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Abstract

This paper is an apparent-time study of a tonogenetic sound change and its effect on the
intonational tonal pattern in Seoul Korean. The data were drawn from a speech corpus published
by the National Institute of the Korean Language. The study examined 59 sentence-initial
Accentual Phrases (AP) read by 118 speakers (born between 1932 and 1984) in the corpus. We
measured mean pitch values of syllables in the target APs to investigate how the AP-initial pitch
contrast and intonational patterns varied by age and gender. The results confirm previous
findings that the AP-initial pitch difference between High-pitch inducing and Low-pitch
inducing contexts increases in younger speakers, and pitch distinction in the AP-initial syllable
extends further into later syllables of the same AP. The novel finding is that the size of APs and
the intonational Low tone on the penultimate syllable affect the realization of the AP tonal
pattern. The results also show that the enhancement of pitch distinction in non-initial syllables is
greater for younger than older speakers, and also greater for females than males. In the
discussion, we compare Seoul Korean to other languages that previously underwent tonogenesis.
[189 words]
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Development of pitch contrast and Seoul Korean intonation: A corpus study
1. Introduction

Tonogenesis refers to a process where previously toneless languages develop a tonal contrast and
previously tonal languages multiply their tonal inventories by a tone split (Hombert 1978,
Hyman 1978, Kingston 2011, Kirby 2014, Matisoff 1973, Maran 1973, Thurgood 2002, among
others). Several steps are involved in tonogenesis. The first step is that consonantal features, such
as a voicing contrast or a laryngeal contrast, give rise to a pitch contrast. At this stage, the pitch
contrast coexists with the segmental contrast as a secondary cue. Next, the pitch contrast is
exaggerated to the extent that it can no longer be attributed to phonetic perturbation of
consonants. In the final stage, the pitch contrast develops as a tonal contrast when the
consonantal contrast that coexisted with the pitch contrast is lost.

The following table shows an example of Vietnamese tonogenesis, first proposed by
Haudricourt in 1954 (cited from Kingston 2011; also see Diffloth 1989, Matisoff 1973,
Thurgood 2002). In the initial stage, post-vocalic consonants gave rise to a three-way contrast of
pitch contours. A final stop consonant developed a rising tone, and a final fricative induced a
falling tone. A level tone developed from either open syllables or syllables with a nasal coda
consonant. In a later stage, these three tones split into two different pitch heights depending on
onset consonants. Syllables with a voiced onset developed a low tone, and those with a voiceless
initial induced a high tone, resulting in a six-way tonal contrast (2 pitch heights x 3 contours).'

Table 1. Vietnamese tonogenesis (borrowed from Kingston 2011). “T” stands for any following
stops, and the Vietnamese tone names are in parentheses.

Following consonants

CV, CVN CVT CVs, CVh
Preceding voiceless  *pa > pa *pak > pak pas > pa
consonants high level (ngang) high rising (sac) high falling (hoi)
voiced *ba > pa bak > pak bas > pa
low level (huyen) low rising (nang) low falling (nga)

Previous studies show that Seoul Korean is also undergoing a tonogenetic sound change
(Kang 2014, Kim 2000, Oh 2011, Silva 2006, Wright 2007). Korean has a unique three-way
contrast among voiceless stop consonants: aspirated /p", th, k"/, tense /p’, t’, k’/, and lenis /p, t, k/.
The three stop categories differ from one another in many acoustic features, such as Voice Onset
Time (VOT), fundamental frequency, and the amplitude difference between the first harmonic
and the second one (Cho et al. 2002, Han and Weitzman 1970, Kang 2014, Lisker and Abramson
1964, Oh 2011, Silva 2006, Wright 2007, among others).

The most frequently studied features of the Korean stops are VOT and pitch. Previous studies
demonstrate that older speakers produce the aspirated category with the longest VOT and the
tense one with the shortest VOT (Cho et al. 2002, Kang 2014, Han and Weitzman 1970, Lisker

" Thurgood (2002, 2007) states that the origin of the development of tonal contrasts in Vietnamese is the
laryngeal gestures accompanied with voice qualities, not consonants by themselves. He suggests that
rising and level tones developed from differences in voice quality, where a rising tone was induced by a
creaky voice and a level tone developed from a modal voice. See Thurgood (2002, 2007) for more
information.
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and Abramson 1964). However, the VOT difference between aspirated and lenis is merging for
younger speakers, resulting in a two-way VOT contrast: aspirated & lenis (long VOT) vs. tense
(short VOT) (Choi 2002, Kang and Guion 2008, Kang 2014, Kim 2000, Kim 2004, Kong et al.
2011, Lee and Jongman 2012, Oh 2011, Silva 2006, Wright 2007). It is also found that younger
speakers of Seoul Korean are likely to use a pitch difference in distinguishing the stop categories,
where both vowels following aspirated and tense stops are produced with a higher pitch than
those following lenis stop onsets (Jun 1996, Kang 2014, Kim 2004, Kong et al. 2011, Lee and
Jongman 2012, Oh 2011, Silva 2006, Wright 2007). This trade-off between the VOT contrast
and the pitch contrast is in line with the process of tonogenesis, where the consonantal feature is
replaced with a pitch contrast. Kang (2014) suggests that Seoul Korean is in the stage where the
VOT distinction is weakening while the pitch contrast is further being enhanced.

Many aspects of this tonogenetic change have previously been studied. Previous research
find that the VOT value of aspirated decreases and overlaps with that of lenis for younger
speakers, but not for older speakers (Jin 2008, Kang 2014, Kang and Guion 2008, Silva 2006,
Wright 2007). Also, previous studies show that there is a gender effect on VOT realization in
that young female speakers produce aspirated stops with a shorter VOT than young male
speakers do, resulting in a more overlapping VOT range between aspirated and lenis for females
(Oh 2011, Kang 2014). The observed gender pattern is in line with the finding in the literature of
sociolinguistics that female speakers lead a change below the level of (speakers’) consciousness
(Eckert 1989, Eckert and McConnell-Ginet 2003, Labov 1990, Labov 2001, among others),
meaning that females are the leaders of this tonogenetic change, which many native speakers of
Seoul Korean are not consciously aware of.

As for pitch, Kang (2014) finds that the pitch difference between lenis and aspirated is larger
for younger speakers than older ones and also larger for females than males, suggesting than the
tonogenetic sound change is the most advanced for younger females. By weighting the two
acoustic cues, VOT and 0, she shows that female speakers use f0 to distinguish aspirated from
lenis regardless of their age, whereas male speakers use both cues with a tendency that younger
males rely more on f0 than VOT. A similar gender effect is also found in perception. For
example, Kong et al. (2011) demonstrate that females more rely on a pitch cue in identifying
lenis and aspirated stops than males.

There are a few studies that investigate fricatives and affricates (Cho et al. 2002, Kang 2014,
Kim 2004), because Korean also has a three-way contrast in affricates (aspirated /ts"/, tense /ts’/,
lenis /ts/) and a two-way contrast in coronal fricatives (tense /s’/ and plain /s/). Jun (1993) finds
that a phrase-initial /s/ also triggers a high pitch, although Cho et al. (2002) show that the f0 of
syllables with the /s/ onset is lower than those with a tense /s’/. Kang (2014) finds that the pitch
value of syllables starting with the non-coronal fricative /h/ is similar to that of aspirated-stop-
initial syllables.” As for affricates, Kim (2004) and Perkins and Lee (2010) suggest that vowels
following aspirated and tense affricates are also produced with a higher pitch than those
following the lenis affricate. The results of the previous studies suggest that the tonogenetic
sound change is a structural one affecting all aspirated and tense categories.

What remains to be seen is how this tonogenetic sound change affects the intonational
melody of Seoul Korean. The model of Seoul Korean intonation proposed by Jun (1993, 1996,
2006, 2007, 2011) is provided in Figure 1. Seoul Korean has three prosodic units: Intonational
Phrase (IP), Intermediate Phrase (ip), and Accentual Phrase (AP). An IP is the largest unit,

* For our study, we categorize /s, h/ as aspirated fricatives for the same reason with Kang (2014). See the
result section.
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marked by an utterance-final boundary tone, and an ip is the domain of pitch resetting within an
utterance. One or two content words with optional grammatical markers form the smallest
prosodic unit (AP) in Seoul Korean. Jun’s theory incorporates the observation that phrase-initial
syllables show a substantial pitch difference depending on its onset category. The basic melody
of an AP is TH-LH, where T stands for either H (High) or L (Low). The first two syllables of an
AP are assigned with the first two tones (TH-LH), respectively, and the final two syllables are
assigned with the second LH melody (TH-LH). When an AP is longer than 4 syllables,
intermediate syllables receive their pitch values via interpolation from the first H (TH) to the
penultimate L (LH), and when an AP is shorter than 4 syllables, AP-medial tones (TH-LH) are
optionally undershot, resulting in various pitch patterns from L-LH, LH-H, L-H, H-LH, to H-H.

T H L Ha (H) T%

Figure 1. Intonational model of Seoul Korean (borrowed from Jun and Cha 2015).

While most previous studies investigate the pitch values of AP-initial syllables only, some
previous studies find that an AP-initial consonant has an effect on the pitch value of an AP-
second syllable (Cho and Lee 2016, Kang 2014, Lee 1999, Silva 2006). What the previous
studies find is that an AP-second syllable is produced with a higher pitch when the AP starts with
a High-pitch inducing consonant (aspirated or tense) than a Low-pitch inducing one. It indicates
that the effect of an AP-initial consonant reaches beyond an AP-initial syllable. Lee (1999)
examines 4 speakers of Seoul Korean (2 males, 2 females) and find that the second syllable of
APs starting with a H-pitch inducing stop is produced with a higher pitch than those starting with
a L-inducing one, and there is inter-speaker variation in the tonal realization of APs.’ Kang
(2014) demonstrates that there is an interaction with speakers’ age and the pitch values of the
AP-second syllable in that the pitch difference is larger for younger speakers than older ones.
Cho and Lee (2016) examine the effect of an H-pitch inducing consonant in each syllable
position of an AP. They conduct a production experiment with 8 young speakers of Seoul
Korean, using phone-number strings and natural words, and find that APs starting with a H-
inducing consonant are produced within a higher pitch range than those starting with a L-
inducing one, which suggests that not only AP-second but also later syllables are produced with
a high pitch when an AP-initial consonant is either aspirated or tense.

? Although the speakers’ age is not known in Lee (1999), his second female speaker (F2) shows a similar
pitch pattern to younger speakers (born after 1960) in our study, and the first female speaker (F1) shows a
similar pattern to females born in the 1950s. See Section 3.4.

