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1. Introduction

Drenjongke (also known as “Bhutia”, “Hloke” or “Sikkimese”) is a Tibeto-Burman language which
is spoken by about 80,000 speakers in Sikkim, India and whose phonetic properties are understudied
(see the green part in Figure 1.). Although Drenjongke is one of the official languages in Sikkim, the
lingua franca languages in Sikkim are Nepali and English. Drenjongke is considered as endangered
due to the decrease in the number of younger speakers. The literacy of Drenjongke is also not high

because the Tibetan orthography is used for writing Drenjongke, which does not always succeed in

representing the vernacular language.
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Figure 1. Map of the languages of the Himalaya
Descriptions of the language (vanDriem 2001, 2016; Yiliemni 2019) have reported a length contrast

in some of the vowels of the phonological inventory of Drenjongke where ‘short’ vowels contrast

with ‘long’ vowels. This contrast is involved in a variety of minimal pairs as exemplified in (1)
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(D) Minimal pairs for the vowel contrast

a. si ‘trouble, envy si ‘feel cool’ (Yiliemni 2019: 49)
b. ka ‘order’ ka: ‘split’ (Yiliemni 2019: 49)
c. ko ‘dig’ ko: ‘throw’ (Yiliemni 2019: 49)
d. she ‘explain’ she: ‘know’

e. dru ‘boat’ dru: ‘six’

However, what these studies also point out is that there is more to this contrast than a difference in
vocalic duration. Both van Driem (2001, 2016) and Yiliemni (2019) report that only some of the
vowels in the Drenjongke phonological inventory have this length contrast, and suggest that there is
a complexity in the realization of this vowel contrast in relation to other acoustic differences such as
vowel quality and the presence or absence of a glottal stop.

Although several impressionistic descriptions of this pattern are available, there is a lack of
experimental studies examining acoustic properties of this vowel contrast. The current study offers a
preliminary acoustic description of the production of the vowel length contrast by Drenjongke
speakers in order to examine its acoustic realizations. After examining the durational cues, we
looked at the different patterns of phonetic implementation exhibited by the ‘long’ vowels. Our
findings, which are consistent with previous research results, confirm the complex nature of the

contrast, and allow to identify a variety of patterns of phonetic realization for the ‘long’ vowel.

2. Methods

This study uses production data collected in March 2019 in Sikkim, India. The participants, eight
native speakers of Drenjongke (5 male, 3 female), read a randomized list of words in a frame
sentence with 5 repetitions. The list was made in order to include minimal pairs with a short vowel
and its long counterpart for each vowel (e.g. [so] ‘tooth’ versus [so:] ‘save’).

The duration of each target segment was annotated using Praat (Boersma and Weenink 2018), and
the extraction of measurements was automated with its scripting function. Statistical analyses were

conducted using R (R core team 2017).

3. Results

We first investigated the annotated raw durations of the vowel segments. Our results are consistent
with previous observations (van Driem 2001, 2016; Yiliemni 2019) that the vowel length contrast
does not seem to be only based on a difference in vocalic duration.

The box plot in Figure 2 presents the distribution of the duration of short (left box) and long (right
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box) vowels. In our aggregated data, the mean duration of all short vowels is 100 milliseconds (ms),
while the mean duration for the long category is 110 ms, that is a durational ratio for the long/short
vowel contrast of 1.1. Although the t-test indicated a significant difference between the two
categories for the observed mean duration, the perceptual reality for native listeners of this difference
(10 ms) is questionable. Moreover, what the box plots in Figure 2. also suggest is that considerable

overlap exist in the distribution of the duration of the two categories.

duration

Length

Figure 2. Distribution of the duration for short and long vowel categories

When looking at the same data organized by speaker (in Figure 3), we observe that the vowel length
contrast is subject to inter-speaker variation. Each panel in Figure 3 illustrates the distribution of the
vowel distinction based on orthography for each speaker. The plots in figure 3 show that the vowel
length contrast have three ways of being implemented. Some speakers show no clear difference in
duration between the short and the long categories (e.g. SIP052), and some others have a longer
‘short’ vowel (e.g. SIP049) or a longer ‘long’ vowel (e.g. SIP050). The duration results themselves
do not offer a possibility of distinguishing short vowels from long vowels.

The distribution of the duration for the two categories is also of interest when we look at each pair
separately. These pairs were examined because impressionistic studies have reported the presence of
short versus long contrast in them. In Figure 4, we observe three different patterns: (a) word-pairs
with no length contrast (e.g. A3-A4), (b) word pairs with a contrast with longer ‘long’ vowel (e.g.
AMP15-16), or (c) word pairs with a contrast with a shorter ‘long’ vowel (e.g. MP21-22). The
presence of inter-speaker variations in the realization of the length contrast, as well as the different
patterns observed for the different pairs suggest that the vowel duration might not be the only

acoustic correlate active for the vowel length contrast production.
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speaker

A further investigation of the recordings displays that there is no unique acoustic parameter that is
responsible for the realization of the long vowel and that there is co-existence of several phonetic
implementation patterns across the repetitions. Although short vowels consistently match the
expected realization (i.e. a vowel with a short duration), we observe the following phonetic
implementation patterns for long vowels:

(1) a longer duration of the vowel component when compared to its ‘short’ counterpart in the

minimal pair (Figure 5.),

(i1) a short vowel followed by a consonant (Figure 6a.),
(iii) a difference in phonation: creaky voice (Figure 6b.),
@iv) a different vowel quality.
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Figure 5. ‘horse’ [ta] vs. ‘tiger’ [ta:] minimal pair by speaker SIP071
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Figure 6a. ‘tiger’ /ta:/ pronounced as [tak] with a Figure 6b. ‘tiger’ /ta:/ pronounced as [ta:] with

velar stop by SIP054 creaky voice by SIP021

The spectrograms in Figure 5 and 6b illustrate three different types of phonetic implementation of
the /ta/ ‘horse’ vs. /ta:/ ‘tiger’ [ta:] minimal pair. In Figure 5, we observe the expected realization of
the short/long vowel contrast. On the left panel, the duration of the vowel for the short vowel is
shorter than for its long counterpart in the right panel. In Figure 6a, the duration of the short vowel
appears to be of similar duration with the short vowel in Figure 5, and the closure portion
immediately following the vowel observed on the spectrogram suggests that the long vowel is
realized as a short vowel followed by a stop. In Figure 6a, the consonant is a [k]. However, in other
occurrences of long vowel we also observed glottal stops [?], as well as [r] or [1] in this post-vocalic
position. Figure 6b is an example of the long vowel realized with creaky voice, as shown by the
glottal pulses in the spectrogram. Lastly, another type of phonetic implementation of the long vowel
that is not illustrated in the spectrograms here is the difference in vowel quality. The pair A3-A4 /so/
‘tooth’ vs. /so:/ ‘save’ was consistently realized as [so] for the short vowel, and [so:] for its long
counterpart. This is not surprising given that cross-linguistically vowel quality is a known correlate
for vowel length contrast (Lehiste 1970, Maddieson 1984).

The four different patterns of phonetic implementation for the long vowel described above were not
observed consistently. In fact, the patterns differ within an individual speaker (i.e. different
realizations were observed through the five repetitions), between speakers (i.e. some speakers are
more likely to lengthen or insert a consonant than others) and by item pairs (i.e. the same item pair
may have various realizations). What our results suggest is that there is indeed a vowel length
contrast in Drenjongke, but that the lengthening of the vowel duration is only one of the possible

realizations and the contrast can be maintained using other cues.

4. Discussion and conclusion
This paper reports findings from the acoustic description of the vowel length contrast in Drenjongke.

Although this language has been described in previous studies as having a contrast in terms of vowel
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length opposing ‘short” vowels to their ‘long’ counterparts, it appears that other acoustic correlates
beyond duration need to be considered. Confirming previous studies (vanDriem 2001, 2016;
Yiliemni 2019), several patterns of phonetic implementation was observed for the ‘long’ vowels only.
There was no single phonetic parameter that is consistently observed across all the short vs. long
vowel pairs; the acoustic realizations of the contrast between short and long vowels instead differ by
speaker, between speakers, and by item pairs.

Research has shown that cross-linguistically, when a short-long contrast has a low durational ratio,
other cues can be deployed to keep the distinction salient. This is for example the case in Norwegian
where the duration of the vowel preceding duration of preceding vowel: Fintoft 1961). We suggest
that this may also be the case in Drenjongke. When the vowel contrast is not saliently realized with a
duration difference, the long vowel category utilizes other types of phonetic cues to maintain the
contrast: a consonant can be inserted, the vowel is laryngealized, or the vowel can be differentiated.
An interesting challenge is how to model this inter-speaker and inter-item variability.

Several questions arise from the findings of the present study. Firstly, do native speaker assimilate all
the different realizations of the long consonant as the same phonemic category. Second, are native
speakers able to make a perceptual distinction between the long and short categories. These

questions will be addressed in a further study using perceptual experiments.
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1. Introduction

Tshivenda is a southern Bantu language spoken in South Africa and Zimbabwe by about 1.3 million

speakers.
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Figure 1: A map of Limpopo

Tshivenda is unique because it marks a place contrast between dentals and alveolars across various
manners in the orthography using a carat sign underneath symbols for alveolars. Lee et al. (2018)
reports acoustic characteristics of the place contrast and focuses on nasals due to qualitative
differences found in the realization of plosives and laterals; for example, the orthographic ‘t’ is
produced as a palatal affricate and the orthographic ‘t’ is produced as an alveolar. In Suzuki and Lee
(2019), we report that the contrast between dentals and alveolars is retained in the production test,
but the difference is not robustly perceived by native speakers of Tshivenda. This finding was
interpreted as perceptual merger in the non-salient coronal place contrast, also known as near merger
(Yu 2007).

In this study, we address the issue of perception of non-salient contrast by looking into
perception data from Xitsonga speakers who don’t have the nasal place contrast, but nonetheless
share the linguistic sphere with Tshivenda speakers. Informal inquiries to Xitsonga speakers yielded

responses that they can distinguish the place contrast, presumably because sharing the linguistic

110



sphere allowed them to observe the production of the sounds. Even so, an experimental study was
necessary to verify these impressionistic claims to understand non-native speakers’ perception of the
non-salient contrast.

Xitsonga speakers are selected for this study due to various reasons. Xitsonga speakers
share the geographical area with Tshivenda speakers. During the apartheid period, the homeland for
Tsonga people and the homeland for Venda people were next to each other. In remote rural areas,
intermarriage between these two groups is common. In modern day Thohoyandou, Limpopo,
contacts between these two groups are frequent so that many speakers can understand the basic of
each other’s language. This geographical proximity and close social structure make a perception
study of these two languages worthwhile because other external factors can be excluded in
understanding the perception of non-salient contrast by speakers of other languages.

