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osure Duration (SCD), and Harmonic Amplitude (HA) in four
adults :n age from 30 to 34 vears and four native Korean
from 5 to 7 years. The experimental results show that the
nting the [Constricted Glottis] feature distinguishes tense stops
spirated stops, and that the short SCD characterizes lax stops,
1em from tense and aspirated stops, (University of Delaware)

ce Onset Time, Stop Closure Duration, Harmonic Amplitude,
ttis, Spread Glottis.

1. Introduction

Since Lisker 1
Voice Onset Tin
the beginnng ol

md Abramson (1964), it has been generally assumed that
ae (VOT), which is roughly defined as the duration from
- stop release to the voicing onset of the following vowel,
is the single mcst reliable feature to differentiate among stop conscnants

with respect to both voicing (voiced and voiceless) and aspiration

{umnaspirated and aspirazed). In some literature (C.-W. Kim 1965, Han and
V/eiltzman ].970),} however, it has been pointed out that VOT cannot be a
cue to dislinguish Korean tense stops from lax stops in that these two

types of stops share a portion of their range in terms of VOT values (see
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W. Kim 1965! 347). As an alternative to the VOT analysis,

5) reported that Stop Closure Duration (SCD), which is

- as the duration from the beginning of stop closure to the
op release, is a sufficient cue to distinguish Korean tense
other stops.l) In this paper, I argue that the three-way
rasting voiceless stop consonants in Korean cannot be
v a single acoustic cue, such as VOT or SCD, and that
differentiated by the combination of multiple acoustic cues.
senting several types of acoustic cues, shows evidence of
from phoretic and acoustic experiments of Korean stop

consonants exhibiting three-way phonemic contrast.? [ measure physical

values of VOT

srears and four

order to investi

rneasure Farmo

the vowels adj4

«. Perceptio

According to

1978, 1980; Gan

of stop conson
order to investi
to produce the
parception test
saibjects partici

and SCD in four Korean adults in age from 30 to 34
Korean children in age from 5 to 7 vears. In addition, in
gate the laryngeal property of each phonation type, I
!nic Amplitude (HA) representing the acoustic properties of
cent to stop consonants.

n Test

previous studies on child phonology (Macken and Barton
dour ef al 1986), children acquire the phonemic contrast
ants in the production of their language under 5:0. In
yate whether the selected Korean child subjects are able
dhonemic contrast of Korean stop consonants, I took the
of Korean stop consonants produced by adult and child
pating in the production test. Eighteen Korean adult

|

]

7.-1. Han (1994

as geminates of

Glottis] by Jiemin

2°). Accordingly,

from the other sto
bv the preseince of
tke surface repres

’Lisker and Ab
languages includin
where voicing co
cennot separate st
ard these phonems

) argues that Korean tense stops are underlyingly characterized
ax stops, and that they are assigned the feature [Constricted
ate Reinforcement in the surface representation (J.-1, Han 199
in Han's framework, Korean tense stops can be differentiated
ps by timing units in the underlying representation, and further
' the feature [Constricted Glottis] assigned to the tense stops in
mntation (see ]-I. Han 1996 185 for discussion).

ramson (1964) examined the VOTs of stop consonants in 11
g Korean. Korean, among these languages, is the only one
1rast and aspiration contrast, either singly or conjunctively,
op phonemes because Korean stop phonemes are all voiceless
's cannct be separately categorized by aspiration.
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nales and 8 females, who did not participate in the
participated in this perception test. None of the listeners
g disorders. For this perception test, six words consisting
. triplets were produced with the carrier sentence by the
subjects, as shown in {1).

Vords
ot’ o"al ‘hand’

t"al ‘mask’

p’alle ‘laundry’
t'al ‘daughter’

- Sentence

__ -(i)ta. "This is ___

en  pal-ita ‘“This is a foot’

on'

e made in a sound-proof room, and recorded sentences
» a computer. Sentences were digitized, and test words
from the sentences using Signalyze version 3.12. Test
-recorded. The Sony digital audic tape-recorder (DAT)
1sed for both recordings. The 48 stimuli ((2) groups x
(6) words x (1) token) were presented to the listeners,
vords were played from the digital tape over the Sony
vhone to each listener in a sound-proof room.