Page 4 of 42



What the previous studies indicate is that an AP-initial onset consonant affects pitch values
of later syllables of the same AP for younger speakers. However, much less is known about this
effect. While there is evidence that VOT and pitch contrasts vary by speakers’ age and gender
and a H-pitch inducing consonant in the AP-initial position affects pitch values of non-initial
syllables, the exact pattern of the diachronic development of the AP melody and its interaction
with age and gender remains to be seen. For example, it is not clear if we see the same effect of
H-inducing consonants on non-initial syllables for old speakers, as only younger speakers are
studied in Cho and Lee (2016). If older speakers do not show similar patterns, an in-depth
investigation of the change is needed to fully understand this tonogenetic change. Also, it is not
known if the pitch differences of non-initial syllables are affected with the same rate of the
development of the AP-initial pitch difference. Did the AP-initial pitch contrast develop first and
start to affect non-initial syllables later? Or did the pitch range of entire H-initial APs become
high concomitantly? When did the AP-initial H-inducing consonants start to affect pitch values
of later syllables? These questions remain to be answered. Lastly, it is not clear how the AP tonal
pattern and the AP-initial pitch contrast are realized in different AP sizes. APs that are 2-syllable
to 5-syllable long are the most common sizes in Korean, and we hypothesize to see differences in
pitch patterns depending on whether the AP melody, TH-LH, is fully realized (4-syllable or 5-
syllable long) or the AP-medial tones (TH-LH) are undershot (2-syllable or 3-syllable long).

To observe a diachronic development of AP pitch patterns, a corpus study with a large
number of speakers with a wide age range is necessary. Thus, in this study, we employ a large-
scale corpus of Seoul Korean with 118 speakers to conduct an apparent-time study in
investigating the diachronic pattern of the change.* With the above questions in mind, this study
aims to provide a dynamic picture on the f0 dimension of the change by showing how the pitch
trajectory of APs has been changed over time due to the effect of the AP-initial pitch contrast
and how age, gender, and other linguistic factors affect the AP melody of Korean.

2. Methods
2.1. The Speech Corpus of Reading-Style Standard Korean

For the present study, we draw the speech data from The Speech Corpus of Reading-Style
Standard Korean (hereafter the NIKL corpus), published by the National Institute of the Korean
Language (NIKL 2005). The corpus consists of read speech of 60 male and 60 female speakers
of Seoul Korean, who were born and raised in Seoul or the Seoul metropolitan area. The
publisher of the corpus reports that the participants’ parents are also speakers of Seoul Korean
and have lived in the Seoul metropolitan area. The speakers’ age ranges from 19 to 71 at the time
of recording (2003). Their age is converted to their year of birth (ranging from 1932 to 1984) by
subtracting their age from 2003, following Kang’s study (2014), which employs the same corpus
in investigating the trade-off between VOT and pitch cues in Seoul Korean. The analysis of the
present study is based on 118 speakers out of 120, because the sound files of the other two

* An apparent-time study is one way of studying language change in sociolinguistics. In this method,
variation by speakers’ age in a single period of time (i.e., at the time of a study) is assumed to reflect the
linguistic patterns when the speakers acquired the language. In this way, an apparent time study allows to
study a diachronic pattern in language change for a relatively short time period. Apparent time studies
make a contrast to real-time studies, where longitudinal studies on the same topic are done in distant time
periods. See Bailey (2002), Guy (2003), or Sankoff (2006) for more information.
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speakers have technical errors.” The number of speakers of the corpus, stratified by year of birth
(YOB) and gender, is given in Table 2.

Table 2. Year of birth (aggregated by 10 year bands) and gender of the speakers in the NIKL
corpus. The numbers in parentheses are the numbers of speakers in the original corpus data.

YOB 1930s | 1940s | 1950s | 1960s | 1970s | 1980s | Total
Female 2 9(10) | 25 3 11 9 |59 (60)
Male 4 12 4 7 (8) 27 5 | 59(60)

The speech materials of the corpus are based on 19 well-known short stories, such as
traditional folk tales and personal essays, and the total number of sentences in all 19 short stories
is 930. Younger speakers (age under 50 at the time of recording) read all 19 stories, but older
speakers (age 50 or over at the time of recording) read only 11 stories out of 19.° The number of
sentences in those 11 stories is 404, and we draw the corpus data only from those sentences to
include all available speakers of the corpus in our data.

2.2. Our data

For the present study, we select 59 sentences out of 404.” The basic melody of an AP, TH-
LH, is greatly affected if an ip or IP boundary is overridden with the AP-final tone. For example,
the final boundary L tone of an IP, which often found in a declarative sentence, may override the
final boundary H tone of a sentence-final AP, obscuring the pitch pattern of the final AP. Since it
is possible for sentence-medial or -final APs to be affected by such an effect, only sentence-
initial APs, which are less likely to be affected by the boundary tones of larger prosodic units,
are included in our analysis. Table 3 provides the number of the 59 sentence-initial APs stratified
by manner of articulation of AP-initial onset consonants and Table 4 shows the number of the
target APs by their size. Since there are few sentence-initial APs that are longer than 5 syllables,
we only include 2- to 5-syllable APs in the analysis.

Although we have tried to include at least one AP for all onset categories and AP sizes, this
is not impossible for the tense category, since only five out of the total 404 sentences begin with
a tense onset. All of them begin with tense stops, leaving accidental gaps for the tense affricate
/ts’/, the tense fricative /s’/, and 5-syllable APs with a tense onset.® However, the main goal of
this study is to investigate the trajectory of change in Seoul Korean over time due to the
introduction of the AP-initial pitch contrast (H or L), not the contrast among the H-pitch
inducing categories (aspirated and tense), so the current data suffice to serve our purpose despite

> The speakers ID whose sound files contain errors are fy15, a female speaker who was born in 1948, and
mw12, a male speaker who was born in 1970. Their sound files contain no information (0 bite), so we
could not use those files for analysis. In the corpus, there were two speakers (mv15 and mv18) whose
sound files could not be opened, because the files were headerless. We could recover them by converting
them into .raw files, adding appropriate headers, and reconverting them into .wav files, so we included
them in our analysis.

% The story ID numbers of those 11 stories are from t09 to t19.

’ The sentences used in this study are provided in Appendix A.

¥ These accidental gaps seem to be inevitable, considering that there are not many words beginning with a
tense affricate or a tense fricative in Korean in general.
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the accidental gaps in the tense category.

Table 3. Number of the target APs by manner of articulation of AP-initial onset consonants and
their laryngeal category. Cells highlighted in grey indicate H-pitch inducing categories. ’

Aspirated | Tense Lenis Total
Stop 5 5 12 22
Affricate 5 0 8 13
Fricative 14 0 NA 14
Sonorant or zero (vowel-initial) NA NA NA 10

Table 4. Number of the target APs by AP size. Cells highlighted in grey represent H-pitch
inducing categories. Again, /s/ and /h/ are counted as aspirated.

Aspirated | Tense Lenis | Sonorant or vowel Total
2-syllable 2 1 4 2 9
3-syllable 10 1 5 2 18
4-syllable 10 3 7 4 24
5-syllable 2 0 4 2 8

2.3. Measurements

The sampling rate of the sound files was 16,000 Hz. For the 59 selected sentences, the onset and
offset of syllables as well as the onset and offset of sentence-initial APs were forced-aligned with
the Korean forced-aligner (Yoon and Kang 2012). The alignments of syllables and the
boundaries of the target APs were manually checked and corrected afterwards. During this
process, 20 target APs were excluded due to either reading errors, an unexpected pause within
the target AP, or unusual AP boundaries. Also, there were 5 missing files, so a total of 6,937 APs
(118 speakers x 59 sentence-initial APs — 25 incorrect or missing files) were analyzed.

As for the f0 measurement, we measured mean pitch values of all syllables within the target APs
using Praat (Boersma and Weenink 2016) with fO range set at 75-300 Hz for male speakers and
100-500 Hz for female speakers. Since the AP-initial pitch contrast stemmed from the
tonogenetic sound change of onset consonants, the f0 measurements were taken from the entire
syllable duration, including onset consonants, unlike previous studies’ methods in which the fO
measurements were taken at the midpoint of vowels (Kang 2014), or onset, midpoint, and offset
of vowels (Silva 2006).

We converted the obtained pitch values into a semitone scale (St), using speakers’ baseline
pitch values. Liberman and Pierrehumbert (1984) suggest that a natural scale for intonation
appears to show exponential decay, decreasing proportionally to a speaker’s baseline, where the
baseline stands for the bottom of the speaker’s pitch range. Following this idea, we first
computed each speaker’s baseline, which was defined as the 10™ percentile of his or her own

? /s/ and /h/ are counted as aspirated, because they pattern together with other aspirated stops in terms of
their pitch patterns. (See Section 3.3.)
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pitch range in this study.'® Afterwards, St was calculated with each speaker’s baseline as a
reference f0, using the following formula: St = log2(f0/baseline)*12. One advantage of using
this relative semitone scale over the one calculated with a fixed reference f0 is that it allows us to
compare the pitch patterns of different age and gender groups directly, since the scale was
calculated relative to each speaker’s baseline.

3. Results
3.1. Stop-initial 4-syllable APs by Age

To begin with a controlled data set, this section only examines 4-syllable APs starting with a stop
consonant. In our data, there are 11 stop-initial APs that are 4-syllable long. We select 9 APs out
of 11 that do not have a low vowel in the AP-initial syllable. There are three APs starting with an
aspirated stop, another 3 APs starting with a tense stop, and the other 3 APs starting with a lenis
stop.'! Table 5 shows the target APs and the number of syllables examined in this section.'?

Table 5. 4-syllable APs starting with a stop consonant (number of syllables examined). A dot
represents a syllable boundary. In total, 4,138 syllables are examined.

Aspirated Tense Lenis
/phi.sa.tsi.ugi/ (467) /p’om.ne.tis.i/ (463) /ka.ki.enin/ (471)
‘resort-POSS’ ‘as if showing off’ ‘there-TOP’
/phi.la.mi.na/ (458) /t’ ok kat.in.s’al/ (466) /kt.1A.ta.ni/ (456)
‘pale club or’ ‘the same rice’ ‘after that’
/k"i.ko.tsak.in/ (438) /kK’um.sok.e.sA/ (468) /ki.Ia.ta.ka/ (451)
‘of various sizes’ ‘in the dream’ ‘and then’

Figure 2 shows the mean pitch values (St) of the target APs by the laryngeal categories of the
initial stops and speakers’ YOB (aggregated in 10 year bands). In Figure 2, it is clear that the AP
pitch contours of older speakers are quite different from those of younger speakers. The pitch
difference between the H-pitch inducing categories (aspirated and tense) and lenis in the AP-
initial syllable is much larger for younger speakers than older ones, confirming the results of
previous studies on the tonogenetic sound change (Jun 1996, Silva 2006, Wright 2007, Oh 2011,
Kang 2014, Cho and Lee 2016, and among others). The AP-initial pitch difference is less than 1
St for speakers born in the 1930s, but the AP-initial pitch difference increases to about 3 St for
speakers born after 1960, meaning that the pitch difference for younger speakers is three times
larger that that of older speakers.

' We define a baseline as the 10" percentile of the total tokens of one’s pitch range using a Python script,
but see Yuan & Liberman (2014), where the authors use the 5t percentile as a baseline.