Perception results reveal that Xitsonga speakers do not perceive the difference between
dental and alveolar place contrast (even though some informally claimed that they can do so). The
findings suggest that geographical proximity as well as familiarity with a language do not result in a
perception of a non-salient contrast. Furthermore, the findings imply that non-salient phonological

contrast may only be perceivable only if the grammar encodes the contrast.

2. Experiment

2.1. Participants and Procedure

A perception task was conducted in Thohoyandou, Limpopo, South Africa in November 2018.
Xitsonga speakers who were familiar with the orthographic representation of the dental and alveolar
contrast were recruited. Eleven native speakers of Xitsonga were asked to identify whether a token
in a frame sentence begins with a dental or an alveolar. Two forced choices were presented using
standard Tshivenda orthography using Superlab version 5.0 (Abboud 2013). Participants made
decisions using two keys on a keypad that was directly connected to a MacBook Air using a USB
connection. After a short practice session, participants made judgements for 120 items selected from

the production data by four speakers.

2.2. Stimuli

Stimuli for the perception test were 3 pairs of minimal pairs with the dental versus alveolar contrast
in (1). Recordings of the 6 items from 6 previously recorded participants were selected for the
perception test. At the time of the recording, a post-test confirmed that all the speakers who produce

the stimuli were using these words in their everyday life.
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(1) Stimuli

ninga ‘punch’ ninga ‘hit sideways’
b. nanga ‘flute’ nanga ‘choose’
c. nénga ‘sneak away’ nénga ‘sneak’
2.3. Analysis
Results from the psychological software Superlab 5 were analyzed using a d-prime value. Perception
tests yield four types of responses that need to be considered. For example, when a participant
responds with ‘dental’, the response may come from a dental stimulus (called ‘hit) or from an
alveolar stimulus (called ‘false alarm’). In that same scenario, when a participant responds with
‘alveolar’, the response may come from an alveolar stimulus (called ‘correct rejection’) or from a
dental stimulus (called ‘miss’). The d-prime value is calculated by subtracting the z-score of ‘false
alarm’ responses from the z-score of ‘hit’ items. When two sounds are categorically distinguished by
participants, the d-prime value reaches around 3.

One participant only provided alveolar responses. We deemed that this participant did not

understand the purpose of the experiment, and the responses were excluded from further data

analysis.

3. Results

The results show that Xitsonga listeners do not distinguish dentals from alveolars based solely on
acoustic recordings. Although the higher the d-prime is, the more discernability of two items,
d-prime values by Xitsonga listeners were rather low as shown in table 1. The lowest d-prime value
is -0.17, and the highest value is 0.45. The overall distribution of d-prime value suggests that
Xitsonga speakers cannot distinguish the nasal place contrast between dentals and alveolars. The
c-value shows a tendency in their responses. Higher c-values indicate that a participant tends to offer
alveolar responses. Given the low c-value, Xitsonga speakers have tendencies to respond most items

as dentals.

Table 1: D-prime and C values

Listeners D-prime C

1 -0.179555829 -0.163569188
2 0.125355438 0.147750675
3 -0.030370821 -0.216648952
4 0.178345967 0.036488363
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5 -0.115820944 0.037020384
6 -0.011685931 0.131504312
7 0.05268462 -0.02634231
8 0.326541345 0.047157722
9 0.458182462 -0.103429884
10 -0.074980604 -0.347830164

4. Discussion

It is well known that perceiving contrasts that are not present in one’s dominant or native language is
not an easy task. However, it is not always obvious whether speakers of languages that share the
same linguistic sphere will share the same difficulty. Xitsonga speakers and Tshivenda speakers not
only live in a nearby area, but also share various aspects of their life suggesting a closer than usual
relationship both linguistically or non-linguistically. Such a close relationship would predict that
non-native contrast in Tshivenda may not be difficult to perceive by speakers of Xitsonga.

The findings in this study, however, show that non-salient contrast in Tshivenda that is not
present in Xitsonga is not perceivable. D-prime results by Xitsonga speakers show that many
listeners were guessing rather than discriminating any differences between dental and alveolars.
Moreover, when they have to make a judgment, Xitsonga speakers displayed inclination to judge a
stimulus as a dental sound rather than an alveolar sound; possibly due to the marked status of the
dental nasal sound. In other words, when Xitsonga speakers face a difficult task of mapping an audio
stimulus to a category of sound, they opted for the marked dental rather than the unmarked alveolar.

In Suzuki and Lee (2019), Tshivenda speakers display rather low d-prime values for an
alleged native contrast (ranging from -0.34 to 1.62), which suggests that near merger (Yu 2007) is an
ongoing process in the phonology of Tshivenda. This finding shows that Tshivenda speakers already
have difficulty perceiving the nasal place contrast even though they could produce the difference by
advancing the tongue and producing an interdental nasal. The results in this paper show that a
contrast that is experiencing near merger is also nearly impossible to be perceived by speakers of

other languages when the contrast is not present in those languages.
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BREIC LD EZRLRBDO N o772, BTSN /al & Jo/ OXFE53T TV,

3. FEREER
ZOHITIX, #ERE OERE ETEME S O EALROOITFERIZOWN TS,

3.1. FHEER

1R e o T EREES OB, EETIE, EXRMEOO e/ & M B s/
N THDH. EBIT, el & s/ BEORHERBKE D e, ts, 0/ &t ITEEAY AR
PEDMENZ Lo o, FEIHEFERTIET 501, N & A, fel & fsl, W & el O
HEBIREREAN LB <, e/ & M BEROs/ & MY OMBEBIEEREASTVC L Th S,
J7, EHERELSERDOIT NV & s/ ORIV & ThB. 12720, EROY
&, THEOXMMEICHEEREZRITRO o eroT-.

STV IELT
80% i I I I 80% & & &

- te-fs st -t tf te-ts 6 fs-t fe-t s

0z
L )3

B 1: OV 7EBEEORAET ORI D EEE: ;’EEE(ZE)JDJ:UE KA. TNEhOHEEIZ
EEEDOEYEEZRT. B S7ELKBME DRI THEEEZEDRDON-VFRERT.
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X 2 (28T HAGERGEGE OGS, FEETIE, /fte/ & A/ BMhoxF X v, EERIED T
RNz b, RENAELDIFE (KBISARWIEE) HEUEREWNZ ERghoTe. £
7o, el & N EHBREEHDIN s/ & BIO e/ & oits/ OIEEF L LK.
MBI 2 L 9 3R D fte, ts, ti/ &t/ IFIEERNE < HUMENMENZ &850 - 7=,
FMAROGG, WEHERR LI AN —UPBE SN, BERTREMIEVWEZRER R 6N,
FEOXBINBREREEZ LD 2 ENRBINT. FBERO V& fte/ (Zfhoxt & A E R E
NHDHN, TN EFERZOIIITIAERENED L7200,

DIy Y Y

tl i s fe-fs st fg-t 6 fe-ts s fe-f i st

2 AAEBEEOMHEAORIOESE: B (£) SLUHER(A). ThENOREILE
EEOTHEERT. BT 5TECBENRPES I THEZORDOINEISRERT

32. EEEEH

BT ERRRE R O, RIS IORTE Y, GREHTCHL, s/ L /s OIEERPLOIE LD
AEIENWZ LR GnoTle. ZRUSOMOM TIIFEEATRD bR oT2. Fi2, 7F
KT, FHEORMOE THEATRO bR T
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EEEQEYEEZRT. B S7ELKBME DRI THEEEDRDONT-VFRERT.

X 4 12~ T HARGERGESE OWG, FREATIE, /s & /ol ODIEEFERER - LB, 20
KEOEERND, HAREREEGES OGS, /s & /e 1XFEAEXHINRNT &R
W72 oT=. s/ & lel DWITHREIIERBEN T DNOIX /s/ & /s THDH. bo s HLIEERNE
WDIX Js/ & Jel BEW s/ & fs THDH. FERTIE, FBHHEFEIC XL OIT, /g & o/ DIE
BRNE 5 L BIRNTEOIZ, FRERESWZ ERgholz. RIClR_72Z & n, HAGE
REERES ORI TIX, /o & /g OIRFINAET D Z ENHLMNITRoT-.
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4. 5

BT EEEE LTV, BAELZEE L TAMBRE OBE, BEFICBVL T, e/ &
M NTFHE O ICRFESND Z EBNShotz. —J, BEEFICBWTIL, /s, e MNRREIC
HMEIZBWTRFAIND L WO RBUIEA SN, o/ & /g ERBI SR WNIEEARRIC
FRMER @SN L h, Zo2 BHENFE CHETH D & ftmi 7.

o T, L2 R TEEOFHOHIBEOEMET, HARGEREGES Chodr v 7 FEEF DM
BCIE, BSEICEBWT, I, ftsl, /e, tl O 3 SDOEIEDIFIEN R S f1, BEEICHBWT,
Isl, IS, le, s/ D3 ODOEMEDFIEN TR I NI, ZOFKHLAFE LIS E L Tn
KMMIZOVWTHRD Z LIIABOBETH S,

& Xk

Johnson, Keith. 2003. Acoustic and Auditory Phonetics, Second edition. Blackwell Publishing.
WEE (1979) Te v TREOEH « EFFLFilm] , BHER
MLZER (2012) [r o 7ES AR , PR

Uy 7RA—T7 A (2018) HAGERGEEEICL D L2 0 VT REOERICET D e/ &
DR, [r > 7RTE] 5 28 .
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C4

NS LBIARAEICE TSI ERE+EHFEIORISONT
LF R RFEREBSCEIER - B AR R ITTE R)

sho.yamaoka@gmail.com

1. IXC®HIZ
AN RFLAFEIE T ETIE, EE Y S 6705 L) R —HEOENTFEL, BEL
TOXICHEE - S d 2 EBR—KTH D,

R 1 AN LEBERBAEICETEAEBE+FTE ST INLILELSBED LR ESTD

fin/, ikl — [#p:], [Fe:] | fwg/, uk/ — [tm:], [dk:] | /ug/, ;uk/ — [dvgm:], [dvkp:]
ley/, lek/ — [3in:], [3ic:] | A/, ikl — [¥n:], [Fk:] Joy/, Jok/ — [¥*pgm:], [¥"kp:]
len/, lek/ — [3n:), [3ic:] | /an/, /ak/ — [An:], [Ak:] fo/, lok/ — [Avpm:], [A"kp:]

ZHIEOFEY, —HOBEOFEHRHEINIRFE CTERBEICH L LT L0 TH D,
—H T, —HOBEOFHAIXN A BT TR KFERE-TNLHETHUTOR 2 DX
IO BARETH D, LnL, EHLLDRIRZLROMNINVELEHLNIINTED
T BUEIIRFESCH A OB —EOBLENGHE LR 1 OFWBGENDLDORBRTH S,

