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ABSTRACT OF THE THESIS

Tonal Realization and Implementation of Accentual Phrase

in Seou] Korean

by

Hyuck-Joon Lee
Master of Arts in Linguistics
University of California, Los Angeles, 1999

Professor Sun-Ah Jun, Chair

The aim of this paper is to provide implementation rules for the fundamental
frequency (f0) of the Accentual Phrase (=AP) in Seoul Korean. To implement
the Korean AP precisely, two aspects of f0 were considered: microprosody
(consonantal effects), and speech rate effects.

Microprosody was investigated in terms of the influence of an AP-initial
consonant on the fundamental frequency of the following syllables within the
AP. It was found that Korean tense or aspirated onset consonants raised the f0
value of the following adjacent vowel, and when they were positioned in the
onset of the first syllable of an AP, they continuously raised f0 values of the

following non-adjacent vowels.
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It was also found that speech rate affected the tonal realization of an AP. In
fast speech, speakers showed narrower pitch ranges than in normal speech. In
addition, the penultimate Low tone of the AP tonal pattern was undershot when
the speaker reduced the duration of an AP more than 30% at fast rate. However,
regardless of the change of speech rate, AP-initial consonant effects were found
both at the fast rate and normal rate. This f0 raising after aspirated or tense
consonants— supports previous claims that the microprosody in Korean is
phonologized in phrase initial position.

On the basis of these results, implementation rules for 4- or 5-syllable APs

were provided by using linear regression. Finally, schematics of {0 targets and

an interpolation model within the AP were suggested.
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1. Introduction

1.1. F0 implementation

The study of the phonetic aspects of speech has advanced greatly over the past
decade as a result of the rapid development of computer systems. With increasing
linguistic knowledge, nowadays computer specch synthesis has reached a high level of
performance: low error rate in text-to-speech conversion and high intelligibility in
synthesis from phonemic input. However, though speech quality from these synthesizers
has recently improved very much, there are still many problems to overcome. One such
problem is that the intonation and rhythm of synthesized voices are often too
monotonous. To synthesize more natural f0 contours for phrases or utterances, we need
to implement tonal realization rules which demonstrate general characteristics of the {0
system. This is called f implementation.

It seems that there are three aspects of f0 implementation which should be
considered in speech synthesis studies. The first is known as microprosody: consonantal
effects, intrinsic vowel effects and stress effects (e.g., Kohler 1990), the second is rate
effects and undershoot (e.g., Fougeron and Jun 1996) and the third is tone scaling and
downstepping (e.g., Liberman and Pierrehumbert 1984, Pierrehumbert and Beckman
1988). Kohler (1990) showed that changes in f0 were caused by vowel height, preceding
consonants, following consonants, and voicing. Fougeron and Jun (1996) showed that an

increase in speech rate affected French intonation in that speakers reduced pitch range




and the number of Accentual Phrase (=AP), a tonally marked prosodic unit, within an
utterance by dephrasing prosodic boundaries. Pierrchumbert and Beckman (1988)
showed that the scale of High and Low peaks of Japanese APs needed to be manipulated
within an overall pitch range which was changed by tonal declination and downstepping.
These tone scaling, speech rate and microprosody effects have been considered in
previous f0 implementation and speech synthesis studies. For example, tone scaling and

pitch range normalization were used to predict fO contours in English (Liberman and
Pierrehumbert 1984), Japanese (Pierrechumbert and Beckman 1988) and German (Mdhler

1998). Ohno, et al. (1998) showed speech rate dependency of parameters in fO contour
generation and Hirose and Kawanami (1996, 1998) showed that dialogue speech had a
higher speech rate than read speech and provided prosodic rules for a text-to-dialogue
speech system in Japanese. Vainio and Altosaar (1998) modeled microprosody variation
triggered by different segments types and manners in Finnish.

However, the studies of f0 implementation on microprosody have usually been fairly
scarce compared to the studies on tonal scaling and speech rate. Since microprosodic
changes have been seen as the lowest level of prosodic system, they were usually not
considered as a part of the main prosodic pattern of an utterance, but rather considered as
segmentally conditioned perturbations. Thus, the microprosodic changes of the sounds
have not received much attention, although most synthesis systems model the timing of
0 peaks and differences in 0 slopes.

Studies on f0 implementation of Korean usually focused on determining AP or IP



boundary location and predicting syllable locations of High and Low tones (e.g., Lee, et
al. 1998), and microprosody has not been considered much in Korean f0 implementation.
However, in Korean, as we will see, the AP-initial onset raises f0 of all vowels in the AP,
and therefore plays a significant role in determining the tonal pattern of APs. Thus, if
this effect of microprosody is ignored in speech synthesis, consequently, the overall
quality of the intonation of the synthesized utterances may not be high in Korean.

In this study, we will examine two aspects of f0 implementation in the Korean AP,
microprosody and speech rate, in order to provide implementation rules of the tonal
pattern of the Korean AP. The aspects of tonal scaling and downstepping will not be
considered in this study since they occur in a domain larger than an AP (i.e., Intonational
Phrase). Investigating these aspects of microprosody and speech rate will not only
increase our knowledge of prosody in Korean, but also provide crucial f0 implementation

rules for the improvement of speech synthesis study.

1.2. Microprosody and Korean AP
Cross-linguistically it has been generally accepted that a consonant influences the f0
of the following vowel onset. One example is that voiceless consonants raise the f0 of

the following vowel more than voiced consonants and breathy consonants (House and
Fairbanks 1953, Gandour 1974, Loqvist 1975, Hombert 1978, Hombert et al. 1979).

House and Fairbanks (1953) tested English nonsense words and found that the f0 of

vowels is higher after voiceless consonants than those after voiced consonants. The same



pattern was found in Thai (Gandour 1974), and Swedish (Lo6fqvist 1975), Yoruba
(Hombert 78, Hombert et al. 1979).

The influence of Korean obstruents on the following vowel has also long been
known (Kim 1965, 1970, Han & Weitzman 1970, Hardcastle 1973 (for stops), Kagaya
1974 (for stops, affricates, and fricatives), Jun 1993, 1996, Cho 1996, Han 1998 (for
stops)). Korean has three manners of voiceless obstruents: aspirated, tense (voiceless
unaspirated) and lax (voiceless breathy). Studies show that a vowel has a higher {0 after
voiceless aspirated obstruents and tense obstruents, and a lower f0 after voiceless lax

obstruents. Previous f0 studies of Korean consonants are summarized in Table 1. “A”

refers to aspirated obstruents (p", t*, k", tf*, s, h), “T” refers to tense obstruents (p’, t’, k’,

tf*, s”), and “L” refers to lax obstruents (p, t, k, tf).

Prosodic Condition F0 value of the following vowel
A>T>L Han & Weitzman (1970)
Kagaya (1974; *KT?)
Cho (1996)
Word in isolation T>A>L Kim(I965)
Hardcastle (1973)
T>L Kagaya (1971)
A>T>L Kagaya(1974: ‘KT’)
Word in sentence A=T>IL Jun (1989, 1993, 1996)
T>L JI. Han (1996)
A=T>L N.HHan (1998)

Table 1. Summary of previous studies on f0 at voice onset
following obstruents in Korean (Han 1998)

As shown in Table 1, f0 after aspirated or tense obstruents was always higher than that

after lax stops though the difference between aspirated and tense obstruents was not



consistent across studies.! With regard to prosodic condition, the results of these previous
studies seem to be less consistent in “word in isolation’ position.

These effects of Korean consonants on the following vowels have been claimed to
play an important role in the Korean intonation model presented in Jun (1989, 1993,
1996a, to appear). She proposed that a phonological phrase in Korean is tonally marked,
and is called an Accentual Phrase (henceforth AP). The underlying tonal pattern of the
Seoul Korean AP is Low-High-Low-High (LHLH) or High-High-Low-High (HHLH),
where the AP-initial tone is determined by the laryngeal feature of the phrase initial
segment. When an AP-initial consonant is either aspirated or tensed, having [+stiff vocal
cords] (Halle & Stevens 1971), the AP begins with a High tone; otherwise the AP begins
with a Low tone, thus LHLH pattern.” Schematic representations of these two tonal

patterns of Korean AP are shown in Figure 1.

<LHLH pattern> <HHLH pattern>
syllable: 1st 2nd  penult. final Ist 2nd  penult. final
H H H H H
L L L

Figure 1. Schematics of two tonal patterns of a Korean AP described in Jun (1993, 1996b)

' Kagaya (1974: ‘KZ’) showed one exception (C’ > C > C"). In Kagaya (1974), the speaker KZ produced
each of the stops four times in nonsense monosyllables and disyllables of the forms /Ce/ and /eCe/. In
/eCe/ pattern, C is not word initial so that it would not show the consonant effect on the following vowel.
However, a question remains: why did other speakers not show the same pattern? I will not consider this
exceptional case here.

* That is, APs having an initial lax obstruents, sonorant onset or zero onset have initial L tone.



These four underlying tones are realized on the surface when an AP has more than three
syllables: the two initial tones are associated with the two initial syllables of an AP and
the two final tones are associated with the two final syllables of an AP (Jun 1996a, to
appear). But when an AP has fewer than four syllables, either one or both of the two
medial tones, the H tone in the second syllable and the following L tone, are undershot.

Recently Jun (1996b) showed that the initial f0 triggered by lax - tense or aspirated
consonants (i.e., microprosody) in Korean was far more different from that triggered by
voiced-voiceless consonants in other languages such as English and French, when the
consonant was at the beginning of a phrase (i.e., Accentual Phrase). She further showed
that unlike in English or French the difference persisted until the end of a syllable in
Korean. That is, the f0 difference after voiced and voiceless consonants disappeared 40-
60ms after the consonants in English and French as observed in previous studies, while
the effect stayed until the end of the following vowel in Korean. She also showed that the
{0 difference between two consonant types was substantially larger in Korean. These
findings imply that microprosody is important in Korean f0 implementation.