" Since there were a limited number of sentences in the corpus, it was impossible to control the place of
articulation of the initial stops.

2 The maximum number of syllables for each target AP is 472 (118 speakers x 4 syllables per AP), but
the target APs in Table 5 have fewer syllables than that because some files were excluded from the
analysis and sometimes Praat failed to track the pitch value of certain syllables due to either reduced
vowels or strong aspiration.
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Also, the result shows that the initial syllable of aspirated-initial APs is higher than that of
tense-initial APs in all age groups. Speakers born in the 1930s do not show such a difference
between the aspirated and tense contexts, but speakers born after 1940 produce the first syllable
of aspirated-initial APs with a higher pitch than the one in the tense context. However, this pitch
difference does not seem to change depending on speakers’ YOB, suggesting that the difference
between the two contexts is not attributed to the tonogenetic change. Also, it is noticeable that
aspirated-initial and tense-initial APs do not seem to be different from the AP-second position to
the final position, suggesting both aspirated and tense are the categories affected by the
tonogenetic change.

1930s 1940s 1950s

3] -e- aspirated
a - tense

C .

@ -&- |enis

[}

=

41 2 3 41
Syllable position in AP

Figure 2. Mean pitch value (St) of each syllable in the target APs by the stop categories and
speakers’ year of birth, aggregated in 10 year bands. Syllable positions within the target APs are
shown in the x-axis, where “1” means AP-initial and “4” means AP-fourth (final) syllables.

Figure 2 also shows that the pitch difference between H-initial and L-initial APs in the AP-
second syllable increases in younger speakers, when compared to older ones. The difference
among speakers born in the 1930s and 40s show that only the AP-initial syllable is affected by
the change, but from speakers born after 1950, it is clearly seen that the AP-second syllable is
also produced with a remarkably higher pitch when an AP starts with a H-pitch inducing
segment than when it starts with a L-pitch inducing one. This result is in line with previous
studies (Silva 2006, Kang 2014), which also find a pitch difference in the AP-second syllable.
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What is interesting in our result is that the pitch difference between H-initial and L-initial
APs is found not only in the first two syllables of an AP but also in the remaining syllables for
younger speakers. For speakers born in the 1930s, 40s, and 50s, the pitch difference in the third
and fourth syllables is not much noticeable. However, the pitch value of the AP-third syllable is
higher in the H-initial APs than in the L-initial ones for speakers born after 1960. Considering
that the AP-third syllable is the position where the intonational L of the final LH boundary tones
occurs in the Korean ToBI model, it is noteworthy that the pitch difference that younger speakers
show is about 2 St in the AP-third syllable position.

There also exist differences in the AP-fourth syllable between older and younger speakers.
Older speakers born in the 1930s, 40s, and 50s do not show a pitch difference between L-initial
and H-initial APs in the AP-fourth position. The mean pitch values of the fourth syllables of
tense-initial and lenis-initial APs are not that different for speakers born in the 1960s and 70s,
although that of aspirated-initial APs is slightly higher than those. In addition, the youngest
speakers, those born in the 1980s, produce the fourth syllables of both aspirated and tense-initial
APs with a higher pitch than that of lenis-initial APs. However, it is clear that the effect of the
AP-initial pitch context considerably decreases in the AP-fourth syllable even for younger
speakers, when compared to its effect in the first syllable position.

To see if the observed differences are statistically significant, we built four linear mixed-
effects models, one for each syllable position. In the analyses, a dependent variable is speakers’
pitch values in each position and the independent variables are the three stop categories and
speakers’ YOB. Each speaker is included as a random effect. The reference category for the
stops is Lenis, and YOB is centered at 1961, which is the median value in the corpus, following
the method used in Kang (2014). Table 6 summarizes the results of the linear mixed-effects
analyses.

The results confirm that Aspirated and Tense are produced with a significantly higher pitch
in all AP positions except the final one (p < 0.001 for the AP-initial, second, and third positions).
For example, the estimated pitch values of aspirated-initial and tense-initial APs are 3.31 St and
2.45 St higher than that of lenis-initial APs in the AP-initial position, respectively (p < 0.001 for
both comparisons). While both Aspirated and Tense show a higher pitch value than Lenis in the
first syllable, the models show that the pitch difference from Lenis is larger for Aspirated (3.31
St) than Tense (2.45 St), confirming our observation made in Figure 2. This result is in line with
some of the previous studies (Choi 2002, Kim 1994, Silva 2006, Lee and Jongman 2012) that
also find a pitch difference between Tense and Aspirated in the AP-initial syllable."’ Also, the
models estimate that even the third syllables of Aspirated and Tense are 0.97 St and 1.26 St
higher than that of Lenis (p < 0.001 for both comparisons), but the size of the pitch difference is
larger for the Lenis-Tense comparison (1.26 St) than the Lenis-Aspirated in this case (0.97 St).

The effect of YOB on lenis-initial APs is not significant in the first two syllable positions,
but it was significant in the last two positions (p = 0.002 for AP-third, p = 0.002 for AP-final).
This seems to be because younger speakers tend to undershoot the intonational L tone of the AP-
penultimate syllable in the lenis context. Speakers born in the 1930s, 40s, and 50s produce the
third syllable of lenis-initial APs with a slightly lower pitch than the first and second syllables,

" It is not clear why we observe such a difference between Aspirated and Tense in the AP-initial position,
but one possibility is that it is due to the physiological difference of the larynx when producing the two
stop categories. Previous studies show that the tense category is characterized with a complete adduction
of the vocal folds, whereas the aspirated category is associated with an abducted state of the vocal folds
(Kagaya 1974, Hirose et al. 1974, Jun, Beckman & Lee 1998, Cho et al. 2002, among others).
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but those born after 1960 do not show such a pitch lowering on the penultimate position,
producing rather a LH-(L)H or even L-H pattern (Figure 2).'* The estimated pitch value of the
penultimate L tone of speakers born in 1932 is 2.99 St (= 3.86 + (0.03 x (1932 — 1961))),
whereas that of speakers born in 1984 is 4.55 St (= 3.86 + (0.03 x (1984 — 1961)))."”

Table 6. The outputs of linear mixed-effects models of stop-initial 4-syllable APs by Syllable
Position and YOB. Lenis is the reference category for stops, and YOB is centered at 1961.

AP-initial Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.82 0.14 27.01 <0.00] ***
YOB 0.00 0.01 -0.33 0.739
Aspirated 3.31 0.14 23.81 <0.00] ***
Tense 2.45 0.14 18.05 <0.0071 ***
YOB*Aspirated 0.04 0.01 416  <0.001 ***
YOB*Tense 0.04 0.01 4.03 <0.00] ***
AP-second Estimate  Std. Error  t-value Pr (>¢)
(Intercept) 3.73 0.13 2847  <0.001 ***
YOB 0.01 0.09 1.16 0.248
Aspirated 2.87 0.10 2824  <0.001 ***
Tense 2.67 0.10 26.31 <0.00] ***
YOB*Aspirated 0.06 0.01 7.97  <0.001***
YOB*Tense 0.07 0.01 932  <0.00] ***
AP-third Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.86 0.13 30.91 <0.0071 ***
YOB 0.03 0.01 3.09 0.002 **
Aspirated 0.97 0.10 9.23 <0.007] **x*
Tense 1.26 0.10 12.11 <0.001 ***
YOB*Aspirated 0.04 0.01 5.21 <0.007 ***
YOB*Tense 0.05 0.01 0.24  <0.00]1 ***
AP-final Estimate  Std. Error  t-value Pr (>l1)
(Intercept) 4.18 0.14 29.84 <0.00] ***
YOB 0.03 0.01 3.19 0.002 **
Aspirated 0.18 0.14 1.29 0.198
Tense -0.21 0.14 -1.53 0.127
YOB*Aspirated 0.03 0.01 2.66 0.008 **
YOB*Tense 0.02 0.01 1.58 0.114

" Lee (1999) finds the same inter-speaker variation in the production of the intonational L tone on the
penultimate syllable. He explains that the penultimate L tone undershoot is more frequently found in fast
speech. Cho (2011) also finds a similar effect of speech rate on the realization of an AP pitch pattern. She
shows that not all four intonational tones (LH-LH) are realized in fast speech.

" Since YOB is centered at 1961, the interaction coefficient is multiplied by the year difference from
1961 and the resulting value is added to the intercept in order to calculate the estimated value of a
speaker’s pitch value. A similar formula is used in Kang (2014), which uses the same corpus.
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Even though younger speakers produce the penultimate and final syllables of lenis-initial
APs with a higher pitch than older ones, the models still estimate that the pitch difference
between H-initial and L-initial APs significantly varies by speakers’ YOB. The two-way
interaction of Aspirated and YOB are significant in all syllable positions (p < 0.001 for AP-
initial, second, and third syllables, p = 0.008 for the AP-final position). That is, the pitch
difference between lenis- and aspirated-initial APs increases for younger speakers in all syllable
positions, confirming the observation made in Figure 2. For example, the lenis-aspirated
difference in the AP-initial syllable for speakers born in 1932 is 2.15 St (= 3.31 + (0.04 x (1932 —
1961))), but this difference increases to 4.23 St (= 3.31 + (0.04 x (1984 — 1961))) for speakers
born in 1984. Similarly, the model estimates that the lenis-aspirated difference in the final
syllable increases 0.03 St/YOB, showing that the pitch trajectory of aspirated-initial APs is
higher for younger speakers than older speakers.

Similarly, the lenis-tense difference significantly increases by a function of YOB in all
syllable positions except the AP-final (p < 0.001 for the first three positions). For example, the
difference increases by 0.04 St/'YOB in the AP-initial, by 0.07 St/YOB in the AP-second, and
0.05 St/YOB in the AP-third positions. The lenis-tense difference in the AP-third syllable is
estimated to -0.19 St (= 1.26 + (0.05 x (1932 — 1961))) for speakers born in 1932, meaning the
pitch value of the third syllable in lenis-initial APs is higher than that of tense-initial ones.
However, this difference increases to 2.41 St (= 1.26 + (0.05 x (1984 — 1961))) for speakers born
in 1984, indicating that the pitch value of tense-initial APs is higher than that of lenis-initial
ones. It confirms our observation in Figure 2 that tense-initial APs are produced in a higher pitch
range for younger speakers than older speakers. The model also estimates that there is a 0.02 St
of pitch increment per YOB in the AP-final position, but this difference is not found significant.

While both YOB x Aspirated and YOB x Tense are found to be significant in the first three
syllables, it is interesting to note that the pitch increment per YOB is not consistently larger for
one interaction than the other. For example, the estimated coefficient of Aspirated x YOB in the
AP-initial position (0.041 St/YOB) is slightly larger than that of Tense (0.039 St/'YOB).
However, that of Tense is larger than that of Aspirated in the AP-second and third positions,
suggesting that the pitch value of Aspirated increases faster than that of Tense in the AP-initial
position, but not in the other positions.