3 test show that the percent correct performance in each
of each speaker is above 60% that is stgnificantly

hance level 33%, as shown in (2).

tification scores (in percent) for Korean stop consonants
sponses are underlined, and chance level is at 33 %)

Child (Grou

»/ Adult Group

S:amulus Phonermes Response

D D B t t t"
v/ 74/86 0/0 26/14
Va4 in 97/99 0/0
/e 18/14 0/ 81/86
/tf 78/86  0/0 22/14
/t/ 3/1 97/99 0/0
/Y 2513 0/0 75/87
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The resuits i#l (2) further show that the overall pattern of percent

difference between adult stop consonants and child stop consonants.
What this test| shows, therefore, is that the adult subjects and the child
subjects uroduge the phonemic contrast of Korean stop consonants in

correct perfc?ilance in perception does not exhibit any significant

‘he same manner, in that the Korean adult listeners can identity
phonemic difference in child stop consonants, as well as in adult stop
consonants. This result does not mean that no physical values of
acoustic rroperties characterizing stop consonants should be significantly
different between adult group and child group. However, if an acoustic
property 1s the single cue to characterize Korean three-way phonemic
contrasting stops, its physical value of a phoneme should not be
significantly dz}.‘ferent between adult group and child group producing
the same phonemic contrast, and its physical values of different
rhonemes should be significantly different between adult group and child
group, as well as within each group. For instance, if VOT is the single
cue to characterize the phonemic contrast between /Y and /fp/ in
Korean, the VIOT physical values should be significantly different
between zdult /p"/ and child /v/, as well as between adult /o' and
adult /p/ and between child /p"/ and child /v/ because both groups
produce tte same phonemic contrast. Therefore, in the next section, I
compare the physical values of VOT, SCD, and HA between two
groups, as well as within each group, in order to investigate whether
each of VT, $CD, and HA can be the single cue to characterize the
ponemic contrast of Korean stop consonants.

3. Experiments of Production
3.1 Data C:llection and Reduction

Each grcup® consists of two males and two females. Speech samples
consist of near-minimal triplets of the three-way contrast for Korean
word-initia. and| inter-vocalic stops. They were produced in the carrier

sentence, iben _|___ (i)tg 'This is ___' for word-initial stops and ku-ka

‘Adult suliects are called SH, TW, MS, and SJ, and child subjects are called
TH, YK, YJ and }TlY.
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___ seyo 'He was __' for inter-vocalic stops. A complete list of test
ars in Appendix. Like in the perception test, recordings
1g Sony (DAT) TCD-DE& with a high-quality microphone
in a sound-proof room. Subjects, sitting comfortably on the chair, were
recorded with the microphone attached to the front of their clothing
approximetely 15-cm from the lips. All recordings were completed in a
single session. Each child session lasted 15-20 minutes, and each aduit
session lasted 10-15 minutes. Child subjects were cued with index cards

sentences appe

"Were mace usi

(:ontaining test| sentences and pictures, and adult subjects were cued
with index cards containing test sentences. Total seven tokens for each
sentence swere obtained from each subject. All recorded data were saved
i1 a computer using Sound Edit 16, Among seven tokens for each test
sentence, :he first and final tokens were not taken in this experiment.

Therefore, the

otal number of stimuli is 720 ((2) groups * (4) subjects

* (18) servences
x 4 subjects %
Aimplitude (HA)

x (5) tokens) for VOT analysis, and 360 (((2) groups
(9) sentences?) x (5) tokens) for SCD and Harmenic
analyses,

32 Voice nset| Time and Category Mapping

Subjects productions were analyzed using Signalyze version 3.12.
Wide-band spectrograms were made. The analysis parameter was set
as half ra-ge (0-2756 Hz), pre-emphasis, no log scale, no smoothing,
FFT for the spectrograms. VOT values were measured

ung of stop release to the onset of voicing® in the

and no floating
from the
fcllowing

teging
yowel
VOT
waveforms simu

in both waveformms and wide-band spectrograms. [
rreasured twice for each token, examining spectrograms and

ltaneously.®?? When the difference of two measurements

‘1 measuied only inter-vocalic stop consonants for SCD. In contrast, I

maasured H4 of

the vowels following word-initial stop consonants. Thus, nine

pessible types were measured in nine sentences.

