFICEEFEICE > TUIMO THRETH S, FlIFBRAARGEIZBWNT, T2V
— X (series) | IZXf LT A4 V=X ETHRLTAREZIFEOFEPREZICHFEINLTY
RNZ EIE, MO [si] O EEZILHICHEICSE TV L —KTh D LR IND.

B, FEEOHBRERE S WERAIBIIZ <sh> &80, AARGEO L) Fr—v5 (~
RrR) T <shi> LD ENOLMEOEZR—HT MM, (D & bPFHEITIT)
Rz oid (FAR - 1 2017). A (2017:85) TiE, HFEEICET S [sysi], [Jfi] & H
AKEED [ei] (L) DXBNZHDWT, RO XD Rt ra KEME T2 2 L 2 REL TW5D.

(9) sea[si:]—she [[i:] — LV (KHE) [ei:]

Fio, HE [0] X 3) AAREICRWVWE THY, ZnaaiskiE (bW IidEIch ¥
BFIZE LT2§E) X T3> F=—] (<Thankyou.) > 7] (think) DX 91T, [s](F7=iE
[ei]) TRASND. FA (2017:83) Tidk, HFED [s] & [0] DE/NXILAME T D64 25
FTn5b.

(10) sing [sig] @ 5 J — thing [6in] [H D]
sum [sim] [&#f) —thumb [0Am] DTN
mouse [méos] (729 7] — mouth [mavd] 7]
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PLED (0] [s] U] [€] 22\ TIE, HEREZKIRT DI &3l 2R 207 5 Lo
HDTHHTHDL EEbND (K4).

B —1&

ZR (2017:84), ZFA - HRF (2017)

4. £&®H
PLE, A (2017) 12X 2D+ HOBEN2BEIREI OV TR AT,

ZA (2017) 1%, HEEOFEZHRHE A, HERNICE ST, AARGEL ORFEHO LD
TEICEHST 3 DML, ZOZTNTNICHOWTEZ B> TS5 Z & 28, BAGEN
LIFEDOFHREA~EROICBITTE D, HBOVIFIRGTEERZ LT VI L2 RLE. A
FETIE, HOEBRED, FEEERAEWE BN iEEEE LT, 3HEIZODWTHRR
LaBERE L.

EHREORICE, HELT, UTO3REERT LI ENFHCEEL EbRS.
i AARGEOERE ORI ZFHIZERIED.
i, FRIC ZAVE RO E ALK L CHIREICH & 00, & Lad 2 E#miciTb
5.
ili. EOEEEZ TXHETMEANT, TEIZITH.

S & XAk

SRR (2012) [REFEICERZ I\ 2 T956E LL ) OEE ) [P T3 m%E %
BRFgEACEE] 55 47 5, 99-105.

SR (2017) TBGETIR  AINVFRIERE BE O 7 &3] FKH - Bk H BT .

SR - PRILF (2017) THEEEREICR T DR E L REL D | ] PRk 29 FEH B RFFIR
EHGEEE N RT TN, 201798 A 4 H, AV SEERE K.

AT R - mAEFRTT « Alexander McAulay * A4 . (2015) [/NFEREFE D3 & i —iPad
T7Y THESSLDZNWIANVE | GikA—] Hat: Bt
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Haptic Techniques for Teaching English Prosody

Brian Teaman (Osaka Jogakuin University), Noriko Yamane (Hiroshima University)
teaman@wilmina.ac.jp, yamanen@hiroshima-u.ac.jp