3.2. Stop-initial 4-syllable APs by Age and Gender

In this section, we investigate how the AP pattern varies by age and gender, using the same data
set (stop-initial 4-syllable APs) in the previous section (Table 5). Figure 3 shows the mean pitch
(St) of each syllable position by YOB and Gender. Since the APs starting with an aspirated or a
tense consonant show similar pitch patterns in the previous section, the two categories are
combined together as the H-initial context in Figure 3.

Figure 3 shows that the gender difference for older speakers born in the 1930s, 40s, and 50s
is not especially salient. The AP pitch patterns of female speakers born in the 1940s overlap with
those of male speakers, and female and male speakers born in the 1950s also show somewhat
overlapping pitch patterns. However, it is notable that the pitch difference between H- and L-
initial APs increases rapidly for old female speakers, when compared to their male cohort.
Female speakers born in the 1930s do not show any pitch difference between H-initial and L-
initial APs, whereas females born in the 1940s show a pitch difference in the AP-first and second
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syllables and those born in the 1950s show a pitch difference from the first to the third syllables.
Old male speakers, on the other hand, do not seem to change that much.

1930s 1940s 1950s

%)

-

S

S 1960s 1970s 1980s

- context
3 o H
= L

1 2 3 4 1 2 3 4 A 2 3 4
Syllable position in AP

Figure 3: Mean pitch value (St) of each syllable in the target APs by speakers’ gender (females:
solid lines, males: dashed lines) and year of birth, aggregated in 10 year bands. Syllable positions
within the target APs are shown in the x-axis, where “1” means AP-initial and “4” means AP-
fourth syllables. The H-pitch inducing context includes APs starting with aspirated or tense
consonants, and the L-pitch inducing context includes those starting with lenis stop consonants.

As for younger speakers born after 1960, female speakers generally show a larger pitch
difference between H-initial and L-initial APs than male speakers.'® In particular, it is notable
that younger female speakers produce larger pitch differences than younger male speakers in all
AP positions. For example, the pitch difference female speakers born in the 1970s show is about
1.5 St in the AP third syllable, whereas that of their male cohort is less than 1 St. Similarly,
females born in the 1980s exhibit a larger pitch difference between H- and L-initial APs than
their male cohort in all AP positions.

' The pitch difference between H- and L-initial APs for female speakers born in the 1960s is twice larger
than that of their male cohort, especially in the first three AP positions. This seems to be because two out
of the three female speakers born in the 1960s have an unusually wide pitch range. One of them (speaker

ID: fx08) has the widest pitch range among all 118 speakers in the data, and the other speaker (ID: fx20)
has the second widest pitch range.
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As for statistical analyses, we built four linear mixed-effects models (one for each syllable
position) to examine how the effect of AP-initial consonants varies according to speakers’ YOB
and gender. In each model, a dependent variable is a pitch value (St) in a given syllable position,
and independent variables include Gender, YOB, Context (H-initial vs. L-initial), and their
interactions. The reference category for Gender is males, and the reference of Context is L-
initial. YOB is centered at 1961, and each speaker is added as a random effect. Table 7
summarizes the outputs of the linear mixed-effect analyses.

The main effect of Context is significant in the AP-initial, second, and third positions, except
the final position (p < 0.001 for the three positions). The models estimate that the H-L pitch
difference is the largest in the AP-initial position (2.77 St), followed by the AP-second position
(2.54 St). However, this pitch difference considerably decreases in the AP-third position (0.91
St), indicating that the effect of the AP-initial pitch context is weakened in the penultimate
syllable due to the intonational L tone (TH-LH). Accordingly, the model does not find a
significant effect of Context in the AP-final position.

Although the main effect of Gender is not found significant in all AP positions, the results
show that the gender difference in pitch varies by Context (in the AP-second and third positions)
and by the interaction of Context and YOB (in the AP-second, third, and final positions)."” The
two-way interactions of Gender and Context in the AP-second and third syllables indicate that
the pitch difference between the H and L contexts is 0.49 St and 0.46 St larger for female
speakers than males in those positions, respectively (p = 0.005 for AP-second, p = 0.012 for AP-
third). For example, the estimated difference in the AP-second syllable is 3.73 St for male
speakers, but this difference increases to 4.22 St (= 3.73 + 0.49) for females. This effect is also
shown in Figure 3; the H-L contrasts in the AP-second and third syllables are larger for females
than males, except those born in the 1930s and 40s. Similarly, the estimated pitch difference in
the AP-third position is 4.07 St for male speakers, but that of female speakers increases to 4.53
St (=4.07 + 0.46).

The significant three-way interaction of YOB, Gender, and Context in the AP-second, third,
and final positions (p = 0.004 for AP-second, p < 0.001 for AP-third, p = 0.005 for AP-final)
suggests that the gender difference in the H-L contrast is modulated by a function of YOB. That
is, younger speakers show a larger gender difference in the H-L contrast than older ones. For
example, the gender difference between H- and L-initial APs (Gender x Context) in the AP-
second syllable is 0.49 St, indicating that females, in general, show a 0.49 St larger H-L contrast
than males. However, the model estimates that this gender difference increases by 0.036
St/YOB. For example, the estimated gender difference for speakers born in 1932 is -0.55 St (=
0.49 + (0.036 x (1932 — 1961))), suggesting that female speakers show a 0.55 St smaller H-L
difference than male speakers. However, the difference increases to 1.32 St (= 0.49 + (0.036 x
(1984 — 1961))) for speakers born in 1984, suggesting that female speakers born in 1984 show a
1.32 St larger H-L contrast in the AP-second syllable than their male cohort. This three-way
interaction is also observed in Figure 3. For instance, male speakers born in the 1930s show a
larger H-L contrast than their female cohort in the AP-second syllable, but males born in the
1980s show a smaller H-L contrast than their female cohort in that position. Similar three-way
interactions are found in the AP-third and final positions, suggesting that female speakers in
general produce a larger H-L contrast in non-initial positions than males, and this gender
difference is larger for younger speakers than older ones.

' The reason that the main effects of Gender and the two-way interaction of Gender and YOB are not
significant in all syllable positions is because pitch is normalized using the relative St scale in this study.
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Table 7. The outputs of linear mixed-effects models of stop-initial 4-syllable APs by YOB,
Gender and Context. L-initial is the reference category for the AP-initial context, and male
speakers are the reference category for Gender. YOB is centered at 1961. Estimated coefficients
are rounded at the second decimal place.

AP-initial Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 3.66 0.20 1786  <0.001 ***
YOB 0.01 0.01 0.44 0.664
Gender 0.29 0.28 1.03 0.305
Context 2.77 0.18 15.64  <0.001 ***
YOB*Gender -0.02 0.02 -0.9 0.368
YOB*Context 0.03 0.01 2.74 0.006 **
Gender*Context 0.20 0.24 0.83 0.409
YOB*Gender*Context 0.02 0.02 1.05 0.292
AP-second Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 3.73 0.19 19.89  <0.001 ***
YOB 0.02 0.01 1.34 0.183
Gender -0.03 0.26 -0.11 0.915
Context 2.54 0.13 20.26  <0.001 ***
YOB*Gender -0.01 0.02 -0.74 0.464
YOB*Context 0.05 0.01 576 <0.001 ***
Gender*Context 0.49 0.18 3.81 0.005 **
Y OB*Gender*Context 0.04 0.01 2.87 0.004 **
AP-third Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 4.07 0.18 2294  <0.001 ***
YOB 0.02 0.01 2.05 0.042*
Gender -0.41 0.25 -1.66 0.099
Context 0.91 0.13 7.08  <0.001***
YOB*Gender 0.00 0.02 0.24 0.814
YOB*Context 0.02 0.01 2.71 0.007 **
Gender*Context 0.46 0.18 2.52 0.012*

Y OB*Gender*Context 0.05 0.01 3.67 <0.001***
AP-final Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 4.41 0.20 2238  <0.001 ***
YOB 0.03 0.01 2.06 0.040*
Gender -0.45 0.27 -1.64 0.102
Context 0.06 0.17 0.36 0.720
YOB*Gender 0.01 0.02 0.35 0.715
YOB*Context 0.00 0.01 -0.05 0.963
Gender*Context -0.09 0.24 -0.39 0.695

Y OB*Gender*Context 0.05 0.02 2.80 0.005 **

3.3. All 4-syllable APs by YOB
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In this section, we examine different manners of articulation with all 4-syllable APs in our
data to see if fricative-initial and affricate-initial APs show similar patterns to stop-initial ones
observed in the previous section. Our data include 24 APs that are 4-syllable long. Out of 24
APs, 10 APs start with an aspirated consonant, 3 of them with a tense consonant, 7 of them with
a lenis, and the other 4 with a vowel or sonorant. Fricative-initial APs are all coded as H-initial,
as previous studies show that a fricative-initial AP induces a H pitch on the AP-initial syllable
(Jun 1993, Cho et al. 2002, Kang 2014, among others). The corpus does not have a sentence-
initial AP starting with an aspirated or tense affricate. Accordingly, all affricate-initial APs in our
data begin with a lenis affricate, so all of them are coded as L-initial in the analysis. In total,
11,199 syllables are investigated in this section. Table 8 shows the target APs and the number of
examined syllables by their manner of articulation and their AP-initial tonal context.'®

Table 8. All 4-syllable APs in the data (number of examined syllables) by AP-initial onset
consonants. A dot represents a syllable boundary. Since an AP-initial sonorant or vowel induces
a L tone, no AP is listed in the H-initial cell of the sonorant or vowel-initial column.

Affricate (L-initial) or

Stop Fricative (H-initial) Sonorant or vowel

/ka.jap.ke.to/ (472) /tso.sar).e.ke/ (469) /ma.mu.k’un.in/ (944)
‘pitifully’ ‘ancester-from’ ‘woodman-TOPIC’
/ka.ki.e.nin/ (471) /tsam.si.hu.e/ (472) /nal.ke.o.sil/ (471)
‘there-TOPIC’ ‘after a while’ ‘celestial robe-AccC’

L- | /pa.tatka.e/ (463) /A.ma.ni.ka/ (468)

initial | ‘seashore-LOC’ ‘mother-NOM’

/ki.la.ta.ka/ (456)
‘and then’
/ki.la.ta.ni/ (451)
‘then’
/phi.sa.tsi.ugi/ (467) /ho.lag.i.nin/ (1414)
‘resort-POss’ ‘tiger-TOPIC’
/phi.la.mi.na/ (458) /hon.tsa.nam.in/ (472)
‘pale club or’ ‘left glonez’ .
/khi ko.tsak.in/ (438) | /S&-mjan.k un.in/ (472)
. , . hunter-TOPIC

H- | ‘of various sizes /sin.sin.ha.ko/ (472)

initial | /p’om.ne.tis.i/ (463) “fresh’

‘as if showing off’ /sin.ha.til.i/ (472)

/t’ ok kat.in.s’al/ (466) ‘liege subjects-NOM’
‘the same rice’
/kK’um.sok.e.sA/ (468)
‘in the dream’

'® There are three sentences starting with the same AP /ho.lan.i.nin/ ‘tiger-TOPIC’, and two sentences
starting with /na.mu.k’un.in/ ‘woodman-TOPIC’.
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Figure 4 shows the mean pitch values of sentence-initial 4-syllable APs by the manner of
articulation, the tonal context of the AP-initial consonant and speakers’ YOB. What is noticeable
is that the pitch trajectories of APs starting with an aspirated fricative, /s/ or /h/, do not greatly
differ from those starting with a H-pitch inducing stop in all age groups. There seems to be less
than a 1 St difference between those APs in the H context (solid lines in Figure 4), yet their pitch
patterns look remarkably similar to each other. This result is in line with those of the previous
studies, which suggest that this tonogenetic sound change is a structural one, affecting all AP-
initial [+ aspirated/tense] consonants (Kang and Guion 2008, Kang 2014).