Following Silva
prosodic ene-gy in
*There arc¢ some
and Barton (1979,
a spectrogran. Wh
or less than Jms, t

(1992), I measured the onset of voicing with the presence of
the waveform and a voicing bar in the spectrogram.

ways to achieve the accuracy of VOT measurement. Macken
980) measured VOT twice! on a Tektronix Oscilloscope and on

en the difference between the two measurements was equal to

hey were averaged to give a final VOT. When the oscilloscope
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was less than
value for the t
identified and ¢t

The pa:terns
5y line g-aphs

[oi

3ms, 1 determined the mean value of them as the VOT
oken. And when it was more than 3ms, the problem was
hen resolved by remeasurement.

of mean VOT values of word-initial stops are presented
for each place of articulation in Figures 1 and 2 below.

(3) Mean VQTs of word-initial stop consonants
a, Adult Group
Figure 1-1. Mean VOT of labial stops in
adult group
——3gH
_......
%‘ TW
. < MS
p p' ph
Figure 1-2. Mean VOT of alveolar stops

in aduit group

~4—SH
——TW
MS

t th

and spectr¢ygram
identified arsl ther
analysis, or. the

number) were mé
less than 3ins, th

measurements differed by more than 3ms, the problem was
resolved by further instrumental analysis. In Davis’ {1991) VO'T
ither hand, a subset of the data (roughly one-fifth of the total
asured wice. Because the difference of two measurements was
> first values of all data were selected as the VOT values.
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Figure 1-3. Mean VOT of velar stops in
adult group

b. Child Group

Figure 2-1. Mean VOT of labial stops
in child group

\

A

I“igurne 2-2. Mean VOT of alveolar
stops in child group

—— TH
——Y |

KY
I 44
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Figure

2-3. Mean VOT of velar stops in
child group

b
KY
e YK

The follewing
values of |abial

(4) Min mum

table summarizes the minimum and maximum VOT
stops.

and maximum VOTs of labial stops {ms)

(min imum/maximum)

h ’

D [€] p
adult yzroup 27.12/69.15 90.84/115.79 5.85/10.63
child srroup o8.42/117.83 55.8/134.08 7.06/15,75

In (3) and (4,
values bel:ween

first, we can see that there is no overlapping of VOT
tense stops and the other stops in each group. What

tris mean: is fhat word-initial tense stops can be distinguished from

tie other word-

“initial stops by VOT in Korean. Second, while there is

no overlapping of VOT values between lax stops and aspirated stops in
adult group, child group exhibits the overlapping of VOT values

between ax s
significant diffe
These children
bstween lix s
cannot be chard
the VOT value
aspirated stops

tops and aspirated stops. There is no statistically
rence between /p/ and /p"/ in child group (p=0.076).
s data, therefore, show that the phonemic contrast
ops and aspirated stops in the word-initial position
cterized by the VOT difference in child group, Finally,
s of lax stops in child group overlap with those of
in adult group. There is no statistically significant

d fference vetween /p/ in child group and /p*/ in adult group (p=0.054).
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1g phenomenon shows that VOT cannot be a cue to

lax stops in child group from word-initial
in acult group. This phenomenon further shows that

the single cue to distinguish word-initial lax stops from

pirated stops in Korean. Since both groups produce the
rast between word-initial

lax stops and word-initial
in the same manner, as shown in Section 2, if VOT is
to differentiate them, there should be no overlapping of
en between lax stops in child group and aspirated stops

:onsider inter-vocalic stop consonants in terms of VOT.

-amson (1964) and Silva (1991) report that inter-vocalic
it approximately 50% less VOT values than word-initial
Table 2.2 in Silva 1992: 50). Also, Silva (1992) observes
lag values of inter-vocalic lax stops overlap with those
and inter-vocalic tense stops, and that the vowel lag
vocalic aspirated stops overlap with those of word-initial
Figure 5.8 in Silva 1992! 154). Since the duration of
ieasured from the beginning of stop release to the F2
llowing vowel, Silva’s observation implies that, in the
)T, there is also overlapping among inter-vocalic lax
tial. tense stops and inter-vocalic tense stops, and
ocalic aspirated stops and word-initial Iax stops. The
inter-vocalic stop consonants? in this paper also exhibit

in Figures 3 and 4, the inter-vocalic lax and aspirated
and /p"/ have reduced VOT values in each group®

DT values of inter-vocalic lax stops overlap with those

"These cata i

"unbroken woicing
release, Spe:ificall
exhibit unbriken -

nclude only inter-vocalic stops in which there were not
" affected by the preceding vowel during the stop closure and
v, more than 80% of children’s inter-vocalic lax stops did not
roicing phenomenon.