R 2: AN LERBAECETEHEBE+FTETINOLLHBED LR ENTR?

fup/, fwe/ — [Ip:], [Fe:] | fwn/, fwk/ — (], [wk:] | fwgn/, Awkp/ — [aegme], [dvkp:]
Anl, lfe/ — [3in], [3ic:] | A/, Ak — [Fn7], [Fk:] A, fskp/ — [Fvgm:], [§kp:]
/ap/, /ac/ — [3in:], [3ic:] | /an/, /ak/ — [An:], [Kk:] /anm/, /akp/ — [A*gm:], [A¥kp:]

FZTCARE T, TEMBLEND —EHO THE+EFES] OBRIILLTOHR 3 LI
BHERL BRI ENDIRETHDHZ L2 TET 5,

K 3 ARDEIRT D AN LEILBASICE TS EET+EFEFTINCLHEDERES T

fipd, fic/ — [, [iie:] | i/, ikl — [, k] | /i, fikp/ — [igm:], [*kp:]
Ap/, 3/ — [3n:], [3ic:] | /3n/, /3k/ — [3n:], [3k:] | /3gm/, /3kp/ — [3*pm:], [3¥kp:]
/ap/, /ac/ — [ain:], [aic:] | /an/, /ak/ — [an:], [ak:] | /agmy/, /akp/ — [apm:], [aVkp:]

2. FEOME
AT, TERE +EEE 2ORBICESD MR E U TRET 2,

! Cao Xuan Hao (2007: 95), Poan Thién Thuat (2007: 234) DFEFCIZ, FEEEN DN LT IO
TeEREL s EELOREEELEZbO, 72720, [, [Y] 1 FEO KRBTSR,
ME - KA ERICEND < HEWbZ Y %7,

2 Poan Thién Thuat (2007: 255) %S BITHEHBIERK LT,
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21. TEBE+EET] Mo HHEDEHE

® 4 TEAE+EETINLLLHBENHEL, KO FFHECTH

BIAE | SRS O ESOB | EE OSSR | ERE TR0 ES 08
/I [Bn:], [ic:] [tm:], [ik] [tirgm:], [drvkp:]

h [5in:], [5ic:] [¥1:], [¥k] [¥*nm:], [¥kp:]

X [3n:], [3c:] [Xn:], [Rk] [Xvgm:], [Xvkp:]

NEF LIS EICR T D EREFEEE] 2OR2BIZRRLEZL I, K
BIZOWTHOZE - OHT - EROZEEZ L2000 3 R, S OICREORROE
[ZDOWT/hRD 3 RIND, Gt 9 FEPFAET 2, 0 ZE RN OO R E 71X
ENOHTE~, WEKOEERINOBEOREEHIIFEMEN S BN OHEENHEE~
EFRRLSENT DL DY [],[M] &b,

22. TEBE+EEE] Mo HBOBEOHSTAE

INH—HO HEFE+EET] DOoRIBONTHFIETIRE b TGEm1 RSN
T3, BHRATHTEDT - TV D OO N HIKIZZ I bT- 508, A CIdEE E
INHDOHEE HEOEHEXBZ E ISR O D PR EIZRD L0 ITL>T 4L,
EL DN RAN BT 5 X0 R TimatED D5,

FTOELODODOHITIE., YHOFHONELNER LR, RFEIITATH—FHET
HOLMOBETDOREFLEZ DR 1 DX D734 Th 5 (Cao Xuan Hao 2007: 95 72 &), /0¥,
ZOHBHICBNWTHEENORE~EIRESEDH72OIZIE, LLTD X 5 2@ ORI A 22
L 722 (Cao Xuan Hao 2007:95), Z DX H & LI, FEE & FEAS,

(1) ERE+EEE] 2ORIBONERIZIT DIRAERSA
in en £n un o1 an
FREEL in: én: gn: Un: on: 3
A&l - BEl o & &n: inpm:  opm:  3pm
=Rk - (9 in: 3 3n: @mm:  ¥yme Apm:
DY O P 3in: 3in: w'gm:  FYgm: AVpm

STZODOGHTIE, FEOMFILFR —FRTHY, ROVICKTFHFICHEAEE - kO &H
FMEROZFEZTDO 3 SORINOXBINRGH D ET 53 2 DX D7/ T D (Nguyén Phan
Canh: 1964 72 ), ZOnHZ LT, RTE & S,

IO STZODORHHED S BEAEL Y —RIROITRER TH L0, TOHM L LT
IRTHFEOFROEN VL THEZ &, T LTHOMN (BE+ R EOMAEDLED
) NERICLOTIREEH TR D I EREDFRDTZDTH D,

3 K TATIRIE D o381 71 D 43 FaCik i DN IOV Tk Cao Xuan Hao (2007: 88-91), Poan
Thién Thuat (2007: 237-266) 72 EMRFEL Y,
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T TABTIE, ERE+EE S »OR5E2 58200 L, BEEm L K500
k%%@%ﬁ#'é&@ﬁ%&wf@ﬁﬁé

3. T—RADOREELUDH

AT, THERE+EEE] DORIBOEELSITICHND T — % OIER L OGHTIC
DU JF/\ZS

31. WEFE

NIAFEwE 1 BE =7y e RDBPEZFDHEDO Y A M aefh LT T bo7,
OEDDERIZHOE, 3 \EIFT oA LT TWD, IERIT B E 725 B4 1TV, Tascam
[RAO@WM?%&(2/7/#—\£%ﬁ@)%%wf44mm'ﬁ%wbl%nfi
F{k L7z WAV 7 7 A L TH LT,

3.2. HAE

praat M/3—3 = 1 6.0.08 (Boersma & Weenink 2015) (2 CHREDREEERD D 7 /b~ b
DFFGEER 3 2RI L, 2O LERSFIE 10 s GRIREFT OGS E 0%, K& T His
Z 100% & L7cd &, 5%, 15%, ...,95% & 725 10 &), BREIE 5 & (10%, 30%, ..., 90%
LD 5 K) O~y hERGL, PR L o7, L, SAAEIRIAL TV D

4. DIHER
AEICIE, BIEI TR L7 40~ v MO ORERICHOWTR S,
41. N/ AHEDBERSR
INTRERDORNC, ET A S5 ORFERRICOWTEBLIT 5,

R 5 NAAEDBEKRR

HIES HE %E
ERE | RS
FEME L=
foRSaEs /i fif h/
HREH W RS le/ /o /3/ /o/
IS=3 le/ /a/ /a/ /ol
TEE | 0 ERRE | i fiof fua/

FERFICOBREOXNN O 50, T ORBOXSLITRF OFfRi 72T The < H
FHIRFHORRIRHRICOEET 5, 2F 0, [EFORE] W)oK, TRFEERTH
DEIOLRORN] LWL TNIEMTH S, 2B, EREIIAEEIC LB,

YL, HRIIAEAED TORKE LT WIEEIZ 2> TWD, £, BENOZFEERM
%E%ﬂ%@/%z%ﬁ%ﬂéﬂ\n/#w&/%wgﬁ@vxwmwmf#%_mgw
I ERERMEIT W EEDbND,
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) REE O RALE K15 DOBIR
EEE+ AR5 NC/ = [V:C]
HRE 4+ K5 NC/ o — [VC]
Flo, PESEE A ITREOXMNT AT 2 L7200, ZORRS IS AEREICL Y
RENENT D,
3) mEmEE A DR
i — [i]/ _ [+ consonantal]
— [#:]/ elsewhere
BB, PEFERED /o), A 1FREORBICONWTET TR, TRICONTHRO0R
2o TS, TEAK (2007: 28-30) 1X /o, 3/ DT )~ MEIZER D BN/ & DIED,
PAEHICRIT A2 RF /o < LTH, F/E A/ 2B LTH, BEEEEILD EORE
DEETHD LT L2MNRH L LEBITND,
42. NJAHED ERE+EETI DO IBOLH
NAFEOHBHERS (EQ LGRS +EESI0BRNBEH (AR

F2-F1(Hz)
2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200
200 —eop i1
terl
300 terl
—op il
200 —op to:1
—ep ta:l
—opp turl
—op to:1
—ep 1
--op- tin:2

s3ip:l

500

600

F1(Hz)

700
tanil

--op tin:2
--opp tin:2
--op dEn:1
900 o T2
--op s3m:1
1000 _..’ dé“/r]!m 5

800

RAENHIETBRAZTLYRE A
BERBBOFTEAPPEL TSRS

1100

1 NABEDTERE+EEEINSLIRLASHEBREORICETHBENTOVE

EREAAHGE0 TERE+EEE] O 58 & BEE RS ORI Téli%
Toy bLbDTHD HIETA, BB TR, RftLFEZR TR CADRIT, BEHR
WEBWTHEBMIZFRICHE L SN TWD bR E (FEREIZOWNT ixﬂi\ﬁ‘éﬁft‘@/\
T) ThHHIEEET, KOBMHEMICERT 2L, THEEEFEEST] 220670208 (HH)
DO B ROZINIFE CEOHEHIEET OB (55 ITHAHAERLPRE 2o
TWDIED, REEDOYEAE 7 OFEANRPCREHR > TWD T ENDND,

S 7L, EREIEEEEHICENALWVWO T, 22TE 9 DOEREOHRE Ty LTV
D,
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ZDZEMBHET,

NIATED TS +EEE

KiLTNETHDLZ ERDOND,

]

MBIRDEFEITUUTO L DI

K6 NAFAEDEBE+EETINCLHLIBROH-EERFRE

BH 1 B NOFEET O | A KO EE OB | BRE + RO EH T O
/I [¥n:], [¥c:] [in:], [ik:] [Fnm:], [i*kp:]
i [3n:], [3ie:] [3n1], [3k:] [3vgm:], [3kp]
X [ain:], [ac:] [an:], (k] [a*nm:], [a"kp:]
5. BR
RETIX, BIEIO 7 4~ > N ORERZ B E 2 T, ZREO ST k% ik 5,
51. BEHR
AifioR 6 OFFELNO., HENE+EEE] DORLBO I b - ROZRIOBRHA
FEEITEHE ORRE LY b REWVWZ ERDND, 2O b, BEROSHTOIRERA] (1)
TR EBUTOEIIEESNRTIUTR B2,
4) MRS+ &S] DNORDBOREIRICK T 2UREHA (EEMR)
in ey €y uy on an
(SASSEE (9 in &n £n Uin on 3n
A#H - BEE n &n &n inm opm 3pm
EER2E (9 in 5N 3n inm 5pm 3nm
bizv ot ip 3n 3in fgm  3Ygm  3'ngm
BROEDEK in 3in in Mgm  3Ygm  d%pm
ZZTHZICHAIE LT o7z TBIREDOHE K] X, —HEOBED > b - KOZRINZD
A S, NORINCITEA S ey, L L, BIRENRH « KORYIOHZRNEEDH
PRI ZE 2T LIIB 256, ZOHTRBANTOOoRBRHAE 225,