1930s 1940s 1950s

manner of
articulation

® stop

A fricative

o m affricate
a 1960s 1970s 1980s sonorant
c

o

+
+vowel
context
—H
- L

1 2 3 441 2 3 41 2 3 4
Syllable position in AP
Figure 4: Mean pitch value (St) of each syllable in the target APs by manner of articulation and
speakers’ year of birth, aggregated in 10 year bands. The H-pitch inducing context (solid lines)
includes APs starting with aspirated stops, tense stops, or aspirated fricatives, and the L-pitch
inducing context (dashed lines) includes those starting with lenis stops, lenis affricates,
sonorants, or vowels.

What is interesting in Figure 4 is that the pitch pattern of APs starting with an aspirated
fricative also seems to diverge from L-initial ones in younger speakers. For speakers born in the
1930s, the AP-initial syllables show a small pitch difference between the two tonal contexts, but
the other syllables do not show such a difference. The speakers born in the 1940s show a larger
and clearer AP-initial pitch difference than those born in the 1930s, and they also exhibit a small
pitch difference in the AP second syllable. However, their pitch values of the third and final
syllables in H-initial APs almost overlap with those in L-initial ones. From speakers born after
1950, the effect of H-inducing consonants is clearly seen in the AP-initial, second, and third
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syllables, yet again the pitch values of H-initial and L-initial APs overlap in the AP-final syllable
position due to the effect of the intonational L tone in the penultimate syllable.

While the pitch patterns of L-initial APs do not differ that much among all age groups, we
observe that the first syllables of sonorant or vowel-initial APs are constantly about 1 Stto 1.5 St
lower than those starting with a lenis stop or a lenis affricate in all age groups. This seems to be
due to the cross-linguistic pattern that a vowel following a voiceless segment is produced with a
higher pitch than those following a voiced segment word-initially (Lehiste and Peterson 1961,
Mohr 1971, Jun 1996, Hanson 2009, among others). Since all obstruents in Korean are voiceless
word-initially, it is reasonable to observe such a pitch difference between APs starting with a
lenis stop or affricate and those starting with a sonorant or vowel. However, considering that this
pitch difference in the first syllable position is the effect size of physiological perturbation, the
pitch difference between H-initial and L-initial APs among speakers born after 1950 (about 3 to
4 St) must not be attributed to automatic phonetic perturbation.

One more observation in Figure 4 is that APs starting with a lenis affricate show a higher
pitch value on the AP-second syllable than the other L-initial APs. Also, this pitch difference in
the AP-second position increases in younger speakers. For example, speakers born in the 1940s
show about a 0.5 St pitch difference in the AP-second position, but this difference increases to
about 1.5 St for speakers born in the 1980s. This seems to be because the AP-second syllable of
APs starting with a lenis affricate has a fricative onset consonant. The two lenis affricate-initial
APs, /tso.san).e.ke/ ‘ancestor-from’ and /tsam.si.hu.e/ ‘after a while’, happen to have an aspirated
fricative /s/ in the second syllable. On the other hand, all second syllables of APs starting with
other L-pitch inducing consonants do not have a H-inducing onset consonant (Table 8). This
segmental difference seems to cause the observed pitch difference on the second syllable among
L-initial APs. However, the size of the increment for younger speakers is quite small, when
compared to the pitch contrast from the AP-initial consonant context, suggesting that it seems to
be due to a segmental effect.

As for statistical analyses, we built 4 linear mixed-effects models (one for each syllable
position) to examine if APs starting with distinct manners of articulation and laryngeal gestures
yield significant pitch differences. In the models, a dependent variable is pitch values (St) of a
given syllable position, and independent variables are manner of articulation of AP-initial onsets
and speakers” YOB. As for the manner of articulation, stops are divided into H-inducing and L-
inducing ones and APs starting with a lenis stop (L-initial Stop) are the reference category for
manner of articulation.'” Each speaker is added as a random effect. Table 9 summarizes the
outputs of the linear mixed-effects models.

Table 9. The outputs of linear mixed-effects models of 4-syllable APs by YOB and manner of
articulation of AP-initial onsets. A lenis stop is the reference category for Manner of articulation,
and YOB is centered at 1961.

"% Note that fricatives are not divided by their tonal context, because all fricative-initial APs are in the H
context. Also, the models do not include H-inducing Affricate, because all AP-initial affricates in our data
start with the lenis one.
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AP-initial Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.39 0.12 2941  <0.001 ***
Lenis Affricate 0.13 0.12 1.14 0.255
Fricative 3.22 0.08 39.01 <0.001***
H-inducing Stop 3.29 0.09 38.10 < 0.001 ***
Sonorant or Vowel -1.36 0.09 -14.42  <0.001 ***
YOB 0.00 0.01 -0.09 0.932
YOB#*Lenis Affricate 0.00 0.01 -0.42 0.674
YOB*Fricative 0.05 0.01 8.78 < 0.001 ***
YOB*H-inducing Stop 0.04 0.01 6.14  <0.001 ***
YOB*Sonorant or vowel -0.01 0.01 -0.89 0.375
AP-second Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 3.77 0.12 31.92  <0.001 ***
Lenis Affricate 1.08 0.10 11.12  <0.001 ***
Fricative 2.50 0.07 36.72 <0.001 ***
H-inducing Stop 2.73 0.07 38.56 < 0.001 ***
Sonorant or Vowel 0.03 0.08 0.33 0.740
YOB 0.01 0.01 1.67 0.097
YOB*Lenis Affricate 0.02 0.01 3.01 0.003 **
YOB*Fricative 0.06 0.01 12.58 < 0.001 ***
YOB*H-inducing Stop 0.06 0.01 11.77 <0.001 ***
YOB*Sonorant or vowel 0.00 0.01 -0.47 0.641
AP-third Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 4.14 0.11 36.24  <0.001 ***
Lenis Affricate 0.20 0.11 1.90 0.058
Fricative 0.89 0.08 11.89 < 0.001 ***
H-inducing Stop 0.83 0.08 10.69 < 0.001 ***
Sonorant or Vowel 0.09 0.09 1.04 0.299
YOB 0.03 0.01 3.92 <0.001 ***
YOB#*Lenis Affricate 0.01 0.01 1.10 0.270
YOB*Fricative 0.03 0.01 5.80  <0.001 ***
YOB*H-inducing Stop 0.04 0.01 6.89  <0.001 ***
YOB*Sonorant or vowel 0.01 0.01 0.52 0.606
AP-final Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 4.19 0.13 33.04  <0.001 ***
Lenis Affricate 0.00 0.12 0.01 0.990
Fricative 0.75 0.08 8.85  <0.001 ***
H-inducing Stop -0.02 0.09 -0.26 0.793
Sonorant or Vowel 0.33 0.10 3.35  <0.001 ***
YOB 0.04 0.01 4,18  <0.00] ***
YOB#*Lenis Affricate -0.01 0.01 -0.87 0.387
YOB*Fricative 0.01 0.01 1.94 0.052
YOB*H-inducing Stop 0.01 0.01 2.40 0.017*
YOB*Sonorant or vowel 0.00 0.01 -0.24 0.808
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The models estimate that the pitch values of fricative-initial APs are significantly higher than
those starting with a lenis stop (the reference category) in all syllable positions (p < 0.001 for all
comparisons). The estimated pitch value of the AP-initial syllable is 3.39 St for APs with a lenis
stop onset, but this increases to 6.61 St (= 3.39 + 3.22) for fricative-initial APs. A similar trend is
found even in the AP-final syllables, but the pitch difference between the two APs (0.75 St) is
not as large as the one found in the AP-first syllable. The models also estimate that the effect of
Fricative is quite similar to that of H-inducing Stop in all syllable positions, except the final. For
example, the estimated coefficient of Fricative is 3.22 St and that of H-inducing Stop is 3.29 St
for the AP-initial position, showing that the first syllables of Fricative and H-inducing Stop are
not that much different from each other. The two consonant categories are also similar in the AP-
second (Fricative: 2.5 St, H-inducing Stop: 2.73 St) and AP-third positions (Fricative: 0.89 St, H-
inducing Stop: 0.83 St). This result suggests that both aspirated fricatives and H-inducing stops
belong to the same category (aspirated) and they pattern together with regard to this tonogenetic
sound change.

In addition, the models find that the interaction of YOB and Fricative is significant in the
first three AP-positions (p < 0.001 for AP-initial, second, and third syllables). This result
indicates that the pitch difference between APs with lenis stop onsets and those with fricative
onsets increases in younger speakers. The size of increment is the largest for AP-second syllables
(0.06 St/'YOB) and the smallest for AP-third syllables (0.03 St/YOB). For example, the estimated
pitch difference in the AP-second syllables of Lenis Stop and Fricative is 1.48 St (= 3.22 + (0.06
x (1932 — 1961))) for speakers born in 1932, yet this difference increases to 4.6 St (= 3.22 +
(0.06 x (1984 — 1961))) for those born in 1984. That is, speakers born in 1984 produce a 3.12 St
larger pitch difference (= 4.6 — 1.48) on the AP-second position than those born in 1932. This
difference between speakers born in 1932 and those born in 1984 decreases to 0.52 St (= 0.01 x
(1984 — 1932)) in the AP-final position, indicating that the effect of AP-initial Fricative
decreases in the final syllable, although the model finds this effect marginally significant (p =
0.052). Also, it is notable that the interaction of YOB and Fricative has a similar size of effect
with the interaction of YOB and H-inducing Stop in all AP positions (Table 9), confirming again
that this tonogenetic sound change is a structural one.