Questions raised from Jun’s study are the following: How far does this initial
difference persist through an Accentual Phrase? Does it persist through the second
vsyllable, or even farther away? And are these consonantal effects kept both in ‘normal and
fast rates? Previous studies of Korean consonant effects on f0 have mainly focused on

the following adjacent vowel, but little have been known about the effect of a consonant



on the following non-adjacent vowels within a word or a phrase. In this study, we will
see experimental evidences for Korean which suggest that a non-adjacent consonant - the
onset consonant of the AP-initial syllable - can affect the tonal realization of a whole AP.
Besides this segmental effect, we will also see how different speech rates affect the
tonal realization of an AP. Based on these experimental results, implementation rules for
4- or 5-syllable APs will be provided by using linear regression. Finally new schematics
of f0 targets and an implementation model within an AP in Seoul Korean will be

proposed.

The organization of this paper is as follows. Section 1 introduces this study. In
Section 2, Experiment 1 examines the consonant effects on f0 values in APs composed of
nonsense words, with normal/fast rates. In Section 3, Experiment 2 shows consonant
effects on {0 values in APs composed of real words, at normal/fast speed rates. It will be
shown that the consonantal effects and rate effects found in nonsense word APs are also
found in real word APs. Results are discussed in each section. Implementation rules for
4-or 5-syllable APs of Korean are provided in Section 4. In Section 5, conclusions are

given.



2. Experiment 1: Consonantal and speech rate effects in APs composed

of nonsense words

2.1. Methods

An AP in Korean is generally composed of one to six syllables (Kim et al., 1997%),
and more than 80% of APs are composed of 2-5 syllables (Korea Telecom Report, 1996).
In this study, ﬂowever, to observe consonant effects on f0 values of the following
syllables and the tonal realization of the Korecan AP, 4- and 5-syllable APs were
examined. These APs show the full realization of the 4 basic underlying tones (LHLH or
HHLH) in Korean.

Target APs were composed of 4- or 5-syllable nonsense words (/CaCaCaka/(4-

syllable AP} and /CaCaCaCaka/(5-syllable AP)) and each AP was placed at the beginning
of a carrier sentence: * yokie iss9” (___ 1is here.). Note that the last syllable of

all APs is the subject marker /ka/; this /k/ is not a test consonant. To examine whether
affricate consonants trigger different tonal patterns, if any, from stop consonants, two

data sets were examined. All-lax-consonant set will be used as controls. That is, all

consonants of control APs were either the lax stop /t/ or the lax affricate /f/, e.g.,

* An AP can be composed of more than 6 syllables in Korean. However, in most cases, these 6-syllable
APs are composed of two or more words. Also there is a tendency for speakers not to form APs consisting
of more than 6 syllables in casual speech.

Mean number of syllables within an AP (Kim et.al, 1997).
speaker 1: 5.03 syllables when an AP has an initial H tone, 2.99 syllables when an AP has an initial L. tone
speaker 2: 4.44 syllables when an AP has an initial H tone, 2.79 syllables when an AP has an initial L tone



/tatataka/ and /tfatfatfaka/ for 4-syllable control APs, and /tatatataka/ and /tfatfatfatfaka/

for 5-syllable control APs. To form test APs, each C in the control AP was replaced by
either a tense or an aspirated consonant at the same point of articulation; i.e., a tense stop

/t/ or an aspirated stop /" replaced one of the 3 or 4 lax stops /t/, and a tense affricate
/t§*/ or an aspirated affricate /tf"/ replaced one of the 3 or 4 lax affricates /tf/ in the string.
There were a total 16 target APs (2 control and 14 test APs). All these APs are shown in

Table 2. For simplicity, a symbol ‘L’ is used for ‘a lax obstruent +/a/°, ‘A’ for ‘an

aspirated obstruent +/a/° and ‘T’ for ‘a tense obstruent +/a/’.

Types symbol APs(Stop) APs(Affricate)
lax (control) LLLL tatataka tfatfatfaka
ALLL thatataka tfllatf{atfaka
4-syllable aspirated LALL tathataka tfatfhatfaka
AP LLAL tatathaka tfatfatfhaka
TLLL t’atataka tf’atfatfaka
tensed LTLL tat*ataka tfatfatfaka
LLTL tatat*aka tfatfatf’aka
lax (control) LLLLL tatatataka tjatfatfatfaka
ALLLL tiatatataka tfhat{atfatfaka
aspirated LALLL tathatataka tfatfhatfatfaka
5-syllable LLALL tatathataka tfatfatfbatfaka
AP LLLAL tatatathaka tfatfatfatfaka
TLLLL t’atatataka tf"atfatfatfaka
tensed LTLLL taf*atataka tfatf at{atfaka
LLTLL tatat’ataka tfatfat{atfaka
LLLTL tatatat’aka tfatfatfaif*aka

Table 2. APs designed for Experiment I(L: lax , A: aspirated, T: tense). -ka is a particle
as a subject marker which attached to the end of the word in Korean.

Two male (DO and HJ) and two female (HA and HS) speakers of the Seoul dialect
participated. To help speakers to produce nonsense words more naturally, 4- or S5-

syllable APs with real words were added as foil items. Sentences were pseudo-



randomized so that the sentences having real word APs came at the beginning of each AP
set and after every 3 or 4 sentences having target APs. All sentences were read six times
each at normal rate and then six times at fast rate. The data were recorded in a sound
booth in the UCLA phonetics lab using a head-worn microphone (SHURE 10A) and a
DAT recorder (TASCAM DA-30). The speech was digitized at an 11,000Hz sampling

rate.
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Flgure 2. A sample picture of f) measurement for a 5- syllable control AP (tatatataka)

Acoustic measurements wexre made by using XWAVES+ (Entropic Research
Laboratory). A sample spectrogram and a f0 track are shown in Figure 2. FO values at
the mid point of each vowel, and durations of target APs were measured from
spectrograms. Since f0s were always measured at the mid point of each vowel, there is

no guarantee that f0 peaks and valleys were recorded in these measurements: sometimes

10



peaks and valleys were found at the end of the vowel. All data were statistically analyzed
by using one-way ANOVA* and Fisher’s PLSD posthoc pairwise comparison with 95%

significance level (p<0.05) in StatView 5.0 (SAS Institute Inc.).

2.2. Normal speech: results and discussion

FO measurements showed that stops and affricates have similar tonal patterns, and
they were not conéistently different across speakers. Sometimes the f0 of the following
vowel after stops was slightly higher than the f0 after affricates but sometimes vice
versa.’ The results of two-way ANOVA with factors of consonant manner and syllable
position are shown in Table 3 (Also see Appendix 1 for all mean f0 contours of stops and

affricates, respectively).

* The data were submitted to one-way ANOVA with a factor of AP type, described in Table 2, separated
for each speaker and syllable, 16 separate one-way ANOVAs were generated for 4-syllable APs (4
speakers * 4 syllables), and 20 separate one-way ANOVAs were generated for 5-syllable APs (4 speakers *
5 syllables).

* In Kagaya(1971) the average value of f0 of stops (S) was slightly higher than that of affricates (A). (tense:
160(S) >157(A), lax: 148(8) >144(A), aspirated: 162(8) >157(A) in CV position and tense:15%(S)
>149(A), lax:141(8) >138(A), aspirated: 150(S) >147(A) in VCV position) However, since the fl) ranges
were the same or largely overlapped between them, it is hard to say that the f0 of the vowel after stops are
higher than the f0 after affricates.

11



M1 M2 F1 F2 ALL
P P P P P

Syl v | <0001 | ¥ | <0001 | ¥ [<o0001 | V¥ [ <0001 | v [ <0043
4-syl Man =15 =75 =55 | ¥ | =0105 77
Syl*Man =46 =54 =97 =40 99
P P P P P

Syl v [<0001 | ¥ [ <0001 | v [ <0001] « | <0001 [« [ <0001
5-syl [ Man =09 | v | <0001 =10 =50 34
Sy*Man =39 | ¥ | =015 =61 =88 97

Table 3. A summary of 10 two-way ANOVAs on f0 for the factors of syllable position and
consonant manner in nonsense word APs at normal rate. ‘Syl” represents syllable position and
‘Man’ represents consonant manner. Y represents that there are significant effects (95%) of this
factor.

Though Speaker F2 showed a slightly significant difference between affricates and stops
in 4-syllable APs (p=.0105) and Speaker M2 showed a significant difference between
affricates and stops in 5-syllable APs (p<.0001) and a slight interaction between
consonant manner and syllable position (p=.011), speakers generally showed no
significant effects or consistent differences for consonant manner and no interaction
between consonant manner and syllable position. Thus, data from stops and affricates
were pooled together in the following graphs.

We will first examine the initial aspirated or tense consonants’ effect on the
following syllables, syllable by syllable. And then we will consider the positional effects
on the f0 of each syllable, focusing on consonant types (aspirated/tense).

From the statistical analysis, differences due to AP types described in Table 2 were

found in each syllable. Table 4 shows F values and P values from 36 ANOVAs (4
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speakers * 4 syllables (for 4-syllable APs) + 4 speakers * 5 syllables (for 5-syllable
APs)). The difference between AP types in each syllable was tested with Fisher’s PLSD

posthoc pairwise comparison with 95% significance level (p<.05).

M1 M2 F1 F2
F(6,77) | P F(6,77) P F6,77) | P |F6,77)| P
1t [ 2547 | <0001 | 3060 | <0001 | 773.9 | <0001 | 393.5 | <0001
2 |V 1467 | <0001 | 121.4 | <0001 | 780 | <0001 | 1934 | <0001
4-syl | penu. | 161 | <0001 | 18.1 | <.0001 9.5 | <0001 | 7.0 | <0001
final | 15 | =1766 | 85 <0001 89 | <0001 | 5.5 | <0001
F(809) | P F(3,99) P FB99) | P |F3B99)| P
1" 1 160.8 | <0001 | 2994 | <0001 | 4664 | <0001 | 396.7 | <0001
29 | 68.0 | <000l | 37.1 | <0001 | 503 |<0001]| 249.1 | <0001
5syl | 39 83 | <0001 | 207 | <0001 173 | <0001 | 43.9 | <0001
penu. | 105 | <0001 | 62 <0001 | 201 [<0001] 7.1 | <0001
final | 59 | <.0001 1.8 =07 4 =20 | 34 <.05

Table 4. A summary of 36 one-way ANOVAs on f0 for the factor of each syllable in nonsense
word APs at normal rate.