I focus on the intéer-vocalic lax and aspirated labial stops /p/ and /p"/. It can be

*The other int?‘-vocalic lax and aspirated stops exhibit the same result. Here,

assumed, howeve
well becaus: the

place of artizulatic

, that the findings will hold for alveolar and velar stops as
general patterns of VOT values are almost the same in each
n.
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of inter-vocalic tense stops in both groups. This, therefore, shows that,
n additicn to| the reduction of VOT value, another acoustic cue is
“equired fo phanetically represent inter-vocalic lax stops in Korean. The
compariscn of Figures 1, 2 and Figures 3, 4 also shows that the VOT
values of inter-vocalic aspirated stops are similar to those of
‘word-initial lax stops. In this case, also, VOT cannot be a crucial cue

to distingiish lax stops from aspirated stops.

(5) Mean VOT of inter-vocalic labial stops
a. Adult Group

F gure 3. Mean VOT of labial stops
in adult group

Lol lE T 39-
lll]'ITl||

] O T L

¥
P P ph

b. Child Group

Figyure 4. Mean VOT of labial stops
in child group

I
Ll S DD R 0 s it

4

T

Todod
| Sl s acges £

We have so far examined VOT values of Korean stop consonants,
The VOT analysis shows that there are significant variation and
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VOT values in Korean, depending on contexts and

fore, though VOT can be the most reliable cue to
red/voiceless contrast or unaspirated/aspirated contrast in

it cannot be the single cue for the phonemic contrast
consonants. In addition to VOT, other acoustic cues

red i characterizing Korean stop consonants.

‘e Duration (SCD) and Underlying Representations of

Consonants

196), who examined the data from only adult subjects,
D is the single most crucial cue to determine the
blogical representations of Korean lax and tense stops.
timing units of Korean stop
cued with SCD wvalues, just as the timing units of
duration values. In J.-I. Han's
nstance, /p/ and /p" / have one timing unit, but /p’/

has two iming units because /p’/ has the longest SCD value.

Therefore, auccor
However, the S(
cue to determine
Stop consonants.

(n this paper,
wide-band spectr
log: scale, no sm
frcm the begrinniy
beginning ci sto

periodic wazes in

of the preceding

SCD values of in
rezsons. Ac:ordin
lax stops i1 the

diference i;

in this pap:r is
timing units [ di

not
{Constricted Glott

ding to J.-I Han's claim, /p’/ is a geminate of /p/.

D analysis in this paper shows that SCD cannot be a
the underlying phonological representations of Korean

SCD values were also measured from waveforms and
ograms set as half range (0~2756Hz), pre-emphasis, no
oothing, and no floating FFT. 1 measured the duration
g of stop closure to the beginning of stop release. The
b closure is cued with the reduction of complex and
. the waveforms and the attenuation of second formant
vowel in the spectrograms. In this experiment, only the
ter-vocalic stops were measured for the following two
g to J.-I Han (1996), though the SCDs of tense and
word-initial position are significantly different, the
from the timing distinction, but from the feature
s] of tense stops. Since the goal of the SCD analysis
to investigate whether SCD physical values reflect
d not treat SCD values of tense and lax stops in the
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word-initial position. The second reason is that the SCD values of
word-initizl stops in the phrase-initial position are significantly different
irom those in the phrase-internal position (see Silva 1992:132 for
ciscussion). This means that SCD values of word-initial stops are
changeable, depending on prosodic position. Since the impact of prosodic
position cn SCD is not the concern of this paper, I did not treat
changeable: SCD values of word-initial Stop consonants.

The patterns | of mean SCD values are presented by line graphs for
each place of articulation in Figures 5 and 6 below.