As for the comparison of Lenis Stop and Lenis Affricates, those two APs are not significantly
different from one another in all syllable positions, except the AP-second. As observed in Figure
3, the estimated pitch value of Lenis Affricate is 1.08 St higher than that of Lenis Stop due to the
effect of H-inducing consonant /s/ in that position (p < 0.001). Also, the interaction of Lenis
Affricate and YOB in the AP-second syllable is found to be significant (p = 0.003), suggesting
that the pitch difference between Lenis Stop and Lenis Affricate increases by 0.02 St/'YOB. For
example, speakers born in 1932 show a 0.5 St of pitch difference (= 1.08 + (0.02 x (1932 —
1961))) between Lenis Affricate and Lenis Stop, but this difference is augmented to 1.54 St for
speakers born in 1984. These results indicate that a H-pitch inducing consonant in non-initial
syllables may have an effect on pitch for younger speakers, raising the pitch value of the given
syllables. This result is in line with Cho and Lee (2016), which also finds that younger speakers
(in their 20s) produce a small pitch increment in non-initial syllables with a H-pitch inducing
onset consonant. However, the fricative /s/ in the AP-second position does not play a more
important role than H-inducing consonants in the AP-initial position, which show a global effect
raising pitch values of all syllables in the given AP. The result shows that H-inducing consonants
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in the AP-initial position have a global effect on the pitch range of the AP, whereas those in non-
initial APs show a local effect on the pitch value of the given syllable.

Lastly, APs starting with a sonorant or a vowel are found to be significantly different from
those starting with a lenis stop in the AP-initial and AP-final syllables (p < 0.001 for both
positions). The significant difference in the AP-initial position seems to be because lenis stops
are voiceless in Seoul Korean. The crosslinguistic tendency for voiceless stops to induce a high
pitch on the following vowel attributes to the result that the initial syllable of APs starting with a
lenis stop shows a 1.36 St higher pitch value than those starting with a sonorant or vowel.
Although it is not clear why the pitch difference in the AP-final syllable is significant, it is
noteworthy that the interaction between YOB and Sonorant is not significant in any syllables,
indicating that the pitch differences between Lenis Stop and Sonorant are not due to the
tonogenetic sound change.

3.4. All sentence-initial APs by AP size, YOB, and gender

In this section, we look at all sentence-initial APs in our data by their AP size to investigate if
APs of different sizes show similar patterns observed in the previous sections. Since the result of
the previous section shows that APs starting with fricatives pattern together with those with H-
inducing stops, we combine all APs starting with a H-inducing consonant as H-initial. Similarly,
based on the result of the previous section that the pitch difference among L-initial APs is not
due to the tonogenetic sound, we combine APs starting with a lenis consonant, sonorant, or a
vowel as L-initial for the sake of simplicity.

3.4.1. 2-syllable APs by YOB and gender

We first begin with 2-syllable APs. Our data contain 9 2-syllable APs, and 2 of them start
with aspirated consonants, 1 with a tense consonant, 4 with lenis consonants, and the other 2
with nasals. The total number of syllables examined is 2,080. Table 10 shows the target APs and
their number of syllables by their AP-initial pitch context.

Table 10. 2-syllable APs by their AP-initial pitch context (number of syllables examined). A dot
marks a syllable boundary.

. /tsha.ga/ (229) /tsPan.so/ (236) /p’on.p’ony/ (236)
H-initial ] R . ., p s
car-NOM cleaning bang, bang!
/na.nin/ (236) /na.ugi/ (236) /tsa.lil/ (234)
Leinitial ‘me-TOPIC’ ‘my’ ‘me (humble)-Acc’
/ki.t’e/ (230) /ki.ka/ (220) /tsa.nin/ (233)
‘that time’ ‘that’ ‘me (humble)-ToPIC’

Figure 5 shows the mean pitch values of the 2-syllable APs by Context, Gender, and YOB.
Here, the main difference from 4-syllable APs is that the pitch difference between H-initial and
L-initial APs does not dramatically decrease in the AP-final (second) position for younger
speakers. Figure 5 clearly shows that the pitch differences between the H-initial and L-initial
contexts in both AP-initial and second positions increase in younger speakers. For example, the
pitch trajectories of the H and L contexts converge in the AP-second syllable for speakers born in
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the 1930s, but the pitch patterns do not converge in younger speakers, showing a large pitch
difference (about 3 to 4 St) in the second syllable. The gender difference is not as large as the
context difference, but in general, female speakers seem to produce a larger pitch difference
between H-initial and L-initial contexts than male speakers.

1930s 1940s 1950s

<

o

3 1960s 1970s 1980s

c context
3 o H

= A L

1 2 1 2 1 2
Syllable position in AP

Figure 5. Mean pitch value (St) of each syllable in the 2-syllable APs by Context, Gender, and
YOB. Solid lines show females, and dotted lines show males. H-initial includes all APs starting
with aspirated or tense consonants, and the other APs are L-initial.

We conduct two linear mixed-effects analyses to examine the effect of Context, Gender, and
YOB in 2-syllable APs. In the models, the dependent variable is the pitch values (St) of each
syllable position and independent variables are their pitch contexts (H-initial vs. L-initial),
Gender, and YOB. The reference category of Gender is males, and the reference of Context is L-
initial. YOB is centered at 1961, and speakers are included as a random effect. Table 11
summarizes the outputs of the models.

The models estimate that the effect of Context and two-way interactions with Context
(Gender x Context and Context x YOB) are significant in both positions, while the others are not.
The significant main effect of Context (p < 0.001 in both positions) indicates that the syllables
in the H-initial context are produced with a higher pitch value (3.59 St for AP-initial, 2.01 St for
AP-second) than those in the L-initial context in both AP-initial and second positions. Also, the
significant interaction of Context with Gender (p = 0.009 for AP-initial, p = 0.015 for AP-second)
indicates that the pitch difference between the H and L contexts is larger for female speakers
than male speakers in both AP positions. The models estimate that the pitch difference between
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H-initial and L-initial APs is 0.53 St and 0.47 St larger for females than males in the AP-initial
and second syllables, respectively.

It is also found that the two-way interaction of YOB and Context is significant, suggesting
that the H-L contrast increases in younger speakers in both syllable positions (0.05 St/'YOB for
AP-initial and 0.07 St/YOB for AP-second). For example, the estimated H-L pitch difference of
the AP-initial syllable is 2.14 St (= 3.59 + 0.05 x (1932 — 1961))) for speakers born in 1932, but
it increases to 4.74 St (= 3.59 + 0.05 x (1984 — 1961))) for speakers born in 1984. This suggests
that the youngest generation produce a twice-larger pitch difference than the oldest generation in
the AP-initial position. The three-way interaction of YOB, Gender, and Context is not significant
in both positions, indicating that the gender difference in the H-L contrast neither increase nor
decrease over time.

Table 11. The outputs of linear mixed-effects models of sentence-initial 2-syllable APs by YOB,
Gender, and Context. The reference category for Gender is males, and that of Context is L-
initial. YOB is centered at 1961.

AP-initial Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 2.93 0.15 19.86  <0.001 ***
Gender 0.15 0.21 0.73 0.469
YOB 0.00 0.01 0.00 0.998
Context 3.59 0.15 2427  <0.00] ***
YOB*Gender -0.02 0.01 -1.60 0.111
Gender*Context 0.53 0.21 2.59 0.009 **
YOB*Context 0.05 0.01 535  <0.001***
YOB*Gender*Context 0.02 0.01 1.41 0.158
AP-second Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 4.03 0.16 24.87  <0.00] ***
Gender 0.01 0.23 0.05 0.963
YOB 0.00 0.01 -0.27 0.792
Context 2.01 0.14 14.55  <0.001 ***
YOB*Gender -0.01 0.02 -0.42 0.679
Gender*Context 0.47 0.19 2.45 0.015%*
YOB*Context 0.07 0.01 7.82  <0.001***
YOB*Gender*Context 0.02 0.01 1.40 0.161

3.4.2. 3-syllable APs by YOB and gender

Now we turn our attention to sentence-initial 3-syllable APs in the data. There are 18 3-
syllable APs, and 10 of them start with an aspirated stop or fricative consonant, 1 of them with a
tense consonant, 5 of them with a lenis consonant, and the other 2 with a vowel. In total, 6,310
syllables (3,873 syllables in the H-initial context + 2,427 syllables in the L-initial context) are
examined. Table 12 shows the target APs and the number of examined syllables by their AP-
initial tonal contexts.*

%0 There are two sentences starting with the same AP /san.nja.nin/ ‘angel-TOPIC in our data.

Page 23 of 42



Table 12. Sentence-initial 3-syllable APs by their AP-initial tonal context (number of syllables

examined). A dot marks a syllable boundary.

/san.njA.nin/ ‘angel-TOPIC’ (705)
/ha.tsi.man/ ‘but’ (352)

/tsham.ki.lim/ ‘sesame oil’ (354)
/hun.hun.han/ ‘heartwarming’ (351)

H-initial | /t’a.st.han/ ‘warm’ (354) /tshak.po.lil/ ‘book wrapper-AcC’ (346)
/tho.k’1.wa/ ‘rabbit and’ (346) /tho.k’1.ka/ ‘rabbit-NoM’ (345)
/sa.stm.in/ ‘deer-TOPIC’ (354) /sa.stm.uji/ ‘deer-POSs’ (354)
/aAm.ma.nin/ ‘mom-TOPIC’ (354) /tsa.la.uqi/ ‘turtle-POSS’ (354)

L-initial /ki.k’0l.i/ ‘that form-Nom’ (352) /tsa.la.nin/ ‘turtle-ToriC’ (351)

/i.1il.pon/ ‘seeing this’ (348)
/ki.lan.te/ ‘then’ (336)

/kt.le.sa/ ‘s0’ (352)

1930s 1940s

1950s

S |m
S 1960s 1970s 1980s
c context
Sgoe——
(o)) e H
S 8 - ._/—o\. ——

° A |

1 2 3 1 2
Syllable position in AP

3 1 2 3

Figure 6. Mean pitch value (St) of each syllable in the 3-syllable APs by Context, Gender, and
YOB. Solid lines show females, and dotted lines show males. H-initial includes all APs starting
with aspirated or tense consonants, and the other APs are L-initial.

Figure 6 shows the mean pitch values of the target 3-syllable APs by YOB and Gender. In
this figure, we observe a similar pattern to that of 2-syllable APs. An AP-initial pitch contrast is
not clear for speakers born in the 1930s, but it is clearly seen for younger speakers (those born
after 1950). Also, the pitch difference in the AP-second and third syllables between H-initial and
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L-initial contexts increase in younger speakers, when compared to older ones. As for the gender
comparison, female speakers in general show a larger pitch difference between H-initial and L-
initial APs than male speakers. Also, the development of the AP-initial pitch contrast is more
clearly observed in old female speakers (from the 1930s to the 1950s) than their male cohort,
indicating that the tonogenetic sound change has been led by female speakers.

We build 3 linear mixed-effects models (one for each syllable position) for statistical
analyses with the pitch values (St) as a dependent variable and Gender, YOB, and Context as
independent variables. Male speakers are the reference category for Gender, and L-initial is the
reference category for Context. Each speaker is added as a random effect, and YOB is centered
at 1961. Table 13 summarizes the outputs of the analyses.

Table 13. The outputs of the linear mixed-effect models of 3-syllable APs by Gender, YOB, and
Context. The reference category for Gender is males, and that of Context is L-initial. YOB is
centered at 1961.

AP-initial Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.15 0.16 19.09 <0.001 ***
Gender 0.37 0.23 1.60 0.112
YOB -0.01 0.01 -0.69 0.493
Context 2.68 0.10 26.70  <0.001 ***
YOB*Gender -0.01 0.02 -0.43 0.665
Gender*Context 1.16 0.14 8.25  <0.001 ***
YOB*Context 0.07 0.01 991 <0.001 ***
YOB*Gender*Context -0.01 0.01 -0.88 0.380
AP-second Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.98 0.17 24.13  <0.001 ***
Gender -0.01 0.23 -0.06 0.949
YOB 0.00 0.01 -0.20 0.840
Context 2.18 0.09 23.84  <0.001***
YOB*Gender 0.00 0.02 0.18 0.858
Gender*Context 0.85 0.13 6.66  <0.001***
YOB*Context 0.06 0.01 10.68 < 0.001 ***
YOB*Gender*Context 0.01 0.01 0.79 0.428
AP-third Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 4.70 0.19 25.06  <0.001 ***
Gender 0.00 0.26 0.01 0.991
YOB 0.01 0.01 1.14 0.256
Context 1.10 0.09 12.23  <0.001 ***
YOB*Gender 0.02 0.02 1.26 0.211
Gender*Context 0.36 0.13 2.85 0.004 **
YOB*Context 0.04 0.01 7.31  <0.001***
YOB*Gender*Context 0.00 0.01 0.54 0.590

The models show that the main effect of Context and the two-way interactions with Context
(Context x Gender and Context x YOB) are significant in all syllable positions in 3-syllable APs
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(p = 0.004 for Gender x Context in the AP-third syllable, p < 0.001 for the other comparisons),
strikingly similar to the results of 2-syllable APs. The main effect of Context indicates that the
AP-initial tonal context is an important factor in deciding the pitch values of all syllable
positions within 3-syllable APs. For example, the pitch values of syllables in the H context are
2.68 St, 2.18 St, and 1.1 St higher than those in the L context in the AP-first, second, and third
positions, respectively.

Also, the models estimate that female speakers show a larger pitch difference between H-
initial and L-initial APs than male speakers. In the AP-initial position, female speakers show a
1.16 St larger H-L contrast than males, and female speakers are estimated to produce a 0.36 St
larger H-L contrast than male speakers even in the AP-third position. These results again suggest
that the tonogenetic sound change has been led by female speakers.

Lastly, the models reveal that the two-way interaction of YOB and Context is significant (p <
0.001 in all comparisons), indicating that the pitch difference between H-initial and L-initial APs
increases in younger speakers. The estimated pitch difference between those two contexts in the
AP-initial position is 0.65 St (=2.68 + (0.07 x (1932 — 1961))) for speakers born in 1932, but this
difference increases to 4.29 St (= 2.68 + (0.07 x (1984 — 1961))) for speakers born in 1984,
which is about six to seven times larger than that of speakers born in 1932. This effect is
significant even in the AP-third syllable (p < 0.001), where the model estimates that the
difference in the H-L contrast between speakers born in 1931 and 1984 is 4.74 St (= 1.1 + (0.07
x (1984 — 1932))). The three-way interactions of Gender, YOB, and Context are not significant
in all AP positions.

3.4.3. 4-syllable APs by YOB and gender

Moving on to 4-syllable APs, Figure 7 shows the mean pitch value of each syllable position
in 4-syllable APs by Context, Gender, and YOB, aggregated in 10 year bands.*' Here, we
observe similar AP pitch patterns to those of 2-syllable or 3-syllable APs in the initial and second
syllable positions. That is, the AP-initial pitch difference increases in younger speakers, and it is
larger for females than for males. Similarly, the pitch difference in the AP-second position is
larger for younger speakers than older ones, and also larger for females than males.

The main difference between 3-syllable and 4-syllable APs is that the effect of intonational L
tone in TH-LH is clearly seen in 4-syllable APs. The H-L contrast is quite large in the third
syllable position of 3-syllable APs (Figure 6), yet it is relatively small in the AP-third position in
4-syllable APs (Figure 7). However, it is still notable that the pitch difference in the AP-third
syllable between the two tonal contexts increases in younger speakers in Figure 7. Speakers born
in the 1930s and 40s do not show a pitch difference in the AP-third position, but female speakers
born in the 1950s do exhibit a pitch difference in that position, indicating that females are the
ones who seem to have started to raise pitch values of later syllables in the H-initial context.
Speakers born after 1960 show a pitch difference in the third syllable and it is larger for females
than males. The effect of the AP-initial tonal contexts decreases in the final syllable in general,
yet younger generations still show a larger pitch difference than older ones.

*! See Table 8 for the 4-syllable words used in this analysis. Also, note that all 4-syllable APs are
examined in this section, whereas only 9 APs (stop-initial) are included in Section 3.2.
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Figure 7. Mean pitch value (St) of each syllable in the 4-syllable APs by Context, Gender, and
YOB. Solid lines show females, and dotted lines show males. H-initial includes all APs starting
with aspirated or tense consonants, and the other APs are L-initial.
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For statistical analyses, we build 4 linear mixed-effects analyses—one for each syllable
position—with the pitch values (St) as a dependent variable and Gender, YOB, and Context as
independent variables. Table 14 summarizes the outputs of the models.

The significant main effect of Context (p = 0.008 in AP-final, p < 0.001 in the other positions)
indicates that the pitch values of syllables in H-initial APs are larger in all syllable positions than
those in the L context. The estimated coefficient of Context is the largest in AP-initial (3.35 St)
and the smallest in AP-final (0.23 St), confirming our observation in Figure 7 that the pitch
difference between H and L-initial APs is the largest in the AP-initial position, but it decreases
after the penultimate syllable.

The models also reveal that the two-way interactions with Context are significant in all AP
syllables, except the final. The significant two-way interaction of YOB x Context (p < 0.001 in
the AP-initial, second, and third positions) suggests that the effect of Context varies by a
function of speakers’ age. For example, the estimated pitch difference in the AP-initial position
is 1.9 St (= 3.35 + (0.05 x (1932 - 1961))) for speakers born in 1932, but it increases to 4.5 St (=
3.35 + (0.05 x (1984 — 1961))) for speakers born in 1984. This effect is also found to be
significant in the AP-third position, where the intonational L tone falls (p < 0.001). The model
estimates that the pitch difference for speakers born in 1932 is 0.01 St (= 0.59 + (0.02 x (1932 —
1961))), meaning that the AP-third syllable in the H-initial context is almost the same with the
one in the L-initial context. However, this difference increases to 1.05 St (= 0.59 + (0.02 x (1984
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— 1961))) for speakers born in 1984. These results confirm our observation that the pitch
difference between the H and L contexts increases in younger speakers.

Table 14. The outputs of the linear mixed-effect models of 4-syllable APs by Gender, YOB, and
Context. The reference category for Gender is males, and that of Context is L-initial. YOB is
centered at 1961.

AP-initial Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 2.78 0.15 19.00 <0.001 ***
Gender 0.22 0.21 1.10 0.275
YOB 0.00 0.01 0.28 0.782
Context 3.35 0.09 38.80 < 0.001 ***
YOB*Gender -0.01 0.01 -0.95 0.345
Gender*Context 0.75 0.12 6.26  <0.00] ***
YOB*Context 0.05 0.01 8.89 < 0.001 ***
YOB*Gender*Context 0.00 0.01 0.06 0.955
AP-second Estimate  Std. Error  t-value Pr (>|¢)
(Intercept) 3.94 0.16 24.86  <0.00] ***
Gender 0.07 0.22 0.33 0.741
YOB 0.02 0.01 1.76 0.081
Context 2.04 0.07 29.21  <0.001 ***
YOB*Gender 0.00 0.02 -0.22 0.829
Gender*Context 0.73 0.10 743  <0.00] ***
YOB*Context 0.05 0.00 11.87  <0.00] ***
YOB*Gender*Context 0.01 0.01 1.49 0.137
AP-third Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 4.45 0.15 2940  <0.00] ***
Gender -0.45 0.21 -2.14 0.034*
YOB 0.03 0.01 2.69 0.008 **
Context 0.59 0.07 7.82  <0.001***
YOB*Gender 0.01 0.01 0.87 0.385
Gender*Context 0.43 0.11 4.13  <0.001 **=*
YOB*Context 0.02 0.00 496  <0.001 ***
YOB*Gender*Context 0.02 0.01 2.52 0.012*
AP-final Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 4.53 0.17 2722  <0.00] ***
Gender -0.42 0.23 -1.81 0.072
YOB 0.02 0.01 2.28 0.024 *
Context 0.23 0.09 2.67 0.008 **
YOB*Gender 0.02 0.02 1.21 0.230
Gender*Context 0.11 0.12 0.93 0.354
YOB*Context 0.01 0.01 1.54 0.124
YOB*Gender*Context 0.02 0.01 1.81 0.070
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As for the gender comparison, the models find that the two-way interaction of Gender and
Context is significant in AP-initial, second, and third positions (p < 0.001 in all three cases),
indicating that the pitch difference between the H and L contexts is larger for females than males.
For example, in the AP-initial position, the model estimates that female speakers show a 0.75 St
larger pitch difference between the two contexts than male speakers. Similarly, female speakers
produce 0.73 St and 0.43 St larger pitch differences than male speakers in the AP-second and
third syllables, respectively. This result confirms that females are more advanced than males in
terms of this sound change.

3.4.4. 5-syllable APs by YOB and gender

Lastly, we examine 5-syllable APs that are located sentence-initially. Our data include 8 5-
syllable APs. Out of 8, 2 APs start with an aspirated consonant, 4 of them with a lenis consonant,
and the other with a vowel. The total number of syllables examined is 4,637. Table 15 shows the
target APs by the AP-initial tonal contexts, and Figure 8 provides the mean pitch value of each
syllable of the target APs by Gender, Context, and YOB.

Table 15. Sentence-initial 5-syllable APs by their AP-initial context (number of syllables
examined). A dot marks a syllable boundary.

H- | /tshu.u.sil.then.te/ (I suppose you feel) cold- | /ho.lag.i.e ke/ ‘to the tiger’ (590)
initial | honorific’ (560)

/wit.ton.ne.e.sA/ ‘from an upper town’ (583) | /twe.to.lok.i.mjan/ ‘if possible’ (589)
L- | /wit.ma.il.e.sA/ ‘from an upper village’ (585) | /tsin.nun.k’e.pi.ka/ ‘sleet-NoM’ (590)
initial | /kon.sa.ha.ni.la/ ‘while in construction’ (580) | /tsik.tsan.sen.hwal.il/  ‘working-AcCC’

(560)

In Figure 8, we observe that 5-syllable APs show a quite similar pitch pattern to 4-syllable
ones. Younger speakers show a large pitch difference in the AP-initial, second, and third
syllables, but this pitch difference decreases after the intonational L tone on the penultimate
syllable. Younger speakers born after 1970 seem to produce a pitch difference on the AP-fourth
position, where the intonational L tone falls, but the pitch values of the final syllables almost
overlap even for those younger speakers. Similar to the results of the previous sections, female
speakers show a larger pitch difference than males.
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Figure 8. Mean pitch value (St) of each syllable in the 5-syllable APs by Context, Gender, and
YOB. Solid lines show females, and dotted lines show males. H-initial includes all APs starting
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with aspirated or tense consonants, and the other APs are L-initial.