F 72 ZOHHTIX. FEEOREED
MBRBEHED S B, %Dfﬂ¢@ﬁ@@liif?a
B OENKORINOREEITTRT [4] &> Tnb, 2D,

B O XL & B
o TLEIT & LERD,
(5) R DAIHTIC

le/ — 31/ _

[velar]

BT,

— [e]/ elsewhere

e/ — 4]/

[velar]

— [€] / elsewhere

F o THEBNRBIRN LR T,
BUTPRREATH D,

e PN RS

HNEEHROD
/3/ — [3]
13/ - [4]

MERE+ &S
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[ZOWTHRERAR LD,

b LTI RT 3] THY., =

MERE+EEE] »oRd
HROMLERZD L, FREFEFROEFOSMPLUTOL I ICHWICE

BT DFMOERY )
— [3]/ _[velar]

— [0]/ elsewhere
7o/ — [a] / _[velar]

— [0]/ elsewhere

1 MR BEORN A RRFOENE LT
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52. XKFER
ATHNICEB W TR Lz, RS+ 55 S DO RO T 5 57 >OREIX
M OBOXNNTEZLLTOLIICTHEOENTIEARLS RFEDEWVWTHLIEHZDE, 9 F
<[HHETHZ ENTE D,
RT7 ABOFETILEHAENEBET+ETEFTIOBED L RELT (FB)

fipd, ficl = i, [fe:] | A/, ikl — [, k] | g, fikp/ — [igma], [ivkp:]
Ap/, 3¢/ — [3n:], [3ic:] | /3n/, 3k/ — [3n:], [3k:] | /3gm/, /3kp/ — [3*pm:], [3Vkp:]
/ap/, /ac/ — [ain:], [aic:] | /an/, /ak/ — [an:], [ak:] | /agmy/, /akp/ — [apm:], [avkp:]

EDOX ST DL ET, VERE+EEE] 0O R5BOAEITERE A, /3, /Al O
BAOEIKFEL CTWDH EHBT 22 L2k, giIEO TBREDHEK] O X5 RIkRAHA]
ZALAIA LM BEDN T2 < 72 H1E ) BBIOEB RN RS, 72, ) DX I LRREOHLRD &
R SIND, Lo CHEENRBLEANDRDL &, BEHRL VK FEHOIEINARTH S,
(6) KRR ERT D01 D IRERH

n 3n an iIJAm 3pm apm
i O in 3n an inm 3nm anm
sk - 25k i 3n an igm 3nm anm
bl ottt n 3n an gm  3pm  a'gm

6. BHBHYIC

AR CTIEEZENE AN D, XN T LB S0 HEE+EEE] »OR5BONHT
ELT, RAFICEBRIRSLZRD, BEER-SR AT oMNZ4YTHLZ a2 E
EL7Z, ZELAROBANS BRBEOZENEZDONTELEN TR, 5% Y%
DEDFRNDF 2 =B BFIZH D DNKRFEILH DD EHFT L TWLS MER D D,

S5 3

Boersma, Paul & Weenink, David (2015) Praat: doing phonetics by computer [Computer program].
Version 6.0.08, retrieved 10 December 2015 from http://www.praat.org/

Cao Xuan Hao (2007) Tiéng Viét mdy vin dé vé ngiv am-ngi phdp-ngir nghia. Tai ban 1an 3. Ha Noi:
Nxb. Giao duc.

Poan Thién Thuét (2007) Ngit dm tiéng Viét. Tai ban lan thir 5. Ha Noi: Nxb. Dai hoc Qudc gia Ha
Noi.

Nguyén Phan Canh (1964) Vai y kién vé van dé giai thuyét cac phu 4m cudi trong tiéng Viét hién dai.
Théng bdo khoa hoc Vin hoc-Ngén ngi hoc: 1964-1965, 2. Ha Noi: Pai hoc Téng hop Ha Noi.

TERB] (2007) TH - BOSUALBRARE D 72 60 0BG 1035 - HM OBIFE D 7= O#FFE] T L
TVT L O] FRMFERRREE. EEAREA
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C5

FEFOEXICBITBIHEE N> MR—23> : XFLTICEDNT

AREBHRDE (RBRAZFEAKFE )
ul07964c@ecs.osaka-u.ac.jp

1 [XU®IC

AAFRT(E, PEFEICREEGEE (CLDMEXEHRAXDEGH LITEFZANT, FE
A MR- I OREREZELRT D,

ERDA > bR—2 3 VARBEXZXNRICLIZEDHRLTHD, FEFo>EX 2B
A(TERFr, EBICHICFEDLDSRRA > bR—2 3> ZMFINELINDD, EVWSERD
SODMEZ LRV, S5ICFITVT LS, FREETHDIFEECSNTIE, 1> 3
—2 3> OMRERNEDDHTL RN, BIETE, BHECKIDIDITORHMEHZEZ DH
RIFBNWKLDTHD (FH, 2012) U, COBEAH»EPLR>DETEFTO>EXICDONTEFER
L TUVRUY,

SENEEOSHENLRER SO LIEREE(E, 4 BOEERNFRZES, E2 1> &
(ENB3O0-NXFREL CHEOLICESZMITTRI E1E (8FR) [71, 25 (LF)
[71, 83/F (RFER) (7], B45E (FB) [ 1. BRI, BECKD TSARQRIESRE
NERE=ND. s, 1> bR—>3>(CDVWTIEIRERIFEAEFERT, FEARE
PIERR EOBRBINFHEANT, BADESUST 1 OHEEZRT (Chao, 1968),

AR T, WXODOBREANEEFOEXICEHTEFDEDH, EAFSE - 5F
E(CDWT, XIAT KD TEDKSIEFING DN, LW\ LB SR ZITS.

2 R3E3EH - THFRAIE

1. A LITFERESNE

zliﬁﬂnt(a*, FHLETERELUT, MEBXICX=fmZ, SIAXICZ1— 7\DE$%L_;E
U, TNENMDONERKEZSD 4 X=zBD BT TERT S, 20K, FEEXCE
B EHEREHE Ule. EEES(EIPA ZRFERAUEERKRE THD, Duanmu (2007) 7&
S Uz, Fil% IPA TERKRILIDBELER, £ 1 FNSEL4FET, %n%“n/’/,
/71, 1], I MERENBN, EERIEIPADE 1 ENES A2 DE 2 BICRBIBEDS
HDULWLWDT, KR TIIE> A > OFERESEZHBURE. BXZET ECDF, ©TDTFIC

BEISZHE U, TNZTNDRENREZEEXDDKRET, oA v—TiEs s
BFZELI CETRUBSZMIFIEN, CNEERTHERAT D, MERIE, YWEXXCDWNT
(FEEFDERZ, SREAX(CDWTIFHERZFEA Uiz, sFERIENEZSEENZ0.

G EVTEERIC(E, IAHBTEAET, IEREEEBASEIDIELR 24, 514 2SN
U7z (Table 1), &X5i TEMUFEZE(FRNENWD T ETH DN, Xu (1999) R ELihig=%
EZEUZREEDD, FLEBRICBEASOMIXDICEI DEELEALTHOTEH,
HEICRBRETETRVWEENMNTBINTWVRIBEEH DT, SEITHRZILRESE (CH
—Ufz., ZTDRE, E3EME Bk, 2012) =W TAHEDMEH#ER L,

Table 1 Z&i&E

R £/ | 1E
F1 R ELE .
F2 STLAAGED ok R
M1 | mREEARS U TS -
M2 ST
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2.1.1. ¥

Eil (1881-1936) DE(C/ED (D) () ZEMAT S, COFRZEEELEZD,
BAZII TR PETERVEPZERDOBNE CRASNTSD (8, 2016), FENF
DIFHITH D EBRCTZHTHD.

AARTHORHRECTIRODE, EARDR (221>) HepRUHDEL (UL hD)
EBERTDIHET, TIN5 4 (551 ) EiiUTz. DERRIEERBDI SMPIE
21N, BUWEDHEDPRTEFENEILLTUR D IZCEMMEESNTE D, AMEm(C
HBITDE2 LEMFRNFED 1 DTHD. 485, HERRED [EBERICENTNDFE
HZ5IEH Uz, | DB (&, AARDMREFRDERN SH< EEHRESERZ TR,
DHERTHD. XEMCRADTHDIEH, TDFRFKU,.

BB s
lauje
B WP 17 1 FE ) BB S, vy ] ZiE
wo: szx"ur taly ftky  xéentein wor  tedu  fszitau women  {sz:teen
B BY — E Rk B B BEEET. (x4

Itean k¥ly T "y k™:pdi tr xdu (sapplly

x AN . (#5)

wo: j&  sWorpVuts™ir xWa

fth EhdsLE Wi, (#6) IKE, (#7) B BT L. (#9

tha:  xWaikVot"dute™y:  sWor s"aisdy kdi lduje Kk'w:thdu

MER (HL, 1932)

[ BB

E1D)\wFHFUEDTz. FAFZEOEUTEEVWHHZS(CRRDIZ. BRBFEIMEEDRMHE
(CEBIEDOERVDRERFBTANTETIEONERDS E, FAEEDSREE TSR, HIFFEZES
(CralF

[7K4EX>, BEBRRICHEHEZ LIREL)]
EERICENTLWSFEEZSIEH U,

2.1.2. FREAX

AT, (RKTZI: BIZFFRRIREIR) (ARK) 2017.12.16) LDHMHD
WMENONSEDZ 4 X (5T 110 B 4L, DTHRELTERT 3. (ARR) (&,
(ARBR) OO ITRTHD. (ARBIR) (&, TEHRERRRZISSOKERTHD,
AFRRDC K> THR My T 10 DFED 1 DISEENTNS, BHETHS.