(6) Mean SCIs of Korean stop consonants

a. Adult Group

Fig ure §5-1. Mesan SCD of labial stops
in adult group
300
280 I
231 —
20 Mol .
T i w
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138 1 e -
- ‘er‘f‘" *
E
o
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Figure JG-Z. Mean SCD of alveolar
stops in adult group
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Figjure 5-3. Mean SCD of velar stop's In

adult group
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b. Child Group

Figjure ¢

i=1. Mean SCD of labjal stops

in child group
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Fipure

6-2, Mean SCD of alveolar
stops in child group
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Figure 6

3. Mean SCD of velar stops In

child group
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oaserved
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phonation 1;ype i
of SCD vilues
articulation lahi
hold for alreclar
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Now, let us ¢
Thais examinatior
homogeneous an
for each ptonati
/o, /p'/, and /p'
each phon:.ion
eflect; /p/: 0, /p'
shows that ther
subjects (F(3,
statistically signi

p=0.009). Howevg
provides us with

=i

wu

show that SCD patterns have little difference among
and velar stops in both groups. One general pattern
gures (5) and (6) is that SCD is correlated with
In other words, there is big difference in SCD values
ops and aspirated/tense stops. We can also observe
it tendency from Figures (5) and (6): mean SCD values
ire much longer than those of adult group in the same
n each place of articulation. Here, the closer examination
across phonation types is limited to a single place of
al. It can be assumed, however, that the findings  will
and velar stops as well because the general patterns of
almost the same in each place of articulation.
xamine the ‘between-subject variation’ in each group.
v is designed to investigate whether each group is really
1 how much wide range of SCD values each group has
m type. Here, 1 take the SCD values of all labial stops
/) as a dependent variable at a time. Of course, however,
type is separately categorized to avoid compounding
t 1, and /p'/: 2. First, the general factorial ANOVA test
is no statistically significant difference among adult
1.456, p=0.236). Second, it shows that there is
= 4.219,

T, the closer examination of the multiple comparison test

=
=

6)
ficant difference among child subjects (F(3, 56)

1 the information that the difference is caused by the
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subject KY (KIY-TH: p=0.024, KY-YK: p=0.012). According to Turkey
HSD, except for the subject KY, the homogeneous subset is composed of
""H, Y], ard YK, as shown in (7). In other words, from the results of (7),
we can see thai there is no statistically significant difference among TH,
Y], and YK inl terms of SCD values of labial stops (F(2, 42) = 0557,
£=0.577). ‘The multiple comparison test in (7) also supports this result,

Therefore, a hogmogeneous child group consists of TH, Y], and YK in
tzrms of 2D walues,

(7) ANCVA Test on SCD values - TH, Y], and YK in child group

Tests of Batween-Subjects Effects

Depandent Variable! CVALUES

Type 1
Sum aof Meaan Noncent. Qbserved
. Source Squargs df Square F Sig. Paramester Power?
racled b
E‘Iz::lzl ° 5493.307 2 | 2746 6583 557 577 1.113 136
Intercept 1040471 1 1040471 210.822 .000 210.B22 1.000
suB2 2493.307 2 | 2746653 557 577 1.113 138
Error 2072826 42 | 4935.299
Total 12532486 45
?;:fcmd 2127759 44

a. Compu ud using alpha = .05
b. R Squaad = .0R6 (Adjusted R Scuared = -.021)

Multinle Comparisons

Dependent Var sble: CVALUES

_Tukey HSD
95% Confidence
10} 3 Maan Interval
subject-child subject-chiki Difference Lower Upper
| group graoup {i-J3 Std. Error Sig. Bound Bound
TH YJ -19.1500 25.852 737 -81.4723 4317123
YK 6.9887 25852 880 -55,3358 B89.3049
EZ TH 19.1500 25852 737 -43.1723 81.4723
YK 26.1387 25852 589 -38.1858 88.458%
BB TH -6.0887 25,852 960 -69.3089 55,3356
- Y =26 1387 25662 589 -88.4580 3B.1858

3ased on obser/ed mears. The arror term is Error.