1. Introduction

In this paper, we will focus on three prosodic variables of English: Intonation, stress and
syllables. English and Japanese differ in many interesting ways, and do not allow for a one to one
comparison of variables. For example, pitch in English is mostly a property of the intonational
phrase whereas in Japanese, it is a property of words as well as the intonational phrase. The
intonational phrase in English is linked to the sentence through the word that is in focus. Generally,
though not always, this focal stress tends to be on the final content word in a sentence. In English
there is word stress and sentence stress whereas in Japanese it is pitch accent (Beckman, 1986). In
English accent there are three variables (pitch, duration and loudness) whereas Japanese has one
chief variable--pitch. In English, duration is the primary marker of stress. Stressed syllables have a
longer duration, which gives English its characteristic rhythm (see Adam & Munro, 1978 and Tajima
et al., 1997). This variable, perhaps more than any other one variable contributes greatly to
intelligibility (Munro & Derwing, 1995 and Anderson-Hsieh et al., 1992). Finally, Japanese syllables
are mainly open as in V and CV, whereas English also has closed syllables CVC as well as
consonant clusters consisting of 2 to 4 consonants. Transferring Japanese syllable structure to
English greatly hinders intelligibility so getting syllables right or closer to English norms gives a
boost to intelligibility.

Because of these substantial differences between Japanese and English, we suggest a haptic
approach, which means using body movement and touch, as a promising way to teach and learn
these prosodic aspects of English. After a brief look at some anecdotal evidence and previous studies,

we will give a brief introduction to haptic techniques and then show the results of a pilot study.

2. Anecdotal evidence: One teacher’s experience

As a teacher of Japanese students for more than 20 years, I have observed that there is a barrier
between studying English as a primarily internal, silent and cognitive activity to one which engages
the entire body. Speaking is a physical act and involves the control of parts of the body much like a
sport or dance. One can study about how to play tennis, but not achieve any proficiency without
actually doing it and automatizing the many processes involved in playing a successful tennis match.
The first days of university classes show that most students are very uncomfortable with starting to
speak. It shows that they are getting very little practice with the physical part of English. In
workshops for high school students, it is hard to get students to go beyond just siting and listening to
the teacher. Haptic practice serves as a way to break out of the invisible shell that surrounds them
and begin moving and speaking. Anyone can tell by the way that students look around nervously
when you ask them to stand up, move their hands and arms, or even speak, that they are not used to

crossing this line in the classroom. However, once they stand up they will then be more willing to
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speak or perform haptic activities. This can be the first step to engaging the body and becoming a

successful English speaker.

3. Previous Studies: Haptic Stimuli

Body motion coordinated with the focus words and stressed syllables will help learners
enhance their acoustic prominence, and make their L2 English more intelligible. Students can start
by imitating simple beat gestures. McCafferty (2006) found that beat gestures such as a sharp
up-and-down movement of the hand improves L2 learners’ syllable parsing. It is argued this
metaphoric gesture helps L2 learners to gain control over syllable parsing, and the physicalized
sense of prosodic features of the L2 improves automaticity and fluency. Krahmer and Swerts (2007)
tested how acoustic prominence is perceived by observers when they see a speaker perform a manual
beat gesture on a word, and found that they are perceived as more prominent than when they do not
see the beat gesture. They also tested whether producing a manual beat gesture, a head nod and a
rapid eyebrow movement lead to changes in acoustic prominence in speech, and found a significant
effect with regard to duration (longer), energy (more intense) and peak F0O (higher).

Parrell, Goldstein and Byrd (2014) argue that the implementation of prosody is not
domain-specific but relies on general aspects of the motor system. In their study, participants were
instructed to tap their fingers and produce repetitive monosyllabic words simultaneously, and
enhance one of them while keeping the other action unchanged. In spite of the instruction, when the
finger tapping is enhanced, the oral articulator is enhanced, and vice versa. The results suggest

speech and manual motor systems tend to coordinate with each other spontaneously.

4. Implementation of Haptic Techniques - Pilot

In this presentation, haptic techniques (Acton, 2016) will be introduced that have been shown to be
helpful in the learning of these important prosodic features based on experience with learners from
many contexts around world and including high school and first year college students in Japan.
Haptic phonetics is a kinesthetic learning of sounds with the use of body movement and touch.
Haptic learning helps make prosodic features salient and learnable (Acton et al., 2013, Teaman &
Acton, 2013). Haptic movements perform two functions. One as a symbolic representation of an
important sound feature and the other is a way to connect the body and performance of language to
that symbolic representation. The following describes three haptic techniques used for intonation,
rhythm, and syllables.