As shown above, the first syllable showed the largest F-value and the final syllable
showed the smallest F-value. This means that the effects, whatever they are, are largest
in the first syllable. There were significant differences among AP types in the first,
second, third and penultimate syllables of 4- or 5-syllable APs (p<.0001). As for the final
syllable, though Speaker F2 showed significance for both 4- and 5-syllable APs, other
speakers showed significant differences, either 4- or 5- syllable APs: M1 did not show
significance in 4-syllable APs (F(6,77)=1.5, p=.17) and M2 (F(6,77)=1.8, p=.07) and F1

(F(6,77)=1.4, p=.20) did not show significance in 5-syllable APs. Thus, we can see that
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the f0 of the final syllable, which does not contain a test consonant, is not quite as
variable as in other syllables but is relatively constant, regardless of the AP type.
However, these F-values cannot tell what kind of f0 differences there are. We will see
what contributes to f0 differences in detail in the following graphs.

Figure 3 shows average f0 values of the first syllable in 4- or 5 syllable APs. In the
graphs, a symbol ‘S’ indicates that the value is significantly higher (p<.05) than the

control value (LLLL and LLLLL :these are always the first bar in the graphs).

Speaker M1 (4-syl AP-1* syllable) Speaker F1 (4-syl AP-1% syllable)
320

220
] a0+ — - — e T it -
wt---4 [|[------ ——t------ t
ol ---{8|-=-21] ) B .
wt---4 |-----o |}------ r
J L 20+ ---4 |[----- |fecw=== -
1 [ w00t---4 [-----+ F--===- -
SRR NEnNE:
100 T | -r Ao _L
; I
Lt ALLL LALL LLAL TLLL LTLL LLTL L1t ALLL tArt AL TLE LTLL LLTW
Speaker M2 (4-syl AP-1* syllable) Speaker F2 (4-syl AP-1% syllable)
220 320
2001 [ 300 4+ = = = 4 B T 8
180 1 ol Y R D R
wodma] Jeooee boome-- 066 BN Il O 1 I
S
of——=d | O Lo 2t -] |e----d F------
e Bl Taie e g i B e iy -
Enlnl
LLLL ALLL LALL AL TLLL LTLL LLTL e LLLL ALLL LALL LAl TLLL LTLL LATL
Speaker M1 (5-syl AP-1% syllable) Speaker F1 (5-syl AP-1* syllable)
220 320
200 1 300
280 v
180 7 2601
160 7 240 7
140 1 2207
120 5 - ig: ﬂ
100 - T 460 1
1333342353
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Speaker M2 (5-syl AP-1* syllable) Speaker F2 (5-syl AP-1* syllable)
220 320
300

DY M ooy PN L 23
e e Y EE + 240 - .
Mo | e e L 220 - [
ol | |ocoo_- [ 200 | L
180 - -l
80 140
R A I 149 44 49 9
333332285 §33333275§5

Figure 3. Average f0 value of the 15t syllable in 4- or 5-syllable APs. Y-axis represents f0 value
and X-axis represents the APs by syllable sequence described in Table 2, error bars = standard
error, ‘S’ represents the f0 value is significantly higher than the control fO value (Fisher’s
posthoc pairwise comparison with 95% significance level): the same formats are used in the
following graphs.

As shown in Figure 3, in the first syllable of the AP, the {0 value of the vowels after the
phrase initial aspirated or tense consonant (ALLL, TLLL, ALLLL and TLLLL) was
significantly higher (p>0.001) than that after lax consonants (LLLL and LLLLL),
confirming the previous results in Jun (1993, 1996b). Also note that vowels with an
aspirated onset (ALLL and ALLLL ) have higher fO values than the vowels with a tense
onset (TLLI. and TLLLL).

Other results, shown in Figure 4, show the second syllables. For all speakers, the {0
of the vowel in the second syllable was significantly higher than that of the control
syllable (LLLL and LLLLL) when the AP began with either aspirated or tense consonant
(ALLL, TLLL, ALLLL and TLLLL). In addition, the f0 of the second syllable was
significantly higher than that of the control syllable when the onset of the second syllable
had an aspirated or tense onset consonants(LALL, LTLL, LALLL and LTLLL). Figure 4

shows the f0 value of the second syllable in 4- or 5-syllable APs.
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Speaker M1 (5-syl AP-2" syllable) Speaker F1 (5-syl AP-2" syllable)

220 320
S U L st ---; ~------ etk i
280 - — — et B R
B mmmmmmmm mmm e e = ——— - A S 3 L
1801 = = ~ o 240 1 ~ -t
7] ?H—l E | | |
120 : S H H - 2m . |
180 1 - -r
100 -~ — H bl 1680 + - _1
80 140
LLLL ALLL LALt (AL TLLL LTLL LLTL LLLL ALLL LALL LLAL TUL LTLL LLTL
Speaker M2 (4-syl AP-2" syllable) Speaker F2 (4-syl AP-2" syllable)
220 320
200 307 == e STt TTTT
o+ ---4 |------] F------
180 1 ol oood |ecoood Looooo.
160 1 240~~~ S - SLac----¢
140 4 20+ - - -1 S g -
120 209 - -
1B0 T | -
= 1L ALLL LALL LLAtL TULL LTLL LT 1o LLLL At LALL LLAL TLLL LTLL LLTL
Speaker M1 (5-syl AP-2™ syllable) Speaker F1 (5-syl AP-2™ syllable)
220 320
am ———————————————————————— L
g B o i
20— == S -8 J=x---1 r
240 T - S HS -1
a0l o | -
200 1T — -
180 + — -
160 T~ — -

3343332383
Speaker M2 (5-syl AP-2" syllable) Speaker F2 (5-syl AP-2" syllable)

220 320
2m’ ——————————————————————— - 300'—_"_—L _________________ o
________ [ wmf--- |------"F-------1
wor---[ -~~~ "7 = malo—-| {--ccood foooooo-] [
wr-—-—-| |-f——™ 1 [~~~ ~"~"~"71 r 240--—-—-—8 ————— S- _______ L
ISR | SIF -1 20 - S Hg -1
S S I mf- .
120 H
180 T 1 -T
100 T — 1 - T 160 + — H -4
T3 3333 E T3 T 2 3 r
33333728383 1333338535

Figure 4. Average f0 value of the 2nd syllable in 4- or 5-syllable APs as a function of the
location and type of test consonant in each.

As shown in Figures 3 and 4, all speakers showed f0 raising in the first and second
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syllables. Crucially, as seen in Figure 4, it should be noted that when the first syllable
onset is a tense or aspirated consonant, the f0 of the second syllable, with a lax onset
(ALLL, TLLL, ALLLL and TLLLL), is substantially higher than the control vowel f0
(LLLL and LLLLL). Furthermore, it is still higher than the fO of the second syllable
vowels with a tense or aspirated onset (LALL, LTLL, LALLL and LTLLL}): the f0 of the
second syllable of ALLL, TLLL, ALLLL and TLLL is as high as, or sometimes even
higher than, that (;f the first syllable (see Figure 3 and 4 or Appendix 2). This means that
AP-initial aspirated or tense obstruents substantially raise the f0 of the second syllable as
well as that of the first syllable, and the second H tone in the HHLH pattern does not
have the same 0 value as the first H tone in the LHLH pattern in Seoul Korean. That is,
the second H tone of HHLH is significantly higher (p <.001) than the first H tone of
LHLH in Seoul Korean even if the onset consonant of the second syllable (first H of
LHLH) has an aspirated or tense onset. Figure 5 shows simplified schematics of the f0s

of the first and second syllable of APs.

A HHLH pattern
Ffr- (ALLL, ALLLL)
— HHLH pattern
(TLLL, TLLLL)

¥ LHLH pattern

LN (LALL, LTEL, LALLL, LTLLL)
LHLH pattern

(LLLL, LLLLL)

i F—> syllabl
Ist 2nd

Figure 5. Schematics of f0 targets of the first and second syllables in APs.
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As for the difference between APs with an initial aspirated onset and with an initial tense
onset, for all speakers, syllables with an aspirated onset (ALLL, ALLLL) had
significantly higher f0 values (p<.05) than syllables with an tense onset (TLLL, TLLLL)
in the first syllable. Also for two out of fo;.u' speakers, the second syllable of an AP
having an initial aspirated onset (ALLL, ALLLL) was significantly higher (p<0.05) than
that of an AP having an initial tense onset (TLLL, TLLLL). Thus, in Section 4, two
different implementation rules will be provided for these types (ALLL and TLLL,
ALLLL and TLLLL).

In the third syllable of 5-syllable APs, for three out of four speakers (M1, M2, and
F2), when the first syllable onset was an aspirated or tense consonant, the f0 of the third
syllable vowel with a lax onset (TLLLL and ALLLL) was still significantly higher than
the control vowel f0 (LLLLL) and sometimes slightly higher than that of vowels with a
tense or aspirated onset consonant (LLALL and LLTLL) (see M1 and F2). The results
from each speaker are shown in Figure 6.

However, unlike in the first and the second syllables, the f0 of the third syllable
having an aspirated or tense onset consonant (LLALL and LLTLL) was not always
higher than the control case (LLLLL) across speakers. Two speakers (M2 and I2)
showed higher f0 after tense or aspirated onset consonants than after lax onset consonants
(p < .05). MI and F1 had f0 raising after an aspirated onset consonant but not after a
tense onset.

This weakened effect of AP-initial consonant on the third syllable may be due to its
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position within an AP. In 5-syllable APs of Seoul Korean, a H tone is generally® realized
on the second syllable and a L tone is realized on the penultimate syllable of an AP (Jun
19964, to appear), and there is tonal interpolation between those H and L tones. Since the
third syllable in a 5-syllable AP is positioned (;n the interpolation line between the second
and the penultimate syllable, the influence of AP-initial consonants on the third syllable
f0 seems to be weakened when the consonant is tense consonant. (see F1-5 in Figure 6

where LLTLL (22711z) is lower than LLLLL (243Hz) and M1-5 where LLTLL is not

significantly higher than LLLLL (p = 0.07)).