11TB 8H, (#9y & XT M i - fedhiy B 62
sziye:  paizk  jYugn’dny  s"™Wan  xVay@enx“argsVunein  ty  Pduszadr

E HBE HEYW B FE BT (s
s"éy 1dutdy fusViils ty pYnthai  fsWaiea:
s B M R, 1) R KT B8 B3 L, (#12)
centshan ty ¢vertelr piumidy G jYungnién  maijdu tangs"an sziwén
bt & 877 =t £ XK B BB, (+13

tha: xai plagdnly s@nsz; tYor mll: tr te“yili

"R ER B, (#14) 2R €, (415 EXR_ RUIBL" (#16)

wo: ¢iixWen kauk""in ciixWeen p"a gixVeen ts"Z:itel:

. RMEE sy B KT R BHE =& BEAR iKE =E
tsai  waip“é:san G jYungn’dn  s"enp  tsutelr sz kW6madi  tefigen  kauk"™ap
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1=5f] ik B—A, 13 Blx B X I &P Bk
yint"un  t"autsaen timzdn mWplau sz G zdnx¥r  pauxVlr  tYiugsaen
2R B S KB, (#19

te"aensztee: ty  kauldu tamsa

FER ($HER)
11 A8 H, SXKEL62EETCDER - FHF—DELODEFENSET UL,
IBIZoMm(d, SKENEIZFEET, 30m U LES e E&WIEED TLVB,
[BW\ECANWTSE, BRCEMNTFS, RIEHNTE. ]
Mg T, BXREFENOIIR NI —LAZAR=VICHIFTDEHEEEIL, REEZ
(T (CHRPDOBEBEIL(CHE T D ENBZRE EDRPNTLE,

2.2. ¥l

EER(IARRAFBEETIT O, 5 LITEREIRTHERF TR AU, sERP/R—
A ARBRCIRDDE Tz, FHIICHDIRMEZZIT oIz, i LIFRICETESZT
RBZIADTHESDIE, BPTESVEEI P DEDIESNG o158, 5 1 XETRD,
TDOXENSBEFH LIFTES D1z, RS54 (C(E TEAC £ DR-40 & DR-05 (B>
USRS : 44.1kHz, EFtEw MK 16bit) ZFERALE. FEEEIEESTAY
7 I Praat (version 6.0.29) THIFEUT=.

DD, FERIIEFEEEERENE FH LT ER-XBFHOE) TENDZ &I
FoTEHLUE (BE1 /)., R—XI(E, Praat OEFEFEFE, BENHIKZHR L CTHESR
Ulz. 27120, IBROBEEXEE UAEDRKE(IR—XICEHRMN DIz, RBFBRICD
WTIRRB &= (F, BEIEZERS S THEUBII/NEEE 2 fizlUER A Ul

SUHFEE, AUEEMOREINSRN THET, EVvFEEAARKREl - FomEh
WA U TS - BAREIEE (Fo) MMEL, EWDHEHEIEE D, REREE(CHUVTIEE 3,
4EEHVVEREN S S (Belotel-Grenié and Grenié, 1994, 1995), AHARDEFETEH,
BEHEIRBDIAZE TH DI Fo NERSNBMN D EEDMNE L, KRR CESEEDBIE
BCEHATETOBINESHMOMNSIRN. —AT, 1> hR—23> & UTHBIREERR
HIREREZEED TV ENDIDIFTTHERL (Chao, 1968), X%, BBEJIL—T DX
BICBWTERFRZITD EVVDHEELUNE D TLVRL) (Belotel-Grenié & Grenié, 2004)
=, EVFICRD, AARTE—BELTE UHEDEDZDHDINRINE T B,

3 ®BR-BER
3.1. X DECRDIRE

Chao (1968) (CKBNHIEEDHRT, AMAFTRDMREBHEEEHI DD, (1)KRDDX
(CHITD#EFSE, Q)RTDOED(CHIFDEEE, 3)PRBEOREHREHICHIFDEE
DERDIIEETHD. UTF, IBZED TR Z1TD.

(1)ROOXICHFDEFM : AFECHNTE, CRISADL(CDN, EvFHIRLICTE
<IBOTWKEAENG D, TNFFFEEFEN TS, FEECHWNTE, R (5 S0
B E) OXR, FRRERARNERZHDRT (CRINDGS, HFEOERIRNS.

LT, &FEEICDVNT, FEXD T LEOBRBOTEEZF LT (Tables 2, 3) . BE(,
BELFODARCHITDIEY FORBELREMEDT (Miller, 2007) T, BEAFHFE (B
#{E(X 100Hz) THD. KRFDEARAT, EMNSTICEND TIRICEAISEWDSTE
(C72DM, RPN DD THNTEEN R (TR IED TV (FI THD. 81X (#1)
(&, 5 BEIRBRDT, FRNMSEHRIMNUTZ, 56 3 XIIEXQROT, HIEEFEED K" (L
P, 562 BICHRRAZEIL) &SCRD "F" (T (CDOWTEHUE. 2120, F1 D "iF"
ZEUHETHERELTWZDT, TOERID "EAH" OHHEZIEFRLUIZ (BERICTR).
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Table 2 FiOFE (WEFEX) Table 3 FiFDOF1iIE (FREAX)

F1 F2 | M1 | M2 F1 F2 | M1 | M2
#2|14.4]112.8]| 45 | 4.3 E1x #9 | 150]13.9] 39 | 9.1

$2X |#3| 125|154 | 5.0 | 5.5 #10]| 13.9|13.3| 4.9 | 4.8
#4| 14.2]112.4]| 59 | 4.7 #11]| 14.3110.3| 6.2 | 7.0
16.5112.2| 2.0 | 3.2 $23X | #12|14.8|12.6] 3.8 | 3.8

e 10.9114.2| 6.0 | 2.2 #13| 13.6|13.3| 4.6 | 2.8
#6| 13.4]159] 6.4 | 2.8 #14]|17.6159| 5.0 | 5.9
$4X #7]|146|155| 3.6 | 5.2 33X | #15| 99 |11.7]| 4.1 | 2.6
#8| 13.9]125] 2.8 | 3.4 #16| 13.3]13.9] 7.0 | 5.6

#17 112511471 47 | 7.9

$543 | #18| 13.5|12.2| 5.0 | 3.8

#19]|14.7]114.1| 6.3 | 5.3

BREDFEFONRIDEEEDRIDDUTEEYFMENDTZDE, WRD 28 Hid
17 BT 6 EIFEE (60.7%) Tdholc. RERELT, MEBEXTIE 12/ 6 HIT 5 3, 528A
XTIl 1644 11 BT 7 ZFEE (68.8%) &, SBANDIEFD TKDEEEDEENH T
2o CNUIERBAX OB EEHMEIIICZNC EB—RDKLSICBZ BN, RDQR)DiER%ZE
EEIDE, TOEBEWVWINGL, CNBEXYA T EFELICEEFRVWKLDICERX
Do

(2)KRFEDEACHBITBIEEE : KD, DEOXHDA - Hild, XFKROFVDE - Bk
DEENE<HKEIND. REICHVT, REDREZERIBEICLFANALSNDIDE
UTNBH, FEEBICHITDIENEIRD 2 RTERS : (1) ITHRELL, (2)—Eforh
R TIIR DIERNRZEAL,

BEEDODDRRC(E, RIEREBDFEZDDE VYFOEEEZLLELUIEN, CCT
EFXH (REBUNINRT) ODFEFEDENK (RE) DFEFDDOE VFOFIEZLLLE
U7z (Tables 2, 3). %= ULIED(E, 28 #Id 10 AT, 3~4 EFEE (35.7%) Tholz.
MEEX TIE 12610 561T 4 21FEE (41.7%) , 5RBAX T(E 16 50 5 41T 3 ZIF2E (31.3%)
&, CCTIHEEHDBER EFERD, SHIAXDEDONZEDEIGMMEN DI,

3 RRADKEHSEICHITIERD LA

BRIRERDRBVEHRGERIATE, XOXREDOHBFEN, SKRIGADL (CDNTEE
BAMNTMNC ER TS,

AIAFTDISREH T, YEEXXDE 4 XEHFEB, #8 D "15EFEL" ' HKRIARTHD.
EERICRBEIDERE <Y (Table 4, Figure 1), BEAI(IEEH L THD.

Table 4 @H{RANDEEE 18
W & | ¥ | @& | & "
F1 | 16.1 | 10.8 | 54 | 6.4 | 3.8 12
F2 | 6.8 5.7 79 | 5.2 | 3.0 10

8

M1 | 13.2 | 56 | 69 | 5.1 | 3.0

M2 | 169 ] 6.6 | 13.5] 6.5 | 4.7

oN R~ O

= Z & B

Figure 1 @SRADIEE

CHOMKRZRDE, rDRIOREREEH THEEN LRI DENDS T LERNEDN D,
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EESNEERE, EDFEETBD UBKREDEDAHEMIYCEERMEN, DFEDEWNEDS
[SEB5ENTLD TS,

M EDIRET KD, X DEBRDFTART =S DBEHFECDNTERDD(E(1)DEFFE(C
B9 3EliDHT, ENDERICDVNTEBDEDHTEESBENENSZENDM DT,
ZI2U, AT TR D FzD(d Chao (1968) (CLD 10 DBHIEEDSE 3 DIEITTHD.
CDOXS(CEDHMREETIFZH DN, TN TEREXDERZEENIC, FLFo>EXICH
TIEHBDFBIRITEND T EADOND.

3.2. (EAAE
KRR DDIEEERCDVNT, XA TZEDE Y FEEZFEER (Cr Uz (Figure 2).
ftEEms (F8 ; COFBEDOSEE 24 ¥EFHTH—), 1EEhIR/E ) Z2R9.

MEEX SHBAX
W e el LN TN I'h,'.u,.. i lﬂ\%i\% *-"i.-j‘;“,uh.s"..,ﬁ\
v Al e ';; us:,:'.rﬂ g V1 W Yy,
Sl e A e 1ii Y A
e Sy e T ‘g k”t"", (v ""#\4 h

M2 M2
Figure 2 ARSI

TOHZETMTRD, IROBRAIUNIA TZEEC EICRTHD E, FERASENE
FHNCIAVEGEE EROEENND S ENHERTE D, FABEDL I, BAENKETO)
EWVWS T ERNDMB,

RIS, LORZETRS, IRHOBRAUVEEEXSYA T ECRTHDE, MEBEX N
BAXTLEE Ul &, TOILTDEFFEE (CRK D TRELLERDN, EDFEECHBNTSE
MW CHIBXDIEFSH, EVFEFHRNLEVNSENDODMND, EEXERETIE, &5E

(Denes and Pinson, 1993) &LEER LT, BEEMNBERSINDHREX TIEE Y FESIEN
1 A5 —-TJHx5n3 (Lihiste, 1970) H', FEETEZCDRD TIIRWKLSTH B,
MEEX - SRBAXDEXS 1 T DD E T - FEXELZEE U TERKRIC, DL
XDEFSHEYFEHRN LMD Ie. PEETIIEERMN - BEHRMEIHEOEYFEHEIC
BHRURL, HDVEREHENRAXDE Y FEEEH(CIA<RDEVWDTFEEN DD, X
DEST, IRNDEEHCHEERZTTVIAEREEBHRUENRVD, CORESED,
SEREMICRET UL,
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3.3. FEiE
BUF, 8BE&RI(CXIA T LDiERZRI (Table 5, Figure 3) . I3 S/ THD.