The Haptic Intonational Touchinami: The Haptic Intonational Touchinami is a blend of
the words "touch" and the Japanese word for wave. It symbolically represents the shape of the
melody, like a wave, and the intonational focus of the sentence. The intonational contour is
represented by the basic shape of the contour of one hand moving across the visual field in a way
that roughly matches the pitch pattern of the sentence. On the center of the intonational phrase, the
wave hand strikes the other hand to symbolize the IP nucleus. (The application of this technique to

intonation in a narrative is discussed in Yamane & Teaman (2017)).
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The Haptic Rhythm Fight Club: In the haptic rhythm fight club, has the learner with
arms raised in something like a boxing stance, with fists clenched. As the learner speaks, one hand
thrusts forward on stressed syllables with either a long stroke forwards for main stresses or a short
stroke forward for secondarily stressed syllables. This activity helps learners to feel the rhythm of
English. It is especially effective in learning to engage the diaphragm and other core muscles used to
expel breath with force on stressed syllables. (The application of this technique to focus words is
discussed in Yamane & Teaman in prep, see Burri et al. 2016 for vocabulary learning.)

The Haptic Syllable Butterfly: The syllable butterfly helps students practice syllable
structures and stress. With one hand cupping the opposite elbow and the other hand placed on the
opposite shoulder, they tap harder on the shoulder (TAP) for the main stressed syllable and softer on
the elbow (tap) for non-main stressed syllables. So the word “economy” is said with a tap TAP tap
tap accompanying the 4 syllables of this word. This is an excellent teaching tool, so that when a
student makes a stress error, the teacher can tap out the rhythm in front of the student and they can
learn to correct the error themselves by applying the tapping pattern to their pronunciation. (The

application of this technique to English rhythm is discussed in Burri & Baker 2016.)

5. Acoustic Analysis and Auditory Judgements

This section shows our approach to assessment, with preliminary results from a pilot haptic study
that we conducted with university students (Yamane, Teaman & Acton, 2017). The average English
proficiency level was ‘pre-intermediate level’ to ‘intermediate level’ (embassyenglish.com). A
comparison group (n=10) received shadowing, while the experimental group (n=10) received haptic
treatment (Intonational Touchnami). Both treatments were less than 15 minutes. Their task was to
read an English passage in English textbook used in middle school (Kairyudo 2014). The target was
“Everyone in her class loved the colorful flowers” located in the last sentence of a short narrative
passage. The duration ratio of the stressed vowel “l[o]ved” in relation to “th[e]” (Ratio 1) and the
duration ratio of the stressed vowel “cl[a]ss” in relation to “th[e]” (Ratio 2) were measured.

Results of the dependent (paired) sample t-tests indicated that there were significant
differences in these ratios between pretest and posttest: [1] Audio group: (i) Ratio 1 between pretest
(M=1.73, SD=0.92) and posttest (M=3.67, SD=2.73) conditions; t(18)=2.13, p<.05., and in (ii) Ratio
2 between pretest (M=2.31, SD=1.46) and posttest (M=4.21, SD=2.71) conditions; t(18)=1.95, p<.05.
[2] Haptic group: (i) Ratio 1 between pretest (M=2.54, SD=1.59) and posttest (M=4.92, SD=2.01)
conditions; t(18)=2.93, p<.01, and in (ii) Ratio 2 between pretest (M=2.51, SD=1.33) and posttest
(M=4.91, SD=1.83) conditions; t(18)=3.37, p<.01. These results suggest that both kinds of practice
have a positive effect on students’ performance of making the contrast between stressed and
unstressed syllables. Thus, their M values in the posttest approached those of native speakers’ (n=10)
(M=5.79, SD=3.48 for Ratio 1, M=4.99, SD=1.83 for Ratio2). However, there was no significant
difference in the effects between the two groups: (i) Ratio 1; t(18)=0.39, p=0.35 (ii) Ratio 2;
t(18)=0.67, p=0.26. Furthermore, one native speaker’s blind auditory judgement (5 level likert-scale)
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revealed that both groups show some improvement, but the pretest vs. posttest differences were not

significant for the audio group (p=0.21) or the haptic group (p=0.14).