As for statistical analyses, we build 5 linear mixed-effects models to examine if the
observations are statistically significant. In these models, pitch values are included as a
dependent variable and Gender, Context, and YOB are added as independent variables. Each

speaker is treated as a random effect. Table 16 summarizes the outputs of the models.

Table 16. The outputs of the linear mixed-effect models of 5-syllable APs by Gender, YOB, and
Context. The reference category for Gender is males, and that of Context is L-initial. YOB is

centered at 1961.

AP-initial Estimate  Std. Error  t-value Pr (>¢))
(Intercept) 3.48 0.15 23.73  <0.00] ***
Gender 0.25 0.20 1.21 0.229
YOB -0.01 0.01 -0.98 0.330
Context 2.80 0.14 19.69  <0.001 ***
YOB*Gender 0.00 0.01 -0.26 0.799
Gender*Context 1.38 0.20 6.99  <0.001 ***
YOB*Context 0.06 0.01 6.80  <0.001 ***
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YOB*Gender*Context | -0.03 0.01 -1.86 0.063

AP-second Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 4.64 0.16 2896  <0.001 ***
Gender 0.25 0.22 1.14 0.258
YOB 0.02 0.01 1.75 0.080
Context 1.32 0.16 8.19  <0.001***
YOB*Gender 0.03 0.02 1.67 0.098
Gender*Context 1.27 0.22 573 <0.001 ***
YOB*Context 0.05 0.01 5.04  <0.001***
YOB*Gender*Context -0.04 0.02 -2.79 0.005 **
AP-third Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 4.44 0.15 28.74  <0.001 ***
Gender 0.07 0.22 0.32 0.752
YOB 0.03 0.01 3.20 0.002 **
Context 1.09 0.16 6.68  <0.001 ***
YOB*Gender 0.04 0.02 2.33 0.021%*
Gender*Context 0.79 0.23 3.47 0.001 **
YOB*Context 0.04 0.01 343 <0.001 ***
YOB*Gender*Context -0.01 0.02 -0.78 0.439
AP-fourth Estimate  Std. Error  t-value Pr (>l¢)
(Intercept) 3.82 0.15 25.08  <0.001 ***
Gender -0.28 0.21 -1.32 0.189
YOB 0.02 0.01 1.86 0.066
Context 0.61 0.17 3.53 <0.001 ***
YOB*Gender 0.03 0.02 2.25 0.026*
Gender*Context 0.19 0.24 0.82 0.413
YOB*Context 0.02 0.01 1.59 0.111
YOB*Gender*Context -0.01 0.02 -0.44 0.658
AP-final Estimate  Std. Error  t-value Pr (>¢)
(Intercept) 3.88 0.16 2490  <0.00] ***
Gender -0.30 0.22 -1.38 0.169
YOB 0.03 0.01 2.53 0.013*
Context 0.25 0.16 1.49 0.136
YOB*Gender 0.03 0.02 1.76 0.080
Gender*Context -0.09 0.23 -0.39 0.695
YOB*Context -0.01 0.01 -0.58 0.559
YOB*Gender*Context 0.00 0.02 0.17 0.865

The significant main effect of Context from AP-initial to AP-fourth positions (p < 0.001 for
all cases) confirms our observation that the effect of the H-initial context reaches up to the AP-
penultimate (fourth) syllable, where the intonational L tone falls, and the effect dramatically
decreases after that. The models estimate that the syllables in the H-initial APs are produced with
2.8 St, 1.32 St, 1.09 St, and 0.61 St higher pitch values than those in the L-initial APs in AP-
initial, second, third, and fourth syllables, respectively. The model still estimates that the final
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syllable of H-initial APs is 0.25 St higher than that of the L-initial ones, but this effect is not
found significant (p = 0.166).

The two-way interactions with Context (Context x Gender and Context x YOB) are found to
be significant in AP-initial, second, and third positions, similar to the results of the previous
sections. That is, the effect of the AP-initial tonal contexts is modulated by a function of Gender
or YOB. The models show that female speakers produce a larger pitch difference than male
speakers in those positions (p < 0.001 for AP-initial and second, p = 0.001 for AP-third). For
example, female speakers show a 1.38 St larger pitch difference than males in the AP-initial
position, and they also produce a 0.79 St larger pitch difference than males in the AP-third
position.

Also, the significant interactions of YOB and Context in the first three syllable positions (p <
0.001 in AP-initial, second, and third positions) suggest that younger speakers produce a larger
pitch difference than older speakers in those positions. These results confirm the observation that
younger speakers raise the pitch values of syllables in the H context, but this effect decreases
after the intonational L tone. The three-way interaction of YOB, Gender, and Context is
significant for AP-second, but insignificant for the other positions.

4. Discussion

The main goals of this study were to examine how the tonogenetic sound change has affected the
intonational melody of Seoul Korean over time, how far the effect of the AP-initial H tone
reaches within an AP, and if the pitch realization of APs varies by AP size, speakers’ age and
gender. The results of the present study showed that younger speakers produced syllables in H-
initial APs with a higher pitch than those in L-initial ones. However, older speakers did not show
any pitch difference between the two tonal contexts (those born in the 1930s), nor did they
produce a pitch difference only in the AP-initial positions (those born in the 1940s). Also, the
results showed that female speakers in general produced a larger pitch difference between H-
initial and L-initial APs than male speakers, indicating that female speakers have led this
tonogenetic change. Lastly, the results demonstrated that the effect of AP-initial H decreases in
later syllables of longer APs. For example, the results of 4-syllable APs showed that the final
position of H-initial APs was higher than that of L-initial ones, but the size of the pitch
difference was smaller than that of the AP-initial position.

The results of this study provide an interesting interaction between the AP-initial H context
and the intonational L tone in the penultimate syllable for younger speakers for APs that are 4-
syllable and 5-syllable long. That is, for APs that are 2-syllable or 3-syllable long, the effect of
the H-initial context lasts to the end of the phrase, showing a much higher pitch value on the
final syllable. However, for longer APs, we observe that the effect of the H-initial context
decreases substantially after the intonational L tone, only showing a fairly small pitch difference,
if none, in the final syllable.

This pattern can be interpreted in two ways as schematized in Figure 9. The first possible
interpretation is that the AP-initial H tone spreads to later syllables up until the intonational L
tone in the penultimate syllable. In other words, the intonational L tone can be analyzed as
blocking the spread of H tone. This approach explains why we observed such a difference
between shorter APs and longer ones. In our data, 2-syllable and 3-syllable APs were produced
with a T-H or TH-H melody, meaning that the intonational L tone was undershot and did not
block the spread of the AP-initial H tone. Therefore, the H tone seemed to spread to the end of
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the phrase, resulting in a large pitch difference even in the final syllable position. On the other
hand, 4-syllable and 5-syllable APs were produced with a TH-LH melody, and the effect of the
AP-initial H context was hardly seen in the final syllable. It can be interpreted that the
intonational L tone blocks the H tone spread. An alternative interpretation is that the style of
interpolation from the intonational H tone of the second syllable to the intonational L tone of the
penultimate syllable has been changed. In Jun’s original theory of the Korean prosodic system
(1993, 1996, 2005, 2006, and in her subsequent works), she explains that intermediate syllables
that are not the first two or the last two ones receive their pitch values via linear interpolation
from the second H (TH-LH) to the penultimate L (TH-LH) in longer APs. Since the AP-initial
pitch context is highly predictable based on the AP-initial onset consonant, except the lexically
specified H tone on [il] reported in Jun and Cha (2015), it might be just the case that the style of
interpolation has been changed from a linear one to an elbow-like one. However, for now, it is
hard to tell which approach is the correct interpretation of the phenomenon.

Figure 9. Direction of change in two approaches (H-initial APs): the H-tone spreading approach
(left) and the interpolation approach (right). The direction of change is indicated with an arrow.

It is necessary to compare the tonogenetic sound change in Seoul Korean to the process of
tonogenesis in other languages. In the case of Seoul Korean, we found that the AP-initial H-
inducing consonants affected pitch values of later syllables. However, for various reasons, this
effect is hardly seen in other languages that underwent tonogenesis previously. For example,
tones seem to have developed based on syllables in Vietnamese, where one syllable corresponds
to a single morpheme in most cases and many words are monosyllabic ones or compounds with
monosyllabic morphemes (Thompson 1987).* Furthermore, unlike Korean, Vietnamese is an
isolating language, meaning there is no grammatical marker for case, tense, (grammatical)
gender, and agreement that attaches to words. Accordingly, previous studies on Vietnamese
tonogenesis lack the explanation of polysyllabic words and the effect of consonants on later
syllables within the same word (Matisoff 1973, Thurgood 2002, Kingston 2011, among others).
For instance, Haudricourt’s model of tonogenesis on Vietnamese (1954) explains that a syllable-
final consonant determined a pitch contour and a syllable-initial onset decided the pitch height of
the syllable (Thurgood 2002, 2007), suggesting that the domain of the development of tonal
contrasts was a syllable or a morpheme.

In other Southeast Asian languages, such as Khmu (also known as Kammu) or Utsat (also
known as Tsat or Hainan Cham), the loss of a word-initial syllable in a disyllabic (sesquisyllable)
word resulted in many monosyllabic words in the languages (Thurgood 1992, Suwilai 2004,
Kingston 2011), making it hard to see what happened in polysyllabic words in these languages.
For example, in the case of Khmu, most words are monosyllabic or disyllabic (sesquisyllabic). In
monosyllabic words, a High tone in tonal dialects of Western Khmu (e.g., /pék/ ‘to take a bite”)

2 We do not explain Vietnamese morphology in detail, but those who are interested may refer to Thanh
(1984) and Thompson (1987).
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corresponds with a voiceless onset in Eastern Khmu (/pok/ ‘to take a bite’); A Low tone in
Western Khmu (e.g., /pok/ ‘to cut down a tree’) corresponds with a voiced onset in Eastern
Khmu (/bok/ ‘to cut down a tree’). In disyllabic words, the entire presyllable or the initial onset
of presyllable was deleted in tonal dialects of Western Khmu (e.g., ‘husked rice’ in Eastern
Khmu is /r'nke?/, but /ké?/ in Western Khmu), because presyllables were unstressed and had
reduced vowels. As a result, both monosyllabic and disyllabic words developed as monosyllabic
ones in the tonal dialects. Similarly, monosyllabic words in Utsat were developed from what
were previously disyllabic in proto-Chamic, due to the deletion of presyllables (Thurgood 1992).
Some presyllables dropped without any trace (e.g., *Patas ‘far’ in proto-Chamic > /ta**/ in Utsat),
whereas in other cases, the deleted voