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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.
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IXE DAL KOG WELEARHTH D, HAREITERFZE L2 K LTV 5 alRetkE s &
DBRHRNETH D, £ 2 TAFETIE, FHOIZ, AW ERICH 2REART S568 DI
FHEEEE (B - BEOWTRLED) OFFESIT L, ZTOMRECONTHET 5,

2. BHESH

RN 2006~7 FFEITNT TUEE L7285 &kt Haithiksksarl) GEL <I3m/E (2011)
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WTIIMHFERLHEICL Y HE L @EEHE VST TWD ESNDN, BEORA, Mk
IZEE SN2 2 SIEBEWT DN EEE R O h, ERICE B X b IEEER O H
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ZEH - AR (2011) 1, 2030 RO R S EEE 10 44108, HEE ORE, LW, i,
ZH, RO, 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.
BB, TSRO T REMICEEE TR EN TR F X E 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 OB FERICB W TER{b & %kt OF S HL O% 513 LL,
LH, HH O34 L0 EEAEAAEICE Z 01 < (82011), EROFECES{LA KRN

IR o= b s, TN HL ThoT- &L, FEITmETIIRS ST
MEATZZ LT D03, FSUTITNERREF DR RNEIZ DWW T DO F RN RWOT, & 18ILE
mEHTEOEL L THRALENIAATHS.
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E, TR EORERSEAkEE L, Fl—=a—35— b (cohort) [TV THES(LEERIZE
ER72NZ L 2B T AMENRS D, —RESOFE TR I 5 R E) bl 2 L%
HEET 5 BT OIERE] (apparent time) OHEEIEIL, R EZ RV EIXNEL
THTAT - T AT 47 (age-grading) & FF émj’wb)&%)@ TATTVvAT 4T
FREME R HESRT DML E R H D)5 TH H. el EOFRERE R 2 i L, EIicE/bn
A Hmiiﬁ#é@%ﬂ:, BAERBIUEZA Y - T AT 4 T LfRIRTE 5.
AREOAMIT - 2®H 5. —2IF, IRFESOELH BV CEFLERRNHATSICH
RTENT LR, W EE ?%qu\m\ WZERKT D00, HHWVITESLTWDEN
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, FBt v/, %l OREE A JEMREE /al E 23 e/, A RS A/ E T3 T S
Bt FE DBHHEE OBEIE, BREEDIREE OL TIREF TRV, RO
R B WERIREOEEZ X I — L LTAN, BHT765E% 7 U4 Al i«tﬁm)XF
AL, HEEY A RO EEHZIE [1 22K E)- T, H@OME T, Hin TEECH

LWANMNIZEET X2 ICHARIZHAT ISV WO HERIDBH Y, FAEOAREZHIHTDH
A L7z,

FET 7By NI [RRFRT 7 ' ML (PH=2EdiR 2002, fhEktiR) 2S8R L
=08, [&ET 72y b)) CEILBESMR 1960, Hai) 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)  (KBUEZ) |<BUBUE)  EUKOGRR) [<&YEK) <FYE)

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

g WPV TR OLEER)  |LAT(EE)  LobAER) (LEDWE)  LLELGTHE)
AETWE)  VAKER) [RF—L AD3(EB) |ATVNCRE)  ALECRES)




I OCE X TZhiX, AN NE XD, HORELENIBLNIANL ENE
ST aEDL [ZTA CBrEmEE) O 16 XThD. K2 IIHITHRICRD
FEOEBREE AR T BN T AN VEMIZERICR o TS, TROMMES{LHTH
L. EFEmERET D (& X2 E8GT 5. R2IFEEFT O 29FET, fIZSCRO 1T
3 TE9d) 24|, [Tl TELA] A1R2EEEL, S LEZOEFH45ETHS. &
FNGROBSIL TR CHIRET 226 0 THA TSV EHBETHEREZM L. 577
Ty MIGEEICL > THRERIZ R 256 b RN 2560550, ZOEESHTLE.
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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—MeELc. 77— ML TEHHn20
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 IXEEONT Y 7 M AW CER{COFEZ W L. SR EIBIZE
WENBLNT, KR AT ha 7 Z A RIS B ER SV ZARBNRWIGE % S (LR
HE L, TOREOHEEGEROERILARLRLE L (G82011). WRLAERRIIEAT LIS
B U7e. BUMRSERIL, MERLd & BB OEHR HL 08 5 03, EF DRI L7

i

3. @R
31. ERL4ARE

FESL A BUMREE - 08, FREOIAICE R T 5. GEEDITE A R0 TH i3Sy
FRu. KRR E i & THEZIZR LNV O T (1(21)=0.2554, p=0.8009) sk & 4317 720>,

1 ICHAMFEE (FEN—Yay) LE (LEEAN—Yay) OfREFOTRTR
T RAOXKITH I, RTORDBITFEER TH L. EE({LAEREOEL, Arb
(B - 5B 41%, [3CF - §BH) 78%, [3CFE - UK 100% Th 5. UORIT 16 5T~
THEFL L TWDOTEH 1 TIEHFHRIED 100% DA FER ST D, BRSEEE & CEOFE
HIZH LT, RSO H D tREZIToT2FERIL, SCEOIE ) NEMREEE X A EIc s bg



FERAE Y (1(22)=11, p<0.0001) .
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KRGS 78% TIEHIZ LAF%@-£¢Ji%m-%ﬁm%,$ﬁﬁm%f$ﬁmﬁ6ﬁ
B BER L2 L9 1E, 2 - AR (2011) OFREEICITREAT 7 '8y M CRE I NIZGE
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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 © 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) .
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T5. X 2 IZHIETENRRZRT. Ao [30E] 1, B — BRERYE, BEEE
FICHY T DREN 72N 7 T 73R R I TV, BIEEE & SCEOWT LS AL T
TENEEEE OSA T ER LA RO TRV, BEMIEEE T — B8NS, BREE —
BE, BRESE — PSS OB LARRSHEANICE OO, 2 (2012) EFRICHERTHS.
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TS, Y N EIFANRGE (D/EF) TIHEIERE & W S V5T Bk ME TV D

LEAD. LL, EXRF O XD ITH@EFENSHIFF S 2 51 T 6 B 2 3R L 72 A2 44
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DHICT VB 2T 5T 7 I v 7 7e5m T, LEFEOBIRNS R LB L TV D.
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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, HEBETHRENLCRERENRD Y, A& ITHEFETED
EWRD D, PR M$t4d12m6ﬁgﬁﬁﬂ4ﬂéZM6$EﬁEﬁ4HFQiﬁ%
ZITRRD LR (1(44)=1.23, p=0.2254). [Fl—=—a&—F (1990 FRAEFN) OEF{LA
LT 10 FOHA PR THOAEREIRLONT, BAELAEERIIHERF SN TND L E X 5.
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S L5 JHE m$t41 HRGEE (55) 2% 41%, 0 (QLEEE) 73 86% T, JHLi@EsE T
LI S OB A IR TEFS{LARESFRICE V. BIFHOCEITIIICRIC 17
R, v A, /?J@l6@ﬁﬁbfwéﬂ,_ﬂ635@ﬁ*M$£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 EFETRMZRGE TIXIE & A ERBEERE TN,
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&%@’ﬁwf%¥ﬁuﬁ@kiﬁﬁﬁ%ﬂhfwé elZL, HRARDOHEICTTLE %
TN ESHOR S (GEiEEE) 2RIRLCBY, THT7 I v/ RGHTIIEES
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R MRS MEiﬁkiﬁfﬁ T ARERERET D E, SRIOFEE 7 V—T1F, &
FALIZBI L C, MlEEBIIEEE 5728, B LU GES RV EWV I RMBEFENT ER - TL 5.
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BAbD S FA—TFT MY TR, LEFEOYH TIEA % b A LA E N BN
LT ENTREINDGN, £O—FHT, BRMICHLEELMHH L2WERSRENL, HEHS
LAEREROHEIITRIA DI, TS OFF OEF(LERRNEMILEL S D O3

WZILHFEDORETH Y, ERkOIER TS OESIZITRONRWRETH S, HiEiE
b, SEEREBEL T, IR SOES(LIZOVTE, 4% bZOBMMAEHSNS.
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ZIEEIT (1988) TAARD 8 #MicH T RS OMAS(L) [RIRRE & 1 K Fimtk] 25,
1-10.

SBIERT (2010) 5 Hulsilc B2 MR LA R OERIZE L) [ B AZEOMISE] 6(4), 79-94.
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B (2012) T B ARGENRES O A L—3GERE S L OFFE L U C—) 200, H
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FEARTET - Ml (2003) [HEGS LT SICBT 2 E\AE o) [EHEE] 7(1),
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L5 7VEDEHLEY / VT (BEE
DHEEHERS (HASAIHRIE - SURSHEREAY)

yuma.i.86@gmail.com

1 FU®IC

LT T7VEE (A=A a7 Y TS LR, ¥4 - 74 R) OFEHiE, 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 F I Z o, JRcBl ) 2, —/7, BIEEIZFESEHI%E2 ) 2603 5
T T 5, ZNZTNOEHOREZzR1ICE LD 5,
=10 T L R
B Hit% Bl 2 BbE