Speaker M1 (5-syl AP-3" syllable)  Speaker F1 (5-syl AP-3" syllable)

220 320
a0 b L] WOf ————m——mm———m e m—— - — o -
WOd mmmm e mmm e — - -
L R L e et O RSO L
L e il r 240 T — -1 H rz-=--- =T
L7 I SOy e - 220 T = -
120 1 - 20T - T
180 T — -+
SIS
"T3333333 NEEEEEEEEE
2331333 °¢2 133348854
Speaker M2 (5-syl AP-3" syllable) Speaker F2 (5-syl AP-3" syllable)
220 320
200t e e e e ———— ] L R e L -
W f - mmmmmmmmmmmm———— == = — -
18Ot = mm mmmm = m—m— — - r N
WO =~ - —— - ——-— - —mem= r -S|~
B —————m e e - —— = — = e 220 4= -
100 T - - L
L
3443338 %8°% 14

Figure 6. Average f0 value of the 31d gyllable in 5-syllable APs.

8 Some people realize the initial H tone on the third syllable. In this experiment, the speaker HS displays
this pattern in the control AP. See Appendix 2.
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It should also be noted that when the second syllable onset consonant of the AP is an
aspirated or tense consonant, the f0 of the third syllable vowel (LALLL and LTLLL) is
not always significantly higher than the control £0 (LLLLL). That is, LALLL and LTLLL
was not higher than LLLLL in Speaker F1-5, LALLL was not significantly higher than
LLLLL in Speaker F2-5 (p=.08), and LTLLL was not significantly higher than LLLLL in
Speaker M1-5 (p=.07). In addition, even if the third vowel in LALLL or LTLLL was
higher than the third vowel in the control LLLLL in some cases, the f0 difference
between them was much smaller than the fO difference between the second vowel in
ALLLL or TLLLL and the second vowel in the control LLLLL. (See Figure 5, where the
first syllable onset consonant influenced the second syllable vowel.)

The graphs in Figures 3, 4 and 6 show that raising of f0 values triggered by aspirated
and tense consonants in phrase initial, but not phrase medial, position has a consistent and
strong effect, especially on the second syllable in 4- and 5-syllable APs. The effect was
still present in the third syllable in 5-syllable APs, though not as strong as in the first and
second syllables. This f0 raising by aspirated or tense obstruents in Korean seems to
confirm Jun (1996b)’s claim that the f0 difference triggered by AP-initial consonants is
not due to segmental perturbation as in English and French, but is phonologized, i.c., a
phonological aspect of Korean intonational phonology. In other words, aspiration or
tenseness at the left edge of a prosodic unit (i.e., AP) influences the tonal realization of

the phrase.
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Let us return to the syllable-by-syllable examination. In the penultimate syllable
where L tone is realized for both HHLH and LHLH tonal patterns in Seoul Korean, all
speakers showed significantly higher (p<.05) average f0 for a vowel having an aspirated
onset (LLLAL) than for a vowel having a lax ‘onset (LLLLL) except Speaker F1-4, while
the average f0 for a vowel having a tense onset (LLLTL) was not always significantly
higher than for a vowel having a lax onset (LLLLL), shown in Figure 6 below. Thus, a
tendency was found that an aspirated onset raises the f0 of the vowel in the penultimate
syllable more than a tense onset.

Interestingly, for three of four speakers, the f0 of the penultimate vowel in ALLL,
TLLL, ALLLL and TLLLL was higher than the control vowel f0 (LLLLL). This
confirms that aspirated and tense consonants in phrase initial position have a strong effect

on the following syllables up to the penultimate, with the effect decreasing after the

second syllable of an AP. Mean f0 contours of all syllables are shown in Appendix 2.

Speaker M1 (4-syl AP-penult. syllable) Speaker F1 (4-syl AP-penult. syllable)

220 320

200 = o e i L BT mmm e ——————— o
bR T e TR

BOf —mmmm e m 280k e

B~ — - —— - ———m =, — - = ——— I K m = m mmmmmm— e —— - ——— — —

)+ — m = = = e m = Emwr = == = - -——- - o 220 4+ . = r-—-—--—-=- -
200 | - -r

1201+ --~17—1 ([T —==- 3

S 180 - - -t
100 1 ~ St S~( ‘ -r ol - -1
&0 140
LLLL ALLL LALL LLAL TOLL L7LL LLTE LLLL At LALL LiAL TULL LTLL LLTL
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Spea7ker M2 (4-syl AP-penult. syllable)

220

200

180

160

140

120

100

&0

LLLL ALLL tALt WAL TLLL LTL LLTL

Speaker M1 (5-syl AP-penult. syllable)

220

200

180

160

140

120

100

4]

Speaker M1 (5-syl AP-penult. syllable)

220

200

1ad

160

140

120

100

80

Speaker F2 (4-syl AP-penult.

syllable)

320

20 ==~
) S
200 1 -
180 T -
160 1 -]

140
LLLL ALLL LALL LLAL TLLL LTLL LLTL

Speaker F1 (5-syl AP-penult. syllable)

20
300
280
260 1]
240 1
220 1
200 ]
180
160

140

Speaker Fl (5- syI AP- penult. syllable)

320

300
230

260 1
240

I

220
200
180
160

-
3

43%‘%‘

-4

13285

Figure 7. Average f0) value of the penultimate syllable in 4- or 5-syllable APs.

Finally, as for the AP-final syllable, all speakers showed rather consistent f0 values
regardless of the differences in the preceding consonant types. Since the final syllable
was a particle —ka, no aspirated or tense onset was tested for the final syllable as shown in
Table 2. However, f0 values were not always significantly different regardless of the

types of the preceding consonant (See Table 3, the result from ANOVA): {0 variations

were less than 20Hz. (See Appendix 2). Some examples are shown in Figure 8.
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Speaker M1 (4-syl AP-final syllable) Speaker F1 (5-syl AP-final syllable)

320
220 k1. Iy r
PO - - - - —m--- o - —es= = 3
WO — - - mmmmmo o m— - —— - r
200 T = == = T T 2 S ] r

00 i I

L I e e i v

L e e T Y 3

220 T -
40 f- - H -} 200 T -
120 - - H -t ‘T
ool - | 1 180 ~
140 T35 3 3 = ,::1 Eg

80
LLLL ALLL LALL LLAL TLLL LWL LLTL 2‘5§_.i:—'_:_.

Figure 8. Average f0 value of the final syllable vowel in 4- or 5-syllable APs.

LLLLL

Besides the f0 raising due to the AP-initial consonant, positional {0 differences were
found. The measurement showed that the f0 of the vowel was influenced by not only the
laryngeal feature of the onset consonant but also by its position in the AP. That is, f0
values of vowels largely varyed along with their syllable position within a prosodic unit
(AP).” ® For three out of four speakers (M2, F1, and F2), the f0 values of vowels with an
aspirated or tense onset in the second syllable (LALL, LALLL, LTLL and LTLILL)
(partially shown in Figure 4) were significantly lower (p < .05) then those with an
aspirated onset in the first syllable (ALLL, ALLLL, TLLL and TLLLL) (partially shown
in Figure 3). Also, for all speakers, the f0 values of vowels after an aspirated or tense
onset in the third syllable in 5 syllable APs (shown in Figure 6) and the penultimate syllable in

4 syllable APs (LLAL, LLALL, LLTL and LLTLL) were significantly lower (p < .05) then

7 The influence of the prosodic context on the realization of f0 of a segment (macroprosody) has been

shown in previous works (e.g., Silverman (1986), Steele (1986))

! Steele (1986: 93) claimed that:
In a careful consideration of segmental f), the possibility arises that segmental effects may in some
measure interact with the overall prosodic context. That is, not only do the segments affect the overall
prosody, but the prosodic context may also affect the segments.
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those after an aspirated or tense onset in the first syllable (ALLL, ALLLL, TLLL and
TLLLL). This suggests that the consonantal effect on f0 of the vowel in the second, third and
penultimate syllables is weaker than that found in the first syllable of 4- or 5-syllable APs.
Figure 9 shows f0 values after aspirated and tense\ consonants in all non-final syllables of an

AP. Positional f0 differences for all syllable positions are shown below.

Speaker M1 (4-syl AP) Speaker M1 (5-syl AP)
200 200 1
180 r 180 -
160 r 160 -
140 r 4 -
120 L (O s ::g 1 r g ;5:
100 3 E 2nd s o - |m :;u
80 - r enultimate 1 r
60 o g :g d L - penultimate
40 7 r 40 o
20 r 20 r
0 o 0 - =
aspirated tense aspirated tense
Speaker M2 (4-syl AP) Speaker M2 (5-syl AP)
200 200
180 7 180 L
160 A 160 B
140 "o 10 st
120 - O 1=t 120 10 2
100 O 2 100 T
i imate 80 3 '
| . ot s L . penultimate
40 40 F
20 20 r
o 0 - =
aspirated aspirated tense
Speaker F1 (4-sy1 AP) Speaker F1 (5-syl AP)
350 350
300 o = 300 A
250 - 250 O st
200 B ;:; 200 O 2na
150 B penuttimate 15¢ ] W o )
100 _- . penultimate
50 L 50
[} o
aspirated tense aspirated tense
Speaker F2 (4-syl AP) Speaker F2 (5-syl AP)
350 350
300 A r 300 r
250 r 250 r D 18t
200 F g ;Std 200 7 r |0 zne
i L = i L /M 3
:: ] i - penultimate :Z: 1 i . panultimate
50 A r 50 1 r
0 = 0- -
aspirated tense aspirated tense

Figure 9. The f0 value of the vowel having an aspirated or tense onset
in each syllable position in an AP.
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Finally, the average f0 of a vowel having an aspirated onset was always higher than
that of a vowel having a tense onset in any syllable position. This may be due to the fact
that aspirated consonants have greater subgiottal pressure than tense consonants. In
previous studies, however, f0 values for aspirated and tense onsets were not always
higher than those for tense onsets, as shown in Table 1. Since this study controlled
prosodic structure and number of syliables better than previous ones, it is very likely that
the f0 of the vowel after aspirated consonants is substantially higher than that after tense

consonant.

2.3. Fast speech: results and discussion

In order to observe relative speaking rate, within and across speakers, the duration
of the target AP was measured both at normal and fast rates. Table 4 shows the
difference between the two rates for all speakers. Speaker F2 showed a smaller
difference between normal and fast rates and speaker M2 showed a bigger difference. In

general, speakers reduced the duration of target APs approximately 25% at fast rate.

4-syl 5-syl

normal fast ratio | normal fast ratio
f/in fin
Ml 530 436 82% 652 490 75%
M2 647 423 65% 776 529 68%
F1 656 462 70% 718 574 79%
F2 688 520 75% 806 678 84%

Table 5. Mean durations (ms) of target APs in normal and fast speech.
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Table 5 shows the maximum and the minimum fO values of APs to assess the f0
range difference between normal and fast rates. The difference in Hz between the
maximum and the minimum will be heree;fter called pitch displacement (following
Fougeron and Jun 1998). In the measurements, the maximum value was usually found at
the first or second syllable of a HHLH pattern AP and the minimum value was found at
the first or penultimate syllable. This means that for a LHLH pattern AP, the lowest
value was found in the first syllable, and for a HHLH pattern AP, the lowest f0 value was
found in the penultimate syliable. However, sometimes the lowest value was found in the
penultimate syllable for LHLH pattern and the first L tone was not always lower than the
second L tone.

For three of four speakers (M1, M2, and F1), the pitch displacement values of 4- or
5-syllable APs were smaller at fast rate than at normal rate’ The pitch range was
considerably reduced for speaker M2 (21% for 4-syllable APs and 28% for S-syllable
APs) and Speaker F1 (about 15%) at fast rate. Speaker Ml showed about a 16%
reduction for 4-syllable APs and about a 4% reduction for S-lelable APs. On the
contrary, speaker F2 showed larger displacément values at fast rate in 5-syllable APs,
though she showed smaller displacement values at fast rate in 4-syllable APs. Pitch range

reduction at fast rate has also been found in other languages. Fougeron and Jun (1998)

showed global lowering of both maxima and minima for two out of three speakers for

® For male speakers, all minimum f0 values are slightly raised while maximum f0s are not consistently
lowered at fast rate. For female speakers, all maximum and minimum f0 values are lowered at fast rate..
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French and Caspers (1994) showed global rising of both maxima and minima at fast rate
for Dutch. A reduction of pitch displacement at fast rate was also found in German

(Kohler, 1983). The pitch displacements for all speakers are shown in Table 6 below.

M1 M2 Fi F2

normal | fast normal fast normal fast | normal | fast

max 164 165 \186 183 303 280 306 284

4-syl | min 101 111 104 118 184 181 182 177
displ. 63 53 82 65 119 99 124 107

Max 160 171 185 171 205 278 304 302

5-syl | min 98 111 96 107 186 180 184 151
displ, 62 60 89 64 109 98 120 151

Table 6. Maximum and minimum {0 values of 4- or 5-syllable APs.

It can be inferred from the two tables above that speakers show different pitch
patterns at the fast rate. At normal rate, APs showed a High-High-Low-High (HHLH)
pattern when the AP-initial consonant was a tense or aspirated consonant, or Low-High-
Low-High (LHLH) when the AP-initial tone was lax consonant, confirming Jun’s
proposals about tonal structure of the AP (1993, 1996a,b, to appear). At fast rate, for two
of four speakers (M2 and F1), the penultimate L tone was undershot in 4-syllable APs:
the pitch differences between the penultimate L tone and adjacent H tones were greatly
reduced at fast rate so that the penultimate L tone was positioned between two H tones
and had a much higher f0 than that of the penultimate L tone in APs at normal rate.
However, for the other two speakers (M1 and F2), the pitch differences between the

penultimate L tone and adjacent H tones were not changed at fast rate. Speaker M1
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showed almost the same penultimate L tone values both at normal and fast rates and

speaker F2 showed the same or lower L tone values at fast rate.

Speaker M1 4-syl AP (normal) Speaker M1 4-syl AP (fast)
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Figure 10. Tonal patterns of 4-syllable APs at normal rate and at fast rate.

For all speakers, final H became less apparent at fast rate. That is, the difference

between penuitimate L tone and the final H tone was reduced at fast rate compared to
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normal rate, Speakers M2 and F1 showed the penultimate L tone undershoot; the final H
tone was raised in M2 4-syl AP and the final H tone in F1 4-syl AP was lowered at fast
rate, so that their tonal patterns look quite similar at fast rate (LHH).

Speaker F2 did not show the penultimate L tone undershoot in control AP (LLLL),
while the penultimate L tone in APs with an aspirated or tense onset (ALLL and TLLL)
seemed to be undershot. However,\actually the APs with an aspirated or tense onset
(ALLL and TLLL) in F2 4-syl AP were dephrased, and they formed a new AP with
following AP(s). Thus, ALLL and TLLL in F2 4-syl AP could not be considered as
undershoot cases, since the test AP did not form a whole AP, but a part of the new AP
composed of the test AP and the following AP(s), and the L tone was assigned to the
penultimate syllable of the new AP. In f0 implementation, these dephrased test APs
should be excluded in undershoot counting.

Here a question may be raised: why do Speaker M2 and F1 show the penultimate L
tone undershoot while speaker M1 and F2 do not? One possibility is the durational
difference between the speakers: the shorter duration, the more undershoot. Speaker F1
showed shorter APs than speaker F2. However, Table 3 shows nearly the same duration
of APs at fast rate for speakers M1 and M2 (436ms for speaker M1 and 423ms for
speaker M2). Thus, it seems that duration is not a critical factor which determines the
penultimate L tone undershoot.

Instead of considering the absolute value of duration, if we consider the relative

duration of APs at normal and fast rates, we can see that penultimate L tone undershoot
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is closely related to the proportional increase in speed. Speaker M2 reduced the duration
about 35 % at fast rate and speaker F1 reduced about 30%, while speaker M1 and F2
reduced just 18% and 25%, respectively. Thus, we hypothesize that the penultimate L
tone is undershot only for speakers showing more than 30% reduction at fast rate. It
should be noted that speaker M2 (35% reduction) showed more undershoot - three tones
in the circle were more flat - than for the speaker F1 (30% reduction), while speaker F2
(25% réduction) showed no undershoot for control APs (LLLL) and dephrasing for APs
with an aspirated or tense onset (ALLL and TLLL) and speaker M1 (18% reduction)
showed no undershoot for any APs.

As for 5-syllable APs, only one speaker, M2, showed the penultimate L tone
undershoot at fast rate. Note that speaker M2 was the only person who showed more than
30% of pitch reduction (32%) at fast rate while speaker F1 reduced about 21% and
showed virtually no undershoot in 5-syllable APs. This confirms that the penultimate L
tone undershoot is closely related to the ratio of speech rate change rather than the

absolute speed.

Speaker M1 5-syl AP (normal) Speaker M1 5-syl AP (fast)
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Speaker M2 5-syl AP (normal) Speaker M2 5-syl AP (fast)
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Figure 11. Tonal patterns of 5-syllable APs at normal rate and at fast rate.

Strictly speaking, the penultimate L tone was slightly raised for speaker M1 who showed
25% reduction at fast rate; thus the penultimate L tone seems to be undershot. However,
unlike M2 5-syl AP where the penultimate L tone was much higher than the first L tone
at fast rate, the first L tone in M1-5 was also slightly raised at fast rate and their values
were almost the same. Therefore, we do not want to regard this M1 case as real
undershoot. In addition, since speaker F2 also showed dephrasing for APs having an
aspirated or tense onset- (ALLLL and TLLLL) in 5-syllable APs, these APs were not

considered as undershoot cases, as we discussed in 4-syllable APs.
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From Figures 10 and 11, we can see that as the AP becomes longer, the tendency for
the penultimate L tone to be undershot at fast rate is weakened. Speaker M2 showed 35%
reduced duration in 4-syllable APs at fast rate and the penultimate L tone was undershot
with a slightly higher value than the final H tone. However, in 5-syllable APs, although
this speaker showed 32% reduced duration, the penultimate L tone was undershot to a
lesser degree and still lower than the preceding H tone. This proves that the H tone
preceding the penultimate L tone is substantially associated with the second syllable, thus
giving enough time for the penultimate L tone to reach the target, where there is an extra
syllable (the third syllable) in the 5-syllable AP. That is, there is a longer transition time
between the H tone in the second syllable and the L tone in the penultimate syllable in 5-
syllable APs than 4-syllable APs. Thus, the penultimate L tone is not easily undershot as
found in 4-syllable APs, even when the speech rate is faster.

Now let us discuss the {0 raising of following vowels triggered by an AP-initial
aspirated or tense consonant, at fast rate. All speakers showed almost the same results as
those found at normal rate, though there was a slight difference in the penultimate
syllable of 5-syllable APs. Measurements showed that initial fense or aspirated
consonants not only raised the f0 of the immediately following vowel, but also the f0 of
the vowels in the following non-adjacent syllables, as noticed in the APs spoken at
normal rate. That is, a tense or aspirated onset consonant in the first syllable raised f0
values of the following adjacent segment and this effect persisted through the following

non-adjacent syllables spoken at fast rate.
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For all speakers, the f0 of the vowel in a first syllable with a tense or aspirated onset
(ALLL, TLLL, ALLLL and TLLLL) was slightly higher in a second syllable than the
vowel with a lax onset consonant (LLLL and LLLLL). The f0 raising effect was so
strong that the f0 of the following syllable having a lax onset (ALLL, TLLL, ALLLL and
TLLLL) was still higher than the second syllable of the control AP (LLLL and LLLLL)
and APs having an aspirated or tense onset in the second syllable (LALL, LTLL, LALLL

and LTLLL). Some examples of the speaker M1 and F1 are shown in Figure 12 below. '*

Speaker M1 (4-syl AP-1* syllable) Speaker F1 (4-syl AP-1% syllable)

20

LLLL ALLL LALL [LAL TLEL LTLL LLTL Ll ALLL RALL LLAL TLLL LTLL WL
Speaker M1 (5-syl AP-2" syllabie) Speaker F1 (5-syl AP-2™ syllable)

220

485

Figure 12. Some average 0 value of the 15t and 20d syllable vowels in 4- or S-syllable APs
at fast rate.

'* Like graphs in section 2.1, data from stops + affricates are also pooled together in the following graphs
since all speakers show similar tonal patterns triggered by stops and affricates and do not show consistent
differences at fast rate.
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In the third syllable of 5-syllable APs, for three out of four speakers (M1, M2, and

F2), when the first syllable onset is an aspirated or tense consonant, the f0 of the third

syllable vowel with a lax onset (TLLLL and ALLLL) was still significantly higher than

the control vowel f0 (LLLLL). However, the f0 of the third syllable vowel with a lax

onset (TLLLL and ALLLL) was not always higher than that of third syllable vowels with

a tense or aspirated onset (LLALL and LLTLL). The results from each speaker are

shown in Figure 13.
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Figure 13. Average f0 value of the 31d syllable vowel in 5-syllable APs at fast rate.

In the penultimate syllable, for three out of four speakers (M1, M2 and F2), the f0 of

the penultimate vowel in ALLL, TLLL, ALLLL and TLLLL was significantly higher

than the control vowel f0 (LLLLL) in 4-syllable APs. And for two out of four speakers
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(M2 and F2), the f0 of the penultimate vowel in ALLL, TLLL, ALLLL and TLLLL was
significantly higher than the control vowel f0 in 5-syllable APs. Speaker M1 did not
show significant f0 raising in the penultimate syllable in 5-syllble APs at fast rate, while
he showed a significant effect at normal rate (See Figure 7). Thus it seems clear that the
AP-initial consonants affect non-adjacent following syllables, up to the penultimate with

lesser degree, at fast rate.
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Speaker M2 (4-syl AP-penult. syllable) Speaker F2 (4-syl AP-penult. syllable)
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Figure 14. Average f0 value of the penultimate syllable vowel in 4- or 5-syllable APs
at fast rate.

Finally, as for the AP final syllable, all speakers also showed consistent f0 values
regardless of differences in preceding consonant types at fast rate, as shown in normal
rate (cf. Figure 8).

In summary, speakers showed f0 raising after an AP-initial aspirated or tense
consonant at fast rate as well as at normal rate. This means that AP-initial aspirated and
tense consonants have a strong effect on the following syllables up to the penultimate at

fast rate, with the effect decreasing after the second syllable of an AP.
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3. Experiment 2: Consonantal and speech rate effects

in APs composed of real words

3.1. Methods
To confirm that AP-initial consonant effects on f0 values of the following syllables
and the tonal realization of the Korean AP are not limited to the nonsense words, 4- and

5-syllable APs composed of real words were examined in Experiment 2. Each target AP
was placed at the beginning of a carrier sentence: “ tfokie isso™ ( __ is there.).

Since Experiment 1 showed no significant difference between affricates and stops,
affricates and stops were randomly used in the target APs. Only one syllable in an AP

had a tense or aspirated onset consonant and other syllables had lax onsets or no onset.

The target APs are shown in Table 7.

Types symbol APs(Stop + Affricate)
aspl thaiaka ‘a tire’
aspirated asp2 kyo.tfharo ka *a cross-section’
4-syllable asp3 tfa.don. tihaka ‘a car’
AP tnsl t’a.o.kika ‘a crested ibis (bird)’
tensed tns2 po.t’arika ‘a sack’
tns3 ka.ip.tf’a.ka ‘a member’
aspl tfha.dzen.norika  ‘agroup sport’
aspirated asp2 ki.tfha.no.ri.ka ‘a train-like playing’
asp3 ki.ne.tha kika ‘a swing’
S-syllable aspd pul.tf aton.tfhaka “‘afire engine’
AP tns1 t’ara.o.kika ‘following’
tensed tns2 pa.tarakika ‘the name of a novel’
tns3 man.won.tf arika ‘10,000 won cash’
tnsd yantfo.aptf'aka  ‘abrewer

Table 7. 4- and 5-syllable real word APs where one of the syllables has either an aspirated or tense
onset and the rest syllables have lax or sonorant or zero onsets. ‘aspX’ refers to the AP having an
aspirated onset in the Xth syllable and ‘tnsX’ refers to the AP having a tense onset in the Xth
syllable. -£a is a particle as a subject marker which attaches to the end of the word in Korean.
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As shown in Table 5 above, the target APs are not fully controlled since it is
impossible to find real word APs which have only one aspirated/tense onset in one
syllable and lax onsets in all other syllables.

The speakers who participated in Experiment 1 (two male (DO and HJ) and two
female (HA and HS)) were recorded. The data were recorded, measured and statistically

analyzed in the same way as described in Experiment 1.

3.2. Results and discussion

Measurements showed that AP-initial tense or aspirated onset consonants also raised
f0 values of the following adjacent vowel, and when they were positioned in the first
syllable onset of an accentual phrase, they continuously raised {0 values of the following
non-adjacent vowels. That is, at normal rates, for all speakers, when the first syllable
onset was an aspirated or tense consonant, the fO of the second vowel with a lax onset
(aspl and tns1) was significantly higher than the vowel having a lax onset and still higher

than that of vowels with a tense or aspirated onset consonant (asp2, tns2). Figure 15

shows average f0 values of 4- and 5-syllable real word APs at normal rate.
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Figure 15. Average f0 values of each syliable in 4-

and 5-syllablg real word APs at normal rate.

However, unlike the results in Experiment 15 the initial consonant effect was rather weak

after the second syllable. As for the third and penultimate syllables, speakers generally

did not show 0 raising when the AP begins with an aspirated or tense consonant, except

39



for one case, M1 5-syl AP. In Figure 15, the third and penultimate syllables show that
the f0 values of the vowels having an AP-initial aspirated or tense consonant (aspl and
tns1) are not significantly higher than others. In experiment I, we saw the AP-initial
consonantal effects are weakened after the second syllable, though three out of four
speakers showed significant f0 raising in the third and penultimate syllables. The
difference between the two experiments may be due to differences in how carefully word
structure is controlled!. However, the results shown above still confirm that AP-initial
consonant effects on the following non-adjacent syllables are general characteristics of
Korean APs, and not limited to the nonsense word APs.

Next, let us consider real word APs at fast rate. All speakers showed that f0 of a first
syllable having an aspirated or tense onset is significantly hjght?r than that of a first
syllable having a lax onset. Also when the first syllable onset was an aspirated or tense
consonant, the f0 of the second vowel with a lax onset (aspl and tnsl) was significantly
higher than the vowel having a lax onset (asp3, tns3, asp4 and tns4). However, when the
first syllable onset is an aspirated or tense consonant, the f0 of the second vowel with a
lax onset (aspl and tnsl) was not always higher than that of vowels with a tense or
aspirated onset consonant (asp2, tns2) (See M1 4-syl AP, M1 5-syl AP). In addition, for
three of four speakers (M1, M2, F1), AP-initial consonant effects almost disappeared
after the second syllable. Thus, similar trend was found in APs at both normal and fast

rates.

' Or, there may be a nonsense word effect. More experiment is needed.

40
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Figure 16. Average f0 values of each syllable in 4- and 5-syllable real word APs at fast rate.

As for penultimate L tone undershoot, we saw in Experiment 1 that there was a
tendency for the penultimate L tone to be undershot when the speaker reduced the duration

of an AP about 30% at fast rate (section 2.3.). Table 8 shows durations of target APs.
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For three out of four speakers (M2, F1, F2), the duration of an AP is reduced more than
30% at fast rates and the penultimate L tone was undershot. Speaker F1 showed great

reduction in 4-syllable APs (40%) and S-syllable APs (33%). All speakers showed the

4-syl 5-syl
normal fast ratio normal fast ratio
f/n f/n
M1 530 381 T2% 610 447 73%
M2 535 379 70% 654 454 69%
F1 632 382 60% 708 476 67%
F2 642 452 70% 816 565 69%

Table 8. Mean durations (ms) of target APs in normal and fast speech.

penultimate L tone undershoot, except F2 5-syl AP.

It is interesting to see the pitch range change of real-word APs. In Experiment 1,
three out of four speakers showed pitch range reduction. In Experiment 2, only two
speakers (M2, F1) showed pitch range reduction in both 4- and 5-syllable APs:

speaker M1 showed pitch range reduction in Experiment 1 whereas he showed pitch

range extension in Experiment 2.

M1 M2 F1 F2

normal | fast normal fast normal fast | normal | fast

max 140 164 199 189 287 277 262 273

4-syl | min 99 114 118 132 194 192 166 174
displ. 41 50 81 57 93 85 96 99

Max 160 172 203 178 300 287 292 290

55yl | min 99 109 112 114 176 174 170 167
displ. 61 63 91 64 124 113 122 123

Table 9. Maximum and minimum f0 values of 4- or 5-syllable APs.
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To summarize, initial consonant effects were found in real word APs, especially in
the first and second syllables. That is, AP-initial tense or aspirated onset consonants
raised f0 values of the following adjacent vowel, and when they were positioned in the
first syllable onset of an accentual phrase, they continuously raised f0 values of the non-
adjacent vowels in the second syllable. Though some results were different from the
previous results and initial consonantal effects were not as strong as in Experiment 1, in

general, the data in Experiment 2 confirmed the results in Experiment 1.
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4. Implementation of 4- and 5-syllable APs in Korean

So far we have seen that {0 raising triggered by aspirated and tense consonants in
phrase initial position had a consistent and strong effect through the second syllable and
even the third and penultimate syllables in 4- or 5-syllable APs. But the influence of an
aspirated or tense consonants was found to be limited to its own syllable when the
consonant was in the middle of an AP. These segmental effects on f) were rather clearly
shown in the nonsense corpus, but were somewhat inconsistent after the second syllable
in real word corpus probably due to uncontrolled segmental contexts. Therefore, we will
use the nonsense word data rather than the real word data as the basis for implementing
the f0 of the Korean AP. ,

To provide f0 implementation rules for Korean APs, we will use linear regression
analysis. Regression analysis describes the way in which one variable is related to the
other. That is, regression analysis derives an equation which can be used to estimate the
unknown value of one variable (e.g., f0 of the second syllable) on the basis of the known
value of the other (e.g., f0 of the first syllable). Linear regression analysis has been used
in varioué implementation studies. Liberman and Pierrehumbert (1984) used linear
regression to predict f0 peaks among downstepped phrases in English, Pierrehumbert and
Beckman (1988) used linear regression with pitch range normalization to predict f0

targets in Japanese, and Black and Hunt (1996) used linear regression to predict three {0

targets (at the beginning, mid, and end) of each syllable of a word in Japanese.
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The data presented in section 2 give useful cues for the implementation of the AP in
Korean. It was shown that, at normal rate, the f0 of the first syllable having a lax onset
(LALL; LTLL, LLAL, LLTL, LALLL, LTLLL, LLALL, LLTLL, LLLAL, and LLLTL)
was very consistent compared to fO variation in the second (and the third in 5-syllable
APs) syllable. The {0 of the final syllable was also consistent, but will not be considered
as a basis of implementation since no segmental variation was given to the final syllable.
Thus, we will use the f0 of the initial syllable with a lax onset consonant as a starting
point. Knowing the initial vowel fO with a lax onset consonant, the remainder of the
intonation pattern seems to be predictable by linear regression. An example of regression

plot between the first and the second syllables of control APs is shown in Figure 17.

Regression Plot
1 PURT S Y
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@
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°
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100 +———— I e e T
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syl

Y =-7.544 +1.307 *X; R"2 = 96

Figure 17. An example of linear regression plot. X-axis represents the f0 of the first syllable and
Y-axis represents the fO of the second syllable in the control APs (LLLL). The straight line
represents the predicted relationship between two variables.
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The same method has been applied to the other syllables in the control APs. That
is, in each two-dimensional plot, the initial syllable f0 values of default APs (LLLL,
LLLLL) were plotted on the X-axis and the f0 values of the third, penultimate or final
syllable were plotted on the Y-axis. The predicted relationship was a straight line (as
shown in Figure 17). Since this line showed ‘predicted’ values, the value of actual data

was not always on the line but scattered on the plot. The formula of this line is in (1).

(D) Y=aX+b

Y : predicted f0 value of the second (or third, penultimate, final) syllable

X : f0 value of the first syllable of default APs

a : slope

b : intercept
Linear regression also gives R squared value (R?) which means the proportion of the
explained variance (0 < R? < 1) in the predicted values that is accounted for by the

straight line (1). We can see f0 variances predicted by the straight line are very small

since all R squared values in Table 10 are around 0.9.

4-syl 5-syl
2nd | penult. | Final 2nd 3rd penult. [ final
slope 1.35 1.34 1.37 1.30 1.44 1.27 1.41
intercept | -15.46 | -36.15 | -7.67 -7.54 | -37.68 | -3546 | -17.8
R® 907 925 873 .560 951 931 .898

Table 10. A summary of slope and intercept values of correlation between the f0 value of the
first syllable and that of other syllables in control APs (LLLL, LLLLL).

To test how successfully this model predicts f0 values of non-initial syllables, given

the f0 value of the first syllable of a control AP, the slope and intercept values (in Table
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10) were inserted into the formula (1). The results are shown in Table 11, with the {0

value of the first syllable given as 110Hz.

4-syllable AP (LLLL) 5-syllable AP (LLLLL)
1Stsyl:  (given) 110 (Hz) 15tsyl: (given) 110 (Hz)
2nd gyl: 135%110-1546= 133 (Hz) 20dsyl: 1.30%110-7.54= 135 (Hz)
penult. syl: 1.34 * 110-36.15= 111 (Hz) 3rdgyl: 144 *110-37.6= 120 (Hz)
final syl: 1.37 #110-7.67= 143 (Hz) penult. syl: 1.27 * 110 - 35.4 = 104 (Hz)
final syl; 1.41 *110-17.8 = 137 (Hz)
Table 11. Examples of the f0 prediction calculated by the regression formula.

Now we have all f0 values of the default AP. The next step is to predict the f0
values of APs having an initial aspirated or tense onset (ALLL, TLLL, ALLLL, and
TLLLL). There are two possible ways to implement HHLH pattern APs. One way is the
{0 prediction of a IHLH pattern AP from a LHLH pattern AP (control AP) and the other
way is the f0 prediction of other syllables of a HHLH pattern AP from the initial f0 of a
HHLH pattern AP. we will try the former way first and then try the latter way.

In each two-dimensional plot, the average f0 values of a syllable in default APs
(LLLL and LLLLL) were plotted on the X-axis and the f0 values of the same syllable of
the APs having an initial aspirated or tense onset (ALLL, TLLL, ALLLL and TLLLL)

were plotted on the Y-axis. The results of linear regressions are summarized in Table 12.
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4-syl 5-syl

Ist 2nd | penult. [ 1% 2nd 3rd | penult.
slope 1.76 | 1.13 .83 1.60 | 1.13 1.01 974
asp | intercept |-17.89 | 35.5 | 33.35 | -4.16 | 24.6 |17512 | 6.71

R? .989 922 .894 963 939 943 941
slope 1.58 | 1.02 .99 1.41 1.02 .93 92
tns | intercept | -9.36 | 46.99 | 1581 | 2.46 | 33.87 | 23.12 | 11.37
R? 994 944 878 977 962 949 937
Table 12. A summary of slope and intercept values of correlation between the f0 value of the

default APs (LLLL, LLLLL) and APs having an initial aspirated or tense onset
(ALLL,TLLL,ALLLL, TLLLL).

Since, as shown in Section 2, all speakers showed that f0 of APs having an initial
aspirated onset was significantly higher than that of APs having an initial tense onset at
the first syliable (p<.001) and average f0 of each syllable of APs having an initial
aspirated onset was always higher than APs having an initial tense onset, these APs were
plotted separately. ’

To implement APs having an initial aspirated or tense onset, we need another

formula. The formula in (2) is basically the same as the formula in (1), but with different

slope and intercept values (seen in Table 12).

QY =cX +d

Y’: predicted f0 value of the syllable having AP initial aspirated/tense onset
X’: default 0 value (LLLL, LLLLL) calculated by formula (1)

¢ : slope

d : intercept
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In Table 10, we already got all f0 values of default (LLLL, LLLLL) APs. With
these f0 values of a control AP, we can predict f0 of each syllable in APs having an initial
aspirated or tense onset. The f0 of each syllable in APs having an initial aspirated or
tense onset was calculated by Formula (2). Table 13 shows predicted f0 values of APs

having an initial aspirated or tense onset.

LLLL: 110(1st), 133(2nd), 111(penult.), 143(final) <— From Table 11

4-syllable AP (ALLL)

4-syllable AP (TLLL)

1stsyl: 1.76*110-17.89= 175 (Hz)
2nd gyl: 1.13*133+355= 185 (Hz)
penult. syl: .99 * 111 +15.81= 125 (Hz)
final : (the same as default) = 143 (Hz)

Istsyl: 1.58*110-936= 164 (Hz)
ond gyl: 1.02 * 133 +46.99 = 182 (Hz)
penult. syl: .83 * 111 +33.35= 125(Hz)
final : (the same as default) = 143 (Hz)

LLLLL: 110(15t), 135(2nd), 120(31d), 104

(penult.), 137(final} < From Table 11

5-syllable AP (ALLLL)

5-syllable AP (TLLLL)

1Stsyl: 1.60*110-4.16=  171(Hz) 1Stsyl: 1.41*110-246= 152 (Hz)
ondgyl: 1.13 *135+24.6= 177(Hz) 20dsyl: 1.02* 135+33.87= 171 (Hz)
3tdgyl: 1.01 * 120+ 17.51= 138 (Hz) 3dsyl: 93 *120+23.12= 134 (Hz)

penult. syl: .97*% 104 +6.71= 107 (Hz) penult. syl: .92 * 104 +11.37 = 107 (Hz)
final : (the same as default) = 137 (Hz) final : (the same as default) = 137 (Hz)

Table 13. Examples of f0 values of syllables in APs having an initial aspirated or tense onset
(ALLL, TLLL, ALLLL, and TLLLL) predicted by formula (2).

Note that the same value was used for the final syllable of all APs since speakers did not
show consistent fO difference at the final syllable in Experiment 1.

Figure 18 shows tonal patterns of APs predicted in Tables 11 and 13. The control
APs (LLLL and LLLLL) show LHLH patterns and APs having an initial aspira’éed or
tense onset show HHLH patterns. That is, the predicted fO contours show the actual tonal

patterns of Korean APs.
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4-syllable AP 5-syllable AP

180

| LuUL o[ LLLLL
-8 ALLL -@— ALLLL
I | TLLL - |- T

g
syl syR2 sy syl syl syl2 sy penult finat

Figure 18 : Predicted f0s of 4- and 5-syllable APs by formulas (1) and (2).

Here, we will see the second way to implement HHLH pattern APs. In Table 13, we
predicted the f0 values of the syllables in a HHLH pattern AP from the {0 values of the
corresponding syllables in a LHLH pattern AP. However, sometimes we just know the f0
of the initial syllable in a HHLH pattern AP, instead of the f0 value of the LHLH pattern.
Thus, we need formula (3) having different slope and intercept values to predict f0 values

of other syllables from the f0 of the initial syllable in a HHLH pattern AP.

(3) Y”:ex!i +f
Y”: predicted f0 value of the syllable having AP initial aspirated/tense onset
X 10 value of the first syllable in APs having aspirated or tense onsets (ALLL,
ALLLL, TLLL, and TLLLL)
e : slope
f: intercept
As the same way we did for control APs, in each two-dimensional plot, the initial
syllable f0 values of each HHLH pattern AP (ALLL, ALLLL, TLLL and TLLLL) were

plotted on the X-axis and the f0 values of the third, penultimate or final syllable were

plotted on the Y-axis. The results of linear regressions are summarized in Table 14.
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4-syl 5-syl
2nd | penult. | final | 2nd | 3rd | penult. | final
slope 94 78 .86 95 .90 A5 .82
asp | intercept | 16.8 | -13.5 -2.4 134 | -15.0 | -204 82
R? .99 87 .83 98 .90 .86 82
slope 92 74 .93 .96 95 82 96
tns | intercept | 26.7 3.5 -6.5 18,6 | -13.9 | -22.6 | -14.5
R? 98 85 87 98 90 87 .87

Table 14. A summary of slope and intercept values of correlation between the f0 value of the
first syllable and that of other syllables in APs having an aspirated or tense onset

Figure 19 shows tonal patterns of APs predicted by (3) with slope and intercept values in
Table 13. To compare the results from formulas (2) and (3), the same initial 0 values for
APs having initial aspirated or tense onsets were used (175 Hz for ALLL, 164 Hz for
TLLL, 171 Hz for ALLLL, and 152Hz for TLLLL). Since these {0 values were predicted
values, though R? values were quite high (over 0.8), there were some mismatiches, naturally.

For example, note that the penultimate syllable of TLLLL is lower than that of LLLLL in

Figure 19

4-syllable AP

(ALLL,ALLLL, TLLL and TLLLL).

I|-e LLL
-8 ALLL
- je- TLLL

a0
syl

syl2 syl3

syl

5-syllable AP

r |- L

- ALLLL

+ & T

90

syil syl2

syl3 syd

syi5

Figure 19 : Predicted f0s of 4- and 5-syllable APs by formula (3).
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Then, let us compare these two ways of f0 implementation: the first way which
predicts f0s of a HHLH pattern AP from f0s of a LHLH pattern AP and the second way
which predicts f0s of other syllables of a HHLH pattern AP from the initial f0s of a LHLH
pattern AP. Which way is better to implement HHLH pattern APs? It seems that the
second way is more powerful since it is independent from fOs of a LHLH pattem.
However, formula (2) is still useful when you just know the f0s of a LHLH pattern AP since
it is based on the relation of f0 between LHLH and HHLH pattern APs while formulas (1)
and (3) are based on the relation between the first syllable and other syllables. Therefore
formula (2) can be used as a supplementary rule for formula (3).

Figures 18 and 19 show almost the same patterns and these predicted fO values show
AP patterns very similar to those found in Experiment 1. The first 2 syllables of APs with a
H-H tone have significantly hi;gher 0s than APs with a L-H tone in both Figures 18 and 19.
Also the f0 of the third syllable in 5-syllable AP is almost on the interpolation line between
the second H and the penultimate L tones. Therefore, we can predict the f0 values of the
intervening syllables by knowing the second H and the penultimate L tones. Figure 20

shows schematics of 0 targets and interpolation within an AP at normal rate.

< 4-gyllable AP > < 5-syllable AP >
gyllable: 1 2 3 4 1 2 3 4

L HLH L H L H
Figure 20. Schematics of f0 targets and interpolation within an AP at normal rate (simplified)
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As for the APs at fast rate, we need some modification of the schematics shown
above. Besides the pitch range reduction (pitch displacement), speakers also showed the
penultimate L tone undershoot when the duration was reduced more than 30% compared
to the duration of APs at normal rate. Otherwise speakers showed the same tonal pattern
regardless of rate changes. Thus, if the reduction rate is less than 30% at fast rate, then
the schematics of f0 targets and interpolation at fast rate are the same as the normal rate
APs, shown in Figure 20 above. If the reduction rate is over 30%, than we need modified

schematics shown in Figure 21.

< 4-gyllable AP > < 5-syllable AP >

syllable: 1 2 3 4 1 2 3 4 5
H H H H

L H @) @) LHE (@ H
Figure 21. Schematics of {0 targets and interpolation within an AP at fast rate
(over 30% reduction).

For 4-syllable APs, since the penultimate L tone is fully undershoot, there is interpolation
between the second H tone and the final H tone (also the final H tone is undershot, thus
not as high as that in normal rate). For 5-syllable APs, the degree of undershoot for the
penultimate L tone is weaker than that in 4-syllable APs. Thus, we will maintain the
interpolation between the second and the penultimate L tones. In Experiment 1, two

speakers showed undershoot in 4-syllable APs at fast rate and one speaker showed
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summarized in Table 15.

undershoot in 5-syllable APs. Slope and intercept values of control APs at fast rate are

4-syl 5-syl
2nd | penult. | final 2nd 3rd penult. | final
slope 1.34 1.26 1.09 1.17 1.00 70 .99
intercept | -25.80 | -21.85 | 16.16 8.09 18.0 40.8 26.4
R® 923 716 922 928 .34 746 .90

Table 15. A summary of slope and intercept values of correlation between the f0 value of the
first syllable and that of other syllables in default APs (LLLL, LL.LLL) at fast rate.

To sum up, implementation rules with different slope and intercept values were
provided for APs having an initial [ax, aspirated and tense onset by using linear
regression. If we know the f0 of the first syllable of an AP, the remaining f0 values are
predictable by using formulas (1) and (3). And, if we know the fO values of a control AP,

the f0 values of HHLH pattern APs are predictable by using formula (2).
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5. Conclusion

We have seen that implementation of Seoul Korean was successful by considering
microprosody and speech rate effects on the realization of the underlying tone patterns.
As a microprosody effect, we have seen that Korean tense or aspirated onset consonants
raised f0 values of the following vowel. When the consonant was located in the onset of
the first syllable of an AP, it raised fO values of following vowels, even non-adjacent
ones, up to the penultimate syllable, with a lesser degree after the second syllable. That
is, Korean AP-initial aspirated and tense consonants strongly and consistently affect the
f0 of the second syllable, and the third and fourth syllables in 4 and 5 syllable of
nonsense word APs.

This study showed that the initial consonant at the left edge, but not the consonant in
the middle of an AP determined the tonal realization of a whole phrase, confirming
previous claim (Jun 1996b) that fO difference triggered by the AP-initial consonant is a
phonological aspect of Korean intonational phonology. Also, data showed that, especially
in the first and the second syllable positions of 4-5 syllable APs, vowels with an aspirated
onset had higher 0 than vowels with a tense onset.

The results also confirmed the interpolation hypothesis. The tonal interpolation
between the second syllable H tone and the penultimate L tone at normal rate made the 0

of the third syllable in 5-syllable APs predictable. At fast rate, however, the penultimate
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L tone was undershot depending on the reduction rate: speakers showed complete
undershoot when the duration of the target AP was reduced more than 30% at fast rate.
When the penultimate L tone was fully undershot, in 4-syllable APs, the f0 value of the
penultimate vowel was achieved by interpolating between two adjacent IH tones (the
second H and the final H tones).

Finally, f0 implementation rules for 4- and 5-syllable APs in Korean were provided,
on the basis of nonsense word data, by using linear regression analysis. Segmental
effects and speech rate effects were carefully considered and reflected into the different
implementation rules for APs having an initial lax, aspirated and tense onsets. If we
know the 0 of the initial syllable of an AP, we can predict 0 values of other syllables of
an AP. In addition, on the basis of results in Experiment 1 and 2, two types of schematics
of tonal realization were also suggested. Most of all, this study provided crucial data for

tonal realization and implementation of Accentual Phrase in Seoul Korean.
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Appendix 1

Mean f0 contours (error bars = £1 standard deviation) for 4 and 5 syllabel APs at normal rate.
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Appendix 2

Mean f0 contours (error bars = +1 standard deviation) for 4 and 5 syllabel APs at normal rate.

M1-4 M1-5

=0— LLLLL
© e i - i o A

N /AN {3 s

bod
EEFR

I —— WAL
de ITL

-0 waL
iy 140 ¥ ey
N SN/ N

180 =0 LLLL

-0~ AL
O LALL
1“0 -0 LAt

—— TuL
—— LT
Lo|—e— un

m
304 \ 200 I I
0 L] ] i i\
b [
o~ u o A
20 1 -0 art 0 B A s
G- A -0 L
40 -0 A 20 1 L=
—m TLLL -~ TLLIL
0 1 - LTL ] [ —8— LTLLL
e un = - LTy,
e LLLTL
200 ? o ?
150 f
150 1
st md 3 F ™ 3 3 s F
- | Y ¥
= \ T
L 4 I
= b +/ L -0- Ltk
[T 0 e
20 \ o~ AL %9 & LUt
o AL o
w0 P - 20 1
///‘ 1 —— "
—— tnL -
0 4
no o n - un
] Brilapleg
200 0
10 ¥ 7
e 1%
. 2 and F 5 x 3 F

59




Appendix 3

A summary of 36 one-way ANOVAs on f0 for the factor of syllable position in nonsense word APs at fast

rate.

M1 M2 F1 F2
F(6,77) P F(6,77) P F(6,77) P F(6,77) P
I 119.2 | <.0001 67.1 <.0001 376.2 | <0001 | 247.1 | <0001
2m 77.1 <,0001 9.1 <.0001 62.8 <0001 [ 129.1 | <.0001
4-syl | penu. 17.2 <0001 5.1 <.05 58 <.0001 16.5 | <.0001
final 4.9 <.05 32 <.05 6.2 <0001 1.1 =35
1 2277 | <.0001 49.5 <0001 317.6 | <0001 | 357.6 | <0001
2M 1002 | <.0001 12.7 <0001 529 <0001 | 137.8 | <.0001
S5-syl | 3% 5.88 <.0001 5.7 <0001 16.6 <0001 | 42.5 | <.0001

penti. 142 <.0001 27 <.05 28.7 <.0001 19.8 | <0001

final 2.6 <.05 24 <.05 1.9 =.06 2.9 <05
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