Now, let us consider the impact of phonation types on SCD values, If
J.-I. Han's argument is correct, there should be no statistically significant
ditference in SCﬂ) values between /p/ and /p"/, whereas there should be
statistically signi‘ficant difference in SCD values between /p"/ and /p'/
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2CD values were statistically compared between /p/ and /p’/, between /p/
and /p"/, and jbetween /p"/ and /p'/ in each group. The result of
comparisor. of /p/ and /p’/ shows that statistically significant difference is
found in mean $CD values between /p/ and /p’/ in each group (F(1, 38)
= 251740, p=0.000 in adult group, F(1, 28) = 54.836, p=0.000 in child
group). This result corresponds to ].-I. Han’s result. However, the result
o’ comparson pf /p/ and /p"/ shows that there is also statistically
significant difference in mean SCD values between /p/ and /p"/ in each
group (F(, 38) = 294592, p=0.000 in adult group, F(1, 28) = 140.161,
p=0.000 in child |group). This result means that, if the underlying timing
unit is represented by SCD, the number of timing unit of /p/ must be
different from that of /p"/. This result contradicts with J-1 Han's claim
ttat both /p/ and /p"/ have one timing unit. The statistical analysis
further shews that there is no statistically significant difference in mean
SZD values between /p’/ and /p’/ in each group (F(1,38) = 2.044, p=0.161
in adult group, | F(1,28) = 0.891, p=0.353 in child group). This result,
tterefore, shows| that, unlike in J.-1. Han (1996), the homogeneous subset
of Korean labial| stops is not a set {/p/, /p"/}, but a set {/p", /p'/) in
terms of S'UD values. It also shows that it is incorrect to argue that /p/
and /p"/ have one timing unit whereas /p’/ has two timing units.
Therefore, we can see that SCD cannot be an acoustic property to
determine 1nderlying timing units of Korean stop consonants nor a single
reliable cue to |distinguish different phonation types of Korean stop
censonants. This fact is also supported by the comparison of SCD values
between ad:lt group and child group. Figure 7 in (8) graphically illustrates
the difference in mean SCD values between adult group and child group.

(8) Comparisort of Mean SCDs of labial stops by age

[

Figiure 7. Comparison of Mean SCD by age
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¥s that the mean SCD of child group is much longer

ult group in each phonation, and that the mean SCD of

oup is longer than that of /p'/ in adult group. In the
in Section 2, we have seen that child subjects have
ynemic contrast of Korean stop consonants in production.
be the single cue to distinguish the different phonation
\ stops, and if the longest SCD value would represent
s of a tense stop, the SCD of /p'/ in adult group should
that of /p"/ in child group. However, as illustrated in
not the case. Figure 7 also shows that, though Korean
quired the phonemic contrast of stop consonants in their
do not produce Korean stop consonants in terms of
lt-like manner. What this means is that the incomplete
= SCD properties of stop consonants does not affect the
st of Korean stop consonants,

operties of Korean Stop Consonants

ectrogram setting used in the analyses of VOT and
is parameter in this experiment was set as half range
pre—emphasis, log scale, smoothing, floating point FFT,
for spectrums. According to Klatt and Klatt (1990),
m is cued with the relative strength of the first
to increase as the open quotient increases ([Spread
s laryngealized phonation 1{s cued with the relative
first harmonic caused by the relatively narrow glottal
relatively short duration of the open portion of a
lod ([Constricted Glottis]).
ryngeal properties of Korean stop consonants, therefore,

In order to acoustically

rst harmonic amplitude (AH1) and the second harmonic
of the beginning part of the vowel following a stop

coiseonant, .a orger to compare the beginning part of a vowel with the

middle part of

be:ween the firs

AHl and 4H2

the vowel in terms of the difference in amplitudes
t harmonic and the second harmonic, 1 also measured
of the middle part of the vowel following a stop
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consonant,

Kim, &an-Hai

Followir g Klarltt and Klatt (1990), I assume that there is an impact of
the laryng:al pﬂoperty of a stop consonant on the beginning part of the

following owel
the vowel. Undg

(9) Whe: AH
AH2 is an

a If a
tAHZ

but that the impact is not extended to the middle part of
r this assumption, we can make three hypotheses in (9).