EEfll RS H
RIEET 5 FH O i

P (2014: 43) T, EHHi L BIFHOREERE 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 EEGEOF] (P 2014: 47 & h — K E)

C Co Cs i

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

BE EAE - mrek "85

S i - mla? FA

B - PoaE  myy =
FHEE EAE BEE gwee T
PHEE MR BOEE  klwen "5l
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356 (PR 2014: 47 X b —EBekZs)
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S2%  smbep I

% mmbah "I
EZE kpo? MR
e klmuy T

EEMRE
I Of v I
I oY O O

CZETORREZRE T2 X512, 27 7VEBOFMICE b3 BIIEMTH . X b FE
it RO 5N TE X,

ARgcix, TEIEE ) 2 78Eh & U CHMIR L, /808 (infix) ODIRZBVWEBIZT L L
Ik oC, Hfize & ORISR T 2 HERIRET S, ¥, ZOERPOSHSLERDZI LT T VE
DY 7T 4 BEOFIZOWTHHL %,

2 TREISHE OB®RR

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

x4 THIEE 260X

e B Bl

CC- 0

CCC- 61 smbep "1, rmbah ", bnliy "FHRDE ., prpip T(HIE23) JAva .,
spker ")), srbok "i#ffj. srkey "; #i. srley TH# . srmal "3i). srfot
M5 i, crluh "2 LiATr ), drmo? A ¥ F O, drthay 77—,
gmtak "G 5T 5, kndwl "y, gore TA—7") krlaj TREE., FHE.
krwec "fi5,. hnda? "iv> ), hnta? "2, hory? TEOAZCH: ). hgkok M.
hgke? "5: =, hygik '2>(X5 % .. hrlah "#< | hrlig "'541% ;| hrle?
M9 4, hrloj "1 % ;. mrak ;. pmuuk "85 ;. kldul "KV> ), kldul
M40 #k,. klkil TS, Kklcol "I, klmuj "%, kndig "%, kndo? "R
25, krbol "2, krlap "SUA ;. krpo? "fii)t,. krpel & AlF . krwac
M. krwee "5 o4& < j. krwen /1A, lmba? "4, lmyor "D —
fi,. pmpo "%, prgar "FE< |, prlwh 1% % ;. mgap "5, thldil T4
R, thlkal "H%Z,. trbe? T3¢ trlak "5, trlam pam " . trlag "€,
trloh "##,, trluh 7D —ff;, trnap "KE >, trnek "H8,). trnwj TH ),

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

CCCCC- 0

at 63

TRIEE, 28T L INBBADNIT% (61/63) 33 FHEFHTH S I LT o7, 4 FHHE
felE 2 BlDAT, £ 5 HEENERL T 25 (kikrwee 5 >8E < J, bmbwaj "Ik, : THEEA
HEEH), A<, THIEHE, L3nsBicid, 2 FEEfi e 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 %, ZOBEPREIIEIEICOWT, Z0H)
FNCBE T 2 HEA R IRE S D, ZOBEREHL, WO EBELEFD, 200k, EROEHTFE
(onset) 12Xk > CTFHITITRECTH B ({1 2014: 57, Bitscher 2015: 1009), #l (2) Z R otz \v>, A
FEHHPMOL A, -m-0 T EORITFAIND, EAT2 AU EEROLE. -n-0 o i
IHAZIND, 2NN TFHEGEDOSE., - EEEOBICHAINSG, ok, 3 -HEkich
hREBEA I NAHIZ, BIEIN TR,
) t-rn-ek "HE) vs. tek THIC
jn-rak "Hfi; vs. grak "EZ%H <
k-r-wac ") vs. kwac i< |
HHLZ WD, ZoBERRHC X - TRE L 703, SBROE T EFOEICEHL ST, #4793 15
W B TH D, ZOBEIR THIEH 280 E T3 i Ttho7 2 L EFET 5,

4 SEEBEDBETIVE
P EFTcoimcbhrokl i3,
3) a. TR &0 B0 97%5 3 1kt
b. 4 FEdkiE, EEDBG L 2 flo A
c. 5 TEERIEE I AL
d. BEhEEmn-1c X D IRAE L 2 Bald, SEROEFEBUCEDL 6 T 3 i L 72 5

IDIHba bd. 2Fh TEREH, #2&BER P m-1c k> TREL ZBR02TH3 F
M E R 2 HFEF, 27 7VBICBOTRAEFZFEEIZ3 THLIEETREBLTVRELDEE
%O

v I

4) a+d RAEFHHEGII3ITHS

PlbEns, K1oEfHiTy 7L—F2b ) —EiHiL <a%, £, K17y 7L—FTik, &
KA 5 FHEfic 22, L, FEBIZS Flftidfgsnd, K 5hiid 3 &
EZzoNblkd, AEYITHL, £, 2D 2 LA L IEH L V) oMo EEI A MET S
B2, 7REy 7 TH 5,

COMER BT 272010, ARTRFZICK 2D L) hEgfiTy 7L — b 28%ET 5,

CO(OV(O)
B 2: Kiioisd 3 57T 7L —F
20T 7L — Tk, TRy 7 ThoEIEH E EEHOXMEZFEL L, £ 3 TE

MR TH 5 Z L HIMETDH 5, k. HEDHEGT 25604 4 e 2 iF 9 B3k
HErI LT B,

— 104 —



5 Y/JUT«KiE
EZAT, AT VED 2 FEER (cf £2) 6. M30Ek5%Y /)T 4BEE2ERTE S,
3CIE. PHSHG & BB ZIEY. B2 LNEE2RETELCELEDTH S,
HES<EE<RE<EIE<#8E
B3 /954 HE

HLOLEHT 7L —r2b Eic, A9 7 VEDOEEZHLTHE, INECEREE E SN TE
BRix, V2 VT BEICET IR EERT BRI 208 TES, V)T 1 BREIGER
T5HRE, BSITRT4HEHIBONDE Z L3027,

&5V /)74 BREIGERT 5T

PHEYE  B9% PH#E  smbep T
e Y [HEE  rmbah Tl

BHEE W H#EE  kpo? (ARG

PHEY Wi 2% Kklmuj &,

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

ek, (HRMISERSNTWIEWERD2>7bDD) vV 7 Y 7 4 FELFIEE (Sonority
Sequencing Principle) IZft> THHEIZED T, 207D, V /T 1 BT 285575 TEIE
fili, &L CEHICRET 20EBH >,

AROIHTIE, L7 7 VEOEHNY 7 VT 4 BEIGERL ) 3525, ZORH, TRIEHE)
RO HMEN ) HEMEO T v 7L — 2L TE 2, AT, FHEREY ) T4
BT 1 HE 97 2 i & OEICT 2 Sl 5 2 T, KD IR THH Lo BILMTZ B 2 LAy
P,

51 FFRESZ2CFEER

V7T 4 BEGER T AR AR, AMEEE 2 SO0 o2 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 25HiZzROTOihrolld, SHifEGEDT 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, REioRgIcib7z k9 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 O TR U 72 Parker (2002: 225-6) 12 X 4uUd, HEEED FHE MEASHT 13 35BS A
IR L HE S O T DR E RO, V) T 4 BENONED I DBREETH S E LT3,
Zh Z, FEMEASEE X, BBk o TV 2 ) T 4« BIENOMED % 2 W HgE23H b . FAPIEHEE
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 2SHEE & DIRWALEICH 2 2 L 23, Affioigim) 6 ne %, FMEHEDY 7 )74 B
JEOMEMNFICE LT, &7 7Y EBRENNICEERRT -2yt Bbn s,

6 DI

AREOIWHMUDFEE, 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 FED 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 (FRHA—A M 7P 7Y LR ICAROOTBINH TE 2R H 5
&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 EBOSGERr v 51 THIBRIF S EERdibiwsEy 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) ERTH (coda) DIERBEL L7780, WA IRT, HTHICIE 24 DEE
ZHD, KFFITIZ 14 0GHEZRD 3,

| 6: P -HDOHER

s W MOE RO A
PHSHE  p t c k ?

b d i g

ph th Kh

b d
B s h
5% m n n )
BAG r
GRS 1
BEE ow i

R7.ATEOHR

W ¥ EOE RaE AN
PSS p t c k ?
PEEE h
SE  m n n )
EAY r
T 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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C5

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
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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
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C6

A preliminary acoustic study of tone in Dzongkha

Seunghun J. Lee(International Christian Univ., Univ. of Venda), Shigeto Kawahara(Keio Univ.),
Haruka Tada, Hanna Kaji(International Christian Univ.)
kawahara@icl.keio.ac.jp, {cl1l81433k, c¢181130s, seunghun}@icu.ac.jp

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.

! .. q 0
. I *
50 u I o
300~ . Ue
. .2
° e 2500~ —4
. o
0, .a °
400~ .
. 0
§ §27507 -a
= - &
* s00- a + .0 °
s
3000-
600- i
a
a 3250- )
700~ . o
2000 1500 1000 2000 1500 1000
F2 (Hz) F2 (Hz)
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 4: FO movement of two types of tones by vowel (smoothed).

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).

160 - 160-

140~ 140~

tone cons
o 120- H @ 120- devoiced

- L -~ voiced

100- 100-

1 2 3 4 5 1 2 3 4 5
pitch frames pitch frames

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.
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