Table 5 XA JZ ED5EE 8
MEEX | BAX R ——
F1 5.9 6.0 2
F2 5.3 4.9 0
M1 5.0 4.2 YDEE ST Bih~4
M2 | 7.2 6.4 Figure 3 XA EDEER

roMERZERD &, SRAXDEINEMERCHDN, TDOEGLOFEES 1 S/
UTFEDITHREDTHD, FLEHECHAXDEFSIZRFELTWNDEE (F1) BLDK
SIC, INTOFEEICHTEFDINDITITERNDT, BDIZITTHIT DIEFEDT E(FR0N
KIOICBRSD

MU EDIREIKD, XEFATCELOTEATDHREE > bR—>3 > DOFR MRS, F
E TR <ERBEETHD ZENDOM DT,

4 f&m
PEFEILREREE(CLD, MEXEHRAXDGZ:H LITEFZANT, FEE> bR
=232 DOEBREEDTUITHRROMIZUTCE EHD

(1) BWXDDHOREAT, FEFTDEXICDWTEERTIODIE, #FEFM(CE T DE
w5 THD T,

(2) ERAFEIE, TZERITREEFRBOMEXLDHAXDIFINLN .

(3) FERICDVTIE, MEEXEHRAXTELIGEVERSNIEM O/,
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C6

BEZEVILNAEICHE T PEFHETOME
B (EREEE A

byun@aiu.ac.jp

1. [FC®HIC

B (2017) 12V U VG EICRT 23S E O EER LA 52N T 2 72 DI BhE D EE
SNTWEHENRTFZA—=FD 5L, VOT, HHXEE (CD), &K (TD=VOT+CD), ZATR&
E, BRSO fo IOV THRF L. TR XU, WInhoRo 2A—42 BT 3
OPASE 2 XBT 5 Z LA TERWAS, VOT, CD, TD (X 3 FDOHHE % 2 2D 7 )L—T7 |2
X352 ENTESH. ELTVOT & CD, HWMIVOT & TD DX HIT2DD/RT A—
B EflABhbEH LT 3 MOMEELZNENONT T —IZHniTbZ R TESL. B
RHIZIE, K1 TRD X1, WEEEnUAOTE (RS - F5) 1 VOT OEWT, i
T EFILCD £21X TD OEWTHIT NS, D0, 5 IEEV VOT, B34V VOT
ERWCD (F721X TD), “FEFIXE W VOT &4V CD (£721X TD) IZH#MSIT 5.

w
o
o

n
w
o
n

w
b
i R

Closure Duration (ms)
>
o

Closure Duration (ms)
>
o

4 H i P P
...... Female Jact ot L L B Male
20+— T T 20 T T

0 30 60 90 120 0 30 60 90 120

T

Total Duration (ms)

Female . Male

y T Y 30 T T

0 30 60 90 120 0 30 60 90 120
VOT (ms) VOT (ms)

Total Duration (ms)
2
o

1. EFREBOERIZESITEHHhTI—E (i2(2017) DX 8)
HEE:VOT, #itéh:CD(LEER) ETD(TER), Rdd a: BB/ KN, |- & 1 K, f BB K

AWFTEE, ERIZRT 2 EBRFENHRICBNTOANTHLINERHZbDTHD.

VOT & CD IZHESEU T, 2 00D/ T A —X BB S T-AlE =Bk L, Yo
K OVREeTE S DR EFERGERE S 2 M R FER 21T > 7=, UL FICZ O A2 #iET 5.
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2. ARAE
21. RIBHF

JREL, 1987 FAEEND Y NS ERE (B BFEELIZEEO lTak*a (0] Th
5. R EEEOFHFICTHNIEATHETHLEDLELTH D23, Oh (2019) 1F, WE & FE
DG, ELLEFE S THRRICITEEL RN E2HRE L TWD. K TIILDEEE
EZTICHBIECETLONRELESTCOTREZMEH L. VOT O#{EIZIX Praat ©
manipulate $§REZFIH L7223, 2 555 O 9 HIEIZEMIZ L 0 N—R O3 58 < 72
DX CTEEOFANRHIC L, FHITRE LWE KL 6N BENEL RNV T
R L0 o7c. SAZEFTIZ LD, VOT B{EDT-DIZH HRREOR S D VOT DNLETE
S2T=MHTHA.

VOT & CD OiiglE, 2 (2017) OfEHREFEIZ, T 5~85ms, 40~240ms (2RO T-.
B2 1% 1990 FRAFNDOFEME M) &4tk (F) OFEFEBRETHD. K11 1953~1999 4
EENOFEEOFRERTH 205, SEIOEIERIZSINT 2 3ME % 1990 (FRUFEEEN D
HHFAPRE L= THIEE OIE S 1990 HFERAEEFNOFEE OREEE BB L. JFED VOT
I% 25ms, CD (X 137ms T& 5. CD IZ 140ms (& L T DEEABIME L=, £33 VOT %
10ms [EIEC 9 BEREIC B b S/, Z D% CD % 20ms [MFE T 11 B2 b S ¥,

240 s

200

180 . -

160

140 : : o)
120

5 100

15 ; i : i 60

M-k M-k*  M-kh F-k F-k* F-kh M-k M-kh  M-k* F-k F-kh F-k*

VOT (ms)
e
&

€D (ms)

240
220
200
180
160
Z 140 n REOME
(ﬂ.} 120
100
80

60

40

5 15 25 35 45 55 65 75 85
VOT (ms)

2: MOET/ak*a/DBFITENE (1990 FREFIDOYIILAEFEE, 8(2017) AR
22. &mE (BH)

VIV OREEE CEENE o7 1990~2001 FEAEFENDF 4 34 4T, EERFEATH
5.
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23. FlE

EERIIRKFOMILE T, Praat ETITo72. SIEFIT A~y RR— 2O 5 5 &2 BE
THobbifnEEbILD bDE/NY 2 i RICRRSND N 7 VRGO laka) [akha)
lak*al 225H 27 U w7 LCTERS, FMEIILETHOHNLS HIC 2 BE THEEET LN TE
5. BB ZMERTCGEIIFEENTEDL L OITRE L. KERIZHEL->T6fllafioT
AREER LR U TR 21T o 72, ARERRIT 100 1 GHEEF 99 M &4 I —1 /) <, 25/
T LICEVAE R B 5. [BIEICHIFRIERNER T TN O EITR 7203, D)o 7= I
FEWATH 5 SUNTH-72. FRIOT 47— b CTHACHEBENH 5 & @5 Li-smaEid
WienoTo. BINFEITITERZRICHFILZE LT,

3. R
31, NS A—FRIFER

X 312 VOT, X412 CD OfEREZRT. K3 TRDEIICVOT BNEL 251F EIME D
EREN LRV, HIZ VOT BDEWVIEERED DWVITEEOREEN EAXDL. BE L EEIX
35ms LU ECIXME ORICENMEE A LRV, WZ DORIERICENHD DX 25ms LT T,
REORERITFEEOZN LV EL By, i L IRE1E 30ms 2 EAWVITHn T
0, VOT BN H LIRS HXBT HEERNRNT A= THDHZ ENbNS. 2FV, B\ VOT
THITHE, F VOT THIUTREFICELENICFRESND L 545, 1272 L, &S VOT
DHTIENES ETRESNDDICH LT, EEILE 2 & HEW VOT THIREERIL 7 HIE
JEC, VOT 721 CIREMDFE TE 2 IR 57220 (M3 Tl 15ms BLF CRIERIZIZFE AL
LAY . P L [FERICE VOT IS T A EE S o & b8V VOT TORIERIT 3
FIFREE T, VOT 2 OREITRE LY S OITHENRED 5.

100% 100%

o

of mf of

80% 80%

¢

H

_60% 60%

o]
%

D
° ¢4
H]l:}?lglﬁﬂlli

40% 40%

+

20% 20%

0% . YO - P o YN

0%

5 15 25 35 45 55 65 75 85 40 60 80 100 120 140 160 180 200 220 240
VOT (ms) CD (ms)
3: VOT ORIE R 4: CD (FAHRER) D EE =

X 4 ® CD OfERAZRE 5. FHEIL 100ms L FTHAUL, CD MEWIE ERIERD L
%. X4 TEY FHEVMERT 40ms TH DA, 40ms B THEHEDO 7 7 713 EEicizo
THEY, ELICEWVETHIURRIERIZIEDICERD Z R TREND. 20D CD OfEHR L
AR D VOT OfFRZGEL &, YEEDREICHNDLLFEER/NNT A—=ZTCD THY,
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VOT HbFNRNDICRDEFZEI THD. REIELCD BREWIZEFRERD L3 DI &
LI, THUNE ZDHDIEBLZE 160ms £ TT, Ll EIFREL eo THRE R iT 2.
5 80ms UL ETIXFRERICH E VD 20372, CD OFFIL VOT IZHA_RTRWEF 2 &L
9.

3, 4 DFERAIS L L, WEFOMFIITEICEWD VOT MWL S, EEDEEIC
IFELN VOT LRV CD AW OIS, EFEOARIZIZRE W VOT &4 CD BHWHLS.
3.2. VOT & CD D#iAEHEDHER

5, 6 \IZVOT & CD ##AaEbE -3 RILY 7 7 27 . HfliiX VOT (ms), #it#lix CD
(ms), HENLORIFFAELELZET. M5 IEFEOREEEL 20% MR TR L. X6 1X
VHEAEORERT, FEOTEHDR 50% D/, BEET 5135 L RERN 50% CTH
EOGETHD.

R |100-80%)| 79-60% | 59-40% | 39-20% | 19-0%
=52y
=E FE BE
240 240 240
220 220 220
200 200 200
180 180 180
160 160 160
140 140 140
120 120 120
100 100 100
80 80 80
60 60 60
40 40 40
5 15 25 35 45 55 65 75 85 5 15 25 35 45 55 65 75 85 5 15 25 35 45 55 65 75 85

5 BEFEORER

FiRE L:FE A

A

RE# (100-75%| 74-51% | 50%
=l

A
A
A
A
A
A

> > > > > > > > > >p

A
A
A
A
A
A
A
A
A
A
A
85

5 15 25 35 45 55 65 75

6: 3EDFAHETORER GEHRAETOMEICETHHTI—1H)

5 TR2XE91Z, BEITE WV VOT EEVCD, FEFiEE W VOT S48V CD, s 134
LT 55ms LA ECTHINIECD &R < VOT OATHR I TS, 6 TIIHTHDA
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73U — ORI ERfRE R Z LN TED. VOT DiE mf@ﬁk%nu%@%ﬁ

(EE L ¥E), CD OEWVWTEREE L EENRMNISNTEY, ZiudX 1 TRIZARKIZE
éw%ﬁu~ﬁk—ﬁﬁé.:hmi@%¢@3@@%ﬁ%ﬁ,iﬁ,ﬁﬁmwfm%vor
& CD DEWVWTRAIEND EE X 5.