6. Conclusion and Further Direction

It can be seen that even though Japanese university students seem to readily learn to recognize and
predict focus (Yoshimura et al. 2015), their spoken control of prosodic variables in English needs to
be improved including stress, thythm and syllable structure. Haptic methods seem to offer a
powerful tool for raising awareness as well as improving performance of these variables.

Since pedagogical research for prosody is quite new, issues to tackle are many. The results
are promising but lead us consider that we need a more systematic and automated assessment, more
carefully-developed tokens, longer training, and more raters. Oral readings for pre and post tests are
commonly used, but the next question is whether the learners are able to apply this to other novel
sentences, especially in spontaneous speech.

Teacher education should also be enhanced. The amount of training teachers have received
in pronunciation pedagogy strongly affects their knowledge and their confidence in that area (Baker
2014). Baker also shows that one’s own experience of L2 learning influences their belief as well.
Thus in phonetics classes in Japanese universities, it is important for prospective teachers to learn to
self-monitor, self-analyze and self-evaluate their L2 speech performance, to experience different
teaching methods that they can readily adopt, and to grow their metalinguistic and metacognitive

ability, which helps them to further create their own methods and/or materials.

Selected References

Acton, W. (2016). HICPR: Haptic-integrated clinical pronunciation research and teaching.
Unpublished manuscript.

Baker, A. (2014). Exploring teachers' knowledge of second language pronunciation techniques:
Teacher cognitions, observed classroom practices, and student perceptions. Tesol Quarterly,
48(1), 136-163.

Beckman, M. (1986). Stress and non-stress accent. Dordrecht: Foris Publications.

Munro, M. J., & Derwing, T. M. (1995). Foreign accent, comprehensibility, and intelligibility in the
speech of second language learners. Language learning, 45(1), 73-97.

Tajima, K., Port, R., & Dalby, J. (1997). Effects of temporal correction on intelligibility of
foreign-accented English. Journal of Phonetics, 25(1), 1-24.

Teaman, B., & Acton, W. (2013). Haptic (movement and touch for better) pronunciation. In N.
Sonda & A. Krause (Eds.), JALT 2012 Conference Proceedings (pp. 402-409). Tokyo, Japan:
JALT.

Yamane, N., Teaman, B. & Acton, W. (2017, March) Teaching Focal Stress and Rhythm: Auditory vs.
Haptic Techniques. Poster presented at the annual International Convention and English

Language Expo, Seattle, WA.

— 258 —



SES Tl

The Phonetic Society of Japan

2017 4 (CFRk 29) 4RBE

#3310 eERE TRE

2017 PRk 29) B

AAREFTRE 31 MeERE THE
Proceedings of the 31st General Meeting of the PSJ

2017 (CFRk 29) 49 H 30 HPAT
e - AT . ARG FRS

&L 4R H




	PL1
	PL2
	A1
	A2
	A3
	A4
	A5
	A6
	B1
	B2
	B3
	B4
	B5
	B6
	C1
	C2
	C3
	C4
	C5
	C6
	D1
	D2
	D3
	D4
	D5
	D6
	P01
	P02
	P03
	P04
	P05
	P06
	P07
	P08
	P09
	P10
	P11
	P12
	P13
	P14
	WS1_00
	WS1_01
	WS1_02
	WS1_03
	WS2_00
	WS2_01
	WS2_02
	WS2_03


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e51fa529b6a5f306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