1 is an amplitude value of the first harmonic, and when
amplitude value of the second harmonic,

stop has the feature {Spread Glottisl, AH2 minus AHI
- AH1) in the middle part of the following vowel will

be higher than AH2 minus AHl (AHZ2 - AHIl) in the

beginning part of the vowel because the feature [Spread

(Glottis] of the stop consonant makes AH1 in the beginning

part Lf the vowel higher than AHI1 in the middle part of the

vower. '

(AH2-AH1 of the middle part of the vowel » AH2-AHI1 of
-he beginning part of the vowel)

. If a stop has the feature [Constricted Glottis], AH2 = AHI in
the middle part of the following vowel will be lower than
AHZ |- AHI in the beginning part of the vowel because the
feature [Constricted Glottis] of the stop consonant makes
AHI jin the beginning part of the vowel lower than AHI in
the middle part of the vowel,

LAH2vAH] of the middle part of the vowel « AH2-AHI of
the beginning part of the vowel)

If a
lotti
vrowel

stop does not have [Spread Glottis] nor [Constricted
s, AH2 - AH1 in the middle part of the following
will be almost the same as AH2 AH1 in the
iing part of the vowel because there is no feature

C.

neging
:ffecting the beginning of the following vowel.

(AHZ-AH1 of the middle part of the vowel
the bs

AHZ2-AH1 of
sginning part of the vowel)

the
summarizec. as {i

Therefore, measurement procedure of harmonic amplitudes is

nllows:
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(10) When ARl is the first harmonic amplitude of the beginning part
of tre vqwel following a stop conscnanti

AH.2 is [the second harmonic amplitude of the beginning part of
the vowil following a stop consonant;
AH,1 is| the first harmonic amplitude of the middle part of the
vovrel following a stop consonant, and;
AH.2 is| the second harmonic amplitude of the middle part of
the vowa following a stop consonant,

a the Fneasurement of AHpl and AHp2

b the measurement of AH,! and AH,2

L a= ‘(AHmZ - AHnl) - (AHw2 - AHul)

|

Now, we can‘ investigate the laryngeal properties of stop consonants
by measurng tl’Le e value in (10¢). In other words, if a vowel follows
a [Constricted q}lottis] stop, the a value will be negative, whereas the
a value will be positive if a vowel follows a [Spread Glottis] stop. We
can also predicp that, if a vowel follows the modal stop consonant
which do not have [Spread Glottis] nor [Constricted Glottis], the a
value will be abput zero, For the convenience of the calculation, 1 scaled
uy 10 dB in eth value so that most numbers are positive. I will call
tte wvalue calcqlated by Formula (12c) Larvngeal Feature Value ¢
(I.-valuea ). 1T present line graphs of mean L-values of word-initial
lzbial stops in Figures 8 and 9 in (11).

(11) Mezn L-values of labial stop consonants

a. Adult Group

Figure B. Mean L-value of labial
stops in adult group
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b. Child

Group

IFigure 9. Mean L-value of labial

stops in child group
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(12) Mean L;v

epresented in Figures 8 and 9, the tense stop /p’/ has the

and the L-value of the aspirated stop /ph/ seems to be
of the ‘ax stop /p/. In every subject, the mean L-value of

ro, whereas that of /ph/ is above zero, Moreover, except
ects have the L-values of the lax stop /p/ above zero.

consider the L-values in terms of phonation types.
the difference in place of articulation does not
ct the L-value, I combined the' L-values in terms of

type. Figure 10 below demonstrates the patterns of
s of phonation types.

alues of Korean stop consonants

Figure 10.

Mlean L-value of Korean
stops

10
8+
6
4+
2+

s

*— Adult

o]
oin
-4 7
-6

—™— Child

Towd

aspirated

-8

Tense stops in (
stcps have positi

12) have negative L-values, whereas lax and aspirated
ve L-values in both groups. Aspirated stops have the




tigher value thi
higher vaue ti
the

itops

shows thz(
aspirated
hand, it shows
between lax sto

These results,
L-values twhich
aspirated stops
tense stop: ind
lewering o HI
we can sze th
Glottis], and tha

Multiple acoustic cues of three-way phonemic contrast ... 99

an lax stops in adult group, whereas lax stops have the
han aspirated stops in child group. ANOVA statistics

difference in mean L-values between lax stops and
is significant in adult group (p=0.000). On the other
that the difference in mean L-values is not significant

ps and aspirated stops in child group (p=0.085).

therefore, show that Korean tense stops have negative
are significantly different from those of lax stops and
n each group. In other words, the negative L-values of
icate that the feature [Constricted Glottis] makes the
in the beginning part of the following vowel. Therefore,
at Korean tense stops have the feature [Constricted
L the negative L-value representing [Constricted Glottis]

i a crucial CUWE to distinguish Korean tense stops from the other
Korean stcps. Interestingly, ANOVA statistics shows that there is no

statistically

between acult gy

ctild subjects

[Constrictex! Glot)

Now cor sider
hypothesize: tha
[Constrictec. Glog
experiment:] resy
Therefore, we ca
in Korean lax
sigrnificant Jiffere
stops in adult gi
Korean lax stop
there is no statis
laz: stops and asj
under 7,0 have n
laz. and aspirated

4. Conclt sion

‘We have so0 fa

sigr

ificant difference in mean L-values of tense stops
oup and child group (p=0.283). What this means is that
produce tense stops represented by the feature
tis] in the adult-like manner.

the L-values of lax stops and aspirated stops. We
, if Korean lax stops do not have [Spread Glottis] nor
tis], the L-values would be about zero. However, our
ilts show that Korean lax stops have positive L-values.
in see that the open quotient of glottal pulse increases

stops. However, the fact that there is statistically

:nce in mean L-values between lax stops and aspirated

oup shows that the open quotient is relatively less in
than in Korean aspirated stops. Also, the fact that

e

3
tically significant difference in mean L-values between
irated stops in child group shows that Korean children
ot acquired the complete control over the aspiration of
stops.

r examined phonetic and acoustic properties of Korean
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$.0p consc‘nantsi
a1d statis:ical
Korean stup ¢
property. In the
bz
word-initizl pos
VOT wvalues, de
3.3 has shown

and

a cue to ¢

from tense

aspirated stops §

(13) Distinction

ol

exhibiting three-way phonemic contrast. The acoustic

analyses have shown that the phonemic contrast of
bnsonants cannot be cued with any single acoustic

VOT analysis in 3.2, we have seen that while VOT can

distinguish tense stops from the other stops in the

tion, there are significant variation and overlapping of

vending on contexts and speakers. The SCD analysis in
that while SCD can be a cue to distinguish lax stops

aspirated stops, it cannot be a cue to distinguish
rom tense stops, as summarized in (13).

of stop consonants in terms of SCD in Korean: both groups

Lax

Aspirated Tense

SCD

short long long

01 the othier h
shown that tens
the phonen:ic co
stops can e cu

[Constrictec. Glot

(14) Distinctior

and, the experiment of laryngeal properties in 3.4 has

£

stops have the feature {Constricted Glottis]. Therefore,
ntrast between tense stops and the other two types of
ed with the negative L-value acoustically representing
tis], as shown in (14).

1 of stop consonants in terms of L-value in Korean

a. Adult Group
B Tense Lax Aspirated
L-value negative positive positive, higher
3 than lax
b. Child Group
L Tense Lax Aspirated
L-valie negative positive positive

However, lix sto
stops In terms 4
Korean stop cons

single acoustic

ps cannot be phonemically differentiated from aspirated
if L.-value in child group. Therefore, we can see that
sonants cannot be phonemically differentiated by just a

cue, but that they can be differentiated by the

conbination of rqlultiple acoustic cues, specifically by the combination of
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distinguish tense stops from the other stops, and the
listinguish lax stops from the other stops.
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Appendix: A Complete Listing of Test Sentences
Raf Korean/Translation
0o i-ken pal-ita
“Tais is| a foot.”

0: i-ken phal—i.ta
“I"1is is| an arm.’

z i-hen p’allay-ta
“This is|laundry.

0z kii-ka capa-seyo
Ee caught (something)’,

04 kii-ka ap"a—seyo
‘He was sick.

'8 kt -ka | nap'’a-seyo
‘He: was bad’

08 {~en tal-ita
“This is|the moon.'

07 i—ten thai-ita
‘This is |a mask.'

08 i-lien t'al-ita
‘T:is is ja daughter.

09 ku-ka kate-lakuyo
‘Hz wen| away.’

10 ku-ka nat"ana-seyo
‘H2 came out.’

11 ku-ka twit'el-ece-seyo
‘H: was|behind.’

12 i~ben kalsek-ita
‘T'yis is brown.'

13 i-ben k'al-ita
“This is a knife’

14 i-ten | k'achi-ta
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“This is|a Korean magpie.’

15 ki -ka takawa-seyo

‘He was! coming (toward us)'
16 " ku-ka cik"ve-seyo

‘Hz was| guiding (somebody).'
17 ku-ka kak’awa-seyo

'H: was| nearby (something).’
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