33. NSA—ZADEEE

[FEIZIBT DK /T A —F OB RN 2 RET 527202 EHe VAT ¢ v 7 [\l
T AT > 7= (RStudio f# ] Version 1.1.456) . 43#HT1ZI1X R (R Core Team2016) D73 r—
nnet @ multinom BA% & 7=, FEAZE0E VOT & CD, HWAEII 5/ (E, BE

BED3R) THDH. VOT & CD IFH ML EIT o7, ZRIT IV — X HETHS.

K VICEIRGATOMR, 2104 v X EEHEXMZRT. £ 1 OFKKL FHEEME) X
TITADETHNISR I 7T T —THHWME I L RS E2IEEICRE SN DR
N, YA T AOMETHNEIBRBA T ) —THLHBFICFE SNDEEREHNT L%
KT, Fio, TTRA, v AT AOFEEROE (Kl ZTHEHNEB~OFBORE S %
F9. BARMIZIL, IRED CD OREILT 7 A O CREIZHEE SN DMHEENE L, RED
VOT & 5D VOT, CD ORI~ A T A DTEBH T T —CThHWEFICFRESND
RNV, REOMIMENOIX, WE LIRS, ME L FEOMRIZIZCD LV H VOT O
WS (B vs 25 1 VOT D-0.073|>CD ?[0.011], #43% vs *E3 : VOT DJ-0.077>
CD ?D]-0.047)), #EF L FEOMFEIZIZIVOT L0 H CD DEBENNRNZ ERbD (BE
vs ‘- 1 CD ?[0.011-(-0.047) > VOT ?D|(-0.073)-(-0.077))). 723, VOT & CD @ P f&iZ\ 4
NbAETHD.

® 1. BEODATAYIEIRSTDRER

=8 (B8 vsiEE) FE (BEvs T8)
®R¥L RERE zI{E PfE REBL BERE z(B P &
Y1/ -0.843 0.060 :-14.141 <.0001  -3.381 0.174 -19.405 <.0001
VOT -0.073 i 0.003 -27.611 <.0001 -0.077 : 0.004 @ -21.283 <.0001
CDh 0.011 : 0.001  11.077 : <.0001 : -0.047 0.002 -19.175 <.0001

& 20 FyALLEIEHERXE

=E (BE vsiRE) FE (HE vs £F)
AyXte 2.5% 97.5% AvXtk  2.5% 97.5%
Y1HF | 0.430 0.383 0.484 0.034 0.024 0.048
VOT | 0.930 0.925 0.934 0.926 0.919 0.932
CD 1.011 1.009 1.013 0.955 0.950 0.959
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T, BRI EDL BWEENNEOINE, £2 04y X HEEH) LoHET 52
EMTED. Ay RHIF 1 2T 1 KO REWGHIIEFEONT AV —, 1 LO/hS0;
BEIZRAT TV —ICRIESNAERERT. 2FD, BEDOCD OF v AT 1 L KX
VW 1.011 72D T, CD NEWE EWHHE I L TR B IZFEE S AL MEEN 1.011 5@, £72,
Fy X1 XD/ SWRED VOT &FEED VOT, CDIE, VOT £721X CD BREWIEES
A7 TV —ThHWEICFESILDMERENENLI 093 1%, 0.926 {5, 0.955 fFFEW\Z &
2725, Ay X, AR EGABOLEIE T BAES 2L OfNsic/2 20T, #
FHLRETIECD 28 Ims T Z L ICHE L VIREICHE SN DR 1% L g c
5. VOT 1L Ims $§9" 2 L ICHRE L 0 S IZRE SAVDREENK 8% 3 (MEIZx LT
BFICRE SN DML TH S 0.930 OWiEk, 1/0.93=1.075). FAEIZ, VOT & CD 723 Ims 4
T T EIEFICR L COEEF I RE SN DRI NZIU 8% & 5% 7 (VOT : 1/0.926=
1.079, CD: 1/0.955=1.047). & & FEEDOWE, VOT & CD 23 Ims #3 2 &I FEFITKR L
TRFICFE SN DMRIZENEIVN 04% & 6%127:% (VOT : 0.930/0.9261.004, CD :
1.011/0.955=1.058) .

4. F&O

PLE, ARRICET 2 BB MRICBNTH A TH L0 %, VOT & CD #XEUTH
L7z, FERTHLMNMIR 572K 918, VOT & CD IEARK & RERICHRICB W THL AR
RTA=ZTHY, h7 3V —MOMRAERR G AEROSS L IZIEFRETHSH. LT
IREREE LD 5.

FERICBIT D 3O, VOT & CD OMAEDLE T, £V VOT THIUIMS, &
W VOT &V CD THIVUTIRE, BV VOT LW CD ThHiIuX g MR Ind. Mg &
B, WS L EEICEIT S VOT OBFIL L bIZ 30ms AifE, WME &g, BRELEECE
\7 5 CD OHESITZIE 4 60ms Fif4, 100ms L Th o> 7. Z ORI O ZE OLA T,
HOZE S LD VOT REVWIEY, HX ST CIIRR2VES. ZHa VAT v 7 BIFGHTT
IFREL B DIl & A XD D 5K /3T A — 2 ORI IOV Cilkim L7z

AHFZE1%. JSPS KAKENHI 17K02685 DBk 22772t D Th 5.

ZE Xk

B (2017) TREER Y UV EICR T DR P ISE OF @S [EHTE] 21:2,61-79.

Oh, Eunjin. (2019) "The effect of base token selection for stimuli manipulation on the perception of
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HASEY IIIVASICETABERREDHLOLVEE/NFA—FDRE'

(g dAT - (R RSR)
1. [FLHIC
ARETIE, PfFEY LTS (LT, YUVES) OMEEEZMRIC, BHEICBITS 3

RINFE CEE - - IRE) O E2XAL5EEFME LT, 5 XKEOmEBEEA
DUEERR S DEE (NU—) 2R 5.

11, FELEHEOMIULZEXZAHTEREY : £1THE

FAERE DR ZT I, T, t K, Bt th kY, BB, U, K/ E VD 3 RINDRINI B
L. Zhubi ,mﬁmu%fiﬁmfﬁﬁgf%ﬁﬁé EMD, INLORNEKZD
ﬁmﬁ@ihﬁ%’Fﬁ >SEFE ST OIEICEWV VOT & SNTE. &2 A7, 2000
G A /7»%z?i$ﬁkﬁ O VOT PEEL TS EEEIND LHITRD
(&mnméﬁk)ﬁk)%ﬁi%%&%D\MT@m%%w&mo Sk cItiE LT D,
FIT, HEBEND X HITho7-min, FEEEHL J&ﬁu?‘él%@ FO CH 5. FBEETH
DEFRBIE, 1 FHEE 2 FHOES) TLHY, ¥ - 1Y - BEE chHE THH)
Tﬁﬂé:k#%,1%&&%;kw1%w@<ﬁotvor_ﬁb@,_@Foﬂﬁgk
WEORBFEFBIC 2> FESND K2Ry, BE, ZABES ZIFANLNTND.
LA, FOIZOWTHRE T — X 2 FHT 5L, L EEETRUS (%EF - R
) L TCEINANER ST, FARICEZR > TOD0, REE 0T — % 281595 &, [F
F & NEE BT ONMAOENNSL, SLITERIFERE LD, TD XD 72wk
BRI & - T, 1EDOMBREITH AT, FO N EE & T ORI 2 (R OF B MIC 2 0 12
<w&%z%mé ZIT, KWL TIEHIL, FEEEMEOMLE XX DEERME L
TTH (VOT) XEOMEERy DBIEEAE AL, Z ORI EE & E O RN S
< AIRetEZ R,

12. TERARBFHOBRERDID/NAT—] EEfFIM?

[(RT =27 V) LiX, &HEOXBINCED X5 RERER S B3 E T D D)
ZRLIZHDT, TOXMEWMAET DB O E TR0, 0B bnDd (K
B [E» 2016). [LRHEEA 7 (2014) TlE, AR ELIFTELRY, BEHFOSHTEHL LD
D, NU—=AX7 MLOBIEZE U T, Fi LIS Tl 4000Hz-6000Hz {1 DM ﬂm
NRU—DRESICEDCRHDLZEEZHALMNC L. UL, TOMERS O/ T —ENN

BXEWN TR (7oL 21X, FEBRWBH S OH) 2D, Fifii LT\ b DD,
ZDOHETIIANY — ORI ZE L Z BRI Z 2 2 LT TE R o7z

U ORFREEIT, HRAMNEEE R L L3 SC o B —E I - TR LT b D Th 5.
F77, ARIEFEO—ERIL, JSPS BHFE JP19K00597 DBk A2 51T 7= D TY.
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1: VOT RREID/ST—RARHKM)L (L& 2014: 129 E 7 BIB. £:8F, A FF) xxnsszzen

T I TABE T, BEEECFIROME RO =R E XN TE S AL T
DOPEBCRZ D202, F5XME 10ms Z & ICXGIY, U —DHERBEBIE L2k T
Y. ZZ2TO TE B OS5 08T — ] L1E [6000Hz >% 7000Hz % TO
MK OBEE R O E (BAL 1 dB) ] OZ L THD. ZOmmBEEREITET, BRSO
BCHEMATHIHMTHD. FASMEBOENDDLEZ HMEE RSy OENEZBET HRIELS
2O, BEE LS LERT HRENEND & E&d. =& 21E [/OlREX 2500Hz O
— 7B L WD DITHE L, /s/DIEEIE 5000-8000HZ DT R /L F — B — 7 [TKFFE LTV
%] (Kentand Read 1992: 124) L\ 95 . ARFEXRTIIMWAFTITBWN TS, Z OB EE O
BT DIENDAT LW DRI & K2 D BRI &é&%i BENRT A= L LT
AL, 20, WEEOTE (VOT) KM OME Ry #8557 5.

2. EE&
21, #HEE

Y UVIHE T 1982~86 A END 44 (ZMEFST K, FS2 1K, FME : FM1 KX, FM2 )
EERE (R 1) & LTREERETo7-. T TOWBREOEHN Y 7R (R,
= (A Fay) Bgm) HETHDLZEnD, WHREIIKEBETEENTL Y L
HExEER LTI EHRTES

® 1 HBRERER

welRE 4 | R AR SO B i REHLH S

FS1 Tk 1982 4F TESE~13 Y TV VA%

FS2 L33 1983 4= FUESTE~20 1% Y TV FUSTE~20 1% TV
MS1 Bk 1982 4 =1 Vv

MS2 Bk 1986 4 A% )1~20 1% Y 7 v

140



22. EBREBEXYIVTEUTUR

FERFEIL, #—7 v bE () Op,ph,p/ (LT, P, it/ (LLF, TH), /kkhk/
(LAF, KE) 2SFEHEICH Y, ThcEeE (V) jfa/Zllaa bR EE/CV/O 1 HEi
7% (/pa,pha, p’a/, /ta,tha, t’a/, /ka,kba,k’a/) ThHDH. MENIHAGOE 1 THFETHD
2, FEHEE (& 203, pra/ (F/RF) 72E) bIEETD.

Xy U7y T AT 7Fobd A ZolQ. (/_ kaaninkotkathayo/) | (I TiEZwn
ERWET. ) OTREDICERFEEANTZLD (LT, EBR) 2REFELTHLLoT.
FhREE (TRERY) ISkt T D/ka/lZFEEBEITH Y, ERFEL 272> TWb w2 s
BMLTWD., o, EEBEE (1 &) (S ERBE/ka/ RS OV SCHiBN A2 THEE) SREST
LiZT 5.

sk e ¥R, FOUNERBERFE R FERENOBTEL VU LTHTNICH DT A ¥
A TITo (G, 7Y 7 L— b 44.10kHz, 16bit ®11b).

PRI, FEBRGEE T X LRSI LT E RV A MEEL, EhEGA LT THEL I H
KNTITo7e. RFICEROBEMIIEAT, HEFERFOEERL LT, 1) 1 ETeZ LI
BERIEZ AN, EEOXE B TiEhna b, 2) EBRLA@RP CRY -7 0 iR L7
DEFICI LE LTHRREETHD L O IR L. 1422, 3y MioZk. 14
IZo& 277 —% (OFEX3 'y ), 1087 —% (HRE 4445 HINE LI

2.3. BIEFIE

WG OF LS (P HE/p, pY, T A, o/, KHH/K KY) 22X, FEEO-FXHEICE
I} % 6000-7000Hz K OWEE Ay D /3T —Z k% 10ms T & ZHIE L-. [FHF XM &1
['VOT) (N—=R MRERMN B R A AN—DORLAR R E TORXME) LR CKHETH L. BEIL,
VOT O E 23 10ms fiith L7\ Wiz OB Z(LABIEE LI Wb 5.

TR O - JEICIE, Praat (5.3.57, 5.3.64, 6.0.28, 6.0.39) 35 L T* Spit Editor (0.5.0.0)
(PERERFN « 28F32{L 2013) ZEEMH L7z, FIRITROEY TH D -

O Praat i > T, KFERIED VOT KEDOAHDEFR 7 7 AV (wav TER) ZAERK.

@ @D 7 7 A% Praat @ Filter (Pass Han Band) MEEZ{H - C, JFEkEE O &0
% 6000-70000KHz |Zf5E L, i L7=E5 7 7 AL (wav B ZAERk.

@ @0DFHEFRT 7 A /% Spit Editor IZFEAIAFK, 10ms Z &Iy Fv—27 & AT, /3
U—RHL, 777 (fEdh XU — (dB), Hff#l: VOT (ms)).

it TdB) 13 HEOHHMETIZAR L, MR LLTHS. (TLDOEEHKYE] L
U CRMEEURS D LU N2 L 0T dB IRV, By, B9 591D, BRER A AR
BT D LD THD (AR — 13 2016: 113). AFEETH dBEIT/NT —DFXAYZR K
INDEEIZHVSD . 10dB OZEIT 10 £, 20dB DZEIL 10265, ©F D 10075 & 70 5.
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3. BR-BEE
31. FERRBIZETATELHEOERARMTHDOBREERSD/NT—LE  [TEHE]
21%, FE/pa (FEH) LHEE/pra (RRR) OF & XH O m BB O T — % g
L7777 ThHY, BPREIZOER 3 BIORKGET — 4T X TEZ/RLTWD. ftihid
U— (38X) (HAL : dB), MEhI-FXMOES (BAL:ms), 2F Y VOT KETHD.
HIX[H 0-10ms DN 7 Z 7 OFEd [0ms) (2712 y hSvb 72, T0ms) 1377 7 ki
e, F, FEXBOREOEHSIE 10ms £V EWEEE, &Y EF ey FLTH
L. Tl 201E, FEXE (VOT) 2% 87ms Th o785, 80-87ms X[H D /3T —fEIE 90ms
FPRICT By hERTND -

730( B). - r . r : T T T 30 ("“2) T T
FS1 K FS2 X
-40 -40
______ <
-50 - o -50 —0ra

-
@_4_:::‘45"—

pm————

-60 -60

70 > -70 ———)
-80 80 - ———
—me—e—p

90 - 90 -

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

(VOT:ms)

50(dB)_, . . . i i . i i 30 (dB)-,

MS1 K MS2 K
-40 -40
-50 —- - < -50 —a

a
-y ~ < -

-60 —W\ N 60 ez=T T IoTs<

- v~ | | Tteee—=-alZ —a
/ i S

70 ‘V@R 70 o'kQ/ 4 ———a
-80 -80 ~” ===
90 90 -
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80

100
(VOT:ms)

2:FERMICEITHE A KRB FHOBET S D/T—LLE (F&/pa/: R, BE/phal: m#R)

FT, FS1 (K2 EBEAEZZ7) IZHEAT DL, BREIFD 0~10ms 7> b4 THRFE T,
B 50ms REALCIETE (FEHR) 23-56.43dB, W#HE (AFR) -55.85dB & 721X Th 5703,
WL EEOT =2 IHEeD T L, WIT NEE<HE] 2R>Tn5. MS1K (FE
7T 7) TiE, 10ms FEE TS (ER) 17 —423-60.82dB, 4% (Hk) 0157 —%
73-70.35dB & R LTV 528, 20ms LIRS CIZT — 4 WNE2H 2 L7 EE<ME) Z2HF
STW5., F2 K (EBAZT7) & M2 K (FEBEAZT7) T, WE (G5 37—
ZDHL 2 T —HIXEE (FEHR) OF—X LERDHZ LiTR, HHRE 4 4T XTUTBW
T DEE<HE] OHAPBEINS. ik, HEMEICERR L, FEROERTH S -
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20 (@B) —
. [MS1EK P ¥8/pa, pha/
50 se==" - [R—
60 —-':,’:N:"‘::,<::‘1> ——
70 _OVG - ———ra
-80 = e = p'g
———p
90 |
10 20 30 40 50 60 70 80 90 100 110
(VOT:ms)
30 (AB). i . i . i . i . . [ 50 (dB), . i . i i i i i i :
MS1 K T ¥H/ta, tha/ MS1 K K ¥/Kka, kha/
40 -0
50 ’5:’—--=-‘-\::‘ —_—

- kg

-80 -80 =t

[
-90 - -90 -
10 20 30 40 50 60 70 80 9 100 110 10 20 30 40 50 60 70 80 90 100 110

(VOT:ms)

B FERMICHETHERARMFTE/ NAT—HLEKR(MST K, 5 2K, BT 1)

B4 31X MS1 KIZE D PHEp, pv (BB, TH v (FBA), KEEk kY (FEA) OF
JE BB O Ry DX T — il 7T 7 T D . VOT 23 10ms 2> 5 40ms 1F £ F T, F
FOER) EWE OR) BERDZENH DL, WEIEL VOT # AT ICoN TFE &
D7 (EHE<WEE) ZROVDOELIICKERANAT=DPEH L TNDLZ ERbd. ZOX
D IeMEE Ry D8 T — DRI 7R B X 1L, NT—ART ML T W,

32. BRR¥MTHDBEERSD/NT—& VOT &D1EE

BLERVEN DX, Z 0@ BRI OME Sy D/8T —D K& S & VOT [T W &
Thbd. mEzlE, R2OFS1K (EEAETT7) ER3OMSTK (FEETT7) O
FAAICER T2 &, MR L7z VOT 330 (R 1IZHAT, Bl () RRWICY
b b9, &R DM R 08T —d TEE <HE] 2o TWn5.

FF L WE T VOT [EAEE L TE TV D (Silva 2006 1E0%40) 2 L IIAREROT —
A LMERTE. Lo, VOTEIZEN 2, F7EER - izl T\ T (VOT 23
W =), FEEMECIEE (VOT) X O & EEEEIR OS5y DT —h3 e
STWD., NU=RNERRD L) ZLiE, HEROAOHANRER-TEY, Ko THED
ENDHEONRL S TVDLEZLEBERLTND. VOT N EFLVEWEATYH, METH
UL S EE R DOMEF RS D ARNT =N RENWZ LS, MEFORBFICHNbNRS Z &0
2 TRE] TREZHLS, <] EWVo o EFRNRREIE, VOT X0 b, &EEREHE O
MRy D RT =R EF LD b RX NI L, DF W BFEAOEY, 5 OBEEMNEE Ot
SAZRHE LTV D AR m W2 EREMTE 5. Lo C, VOT fEICHBER 2 <, FH -
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WE &) XL CTERR - TEIE I N D & B ECT IR OMEE Ry D /8T — Ly 5 FEE T R
— XL, TOWEDORNE L 2D, HDHWITHI{LT D (enhance) BEFFHMTHLE S 2 5.

4. BHYIZ

AELRTIE, YUNLNEFICBITLEHOFERLE X220 58 E LT, FEXMD
BRSO IR OB By DR T — 0 ) BEERT A —F BB LT, FBENME ThX
VOT OESIZrnbbd, EELID LR —=RREW., ZOMREE2EZETDL L, FELH
HEOVOTHOEENEATYH, O/ —DHNTT DENT L - TEE & ¥4F ORI
To VT D ATREMED B 5

41. 3RIFEORIERDOVAT LA

K%ﬁ?ﬁ*bk,%ﬁﬁﬁ OMEEERy DOT —F %, 3 O35 R8 CEg - %

) O AT LRI LI ORK 4 THD. TRbL, TVOT] ICk->T
MeE) & T2nlst], TF0) I2k-T I
1oL TENLS, AEHRRE L [EEK
B OMEE RSy DR —] 1IZXk - T HE)
B v gD O 4 S VA T I s N A5 ' vV /AY 2
HEDID, Y UNFED3RY CEE, ¥
B, RE) OXIBHERES LD, ZOMEER
ORI —DFBERT A -2 EHBETHZ
LT, EELHEE O AL, 3 RIID
FHERMNLY AT ANE D LHHTE .

0 25ms 4:3 RINFEDRILAT L

42. SHDORE
Z DM RS @%@i/vwﬁmwioa P EWME CIXIVOTENEE L TETND
FEDOHBESNDDEA D M. PEREICITEMEF SO L ICEIKT 7'y b &R
ﬁé%fﬁ#é S, HE ﬁfﬁﬁémﬂﬁﬁmﬁ@@iﬁ YDRT — L VOT & D
WD L, HFEHEAGO SRR ORI E 5 TELLEERD.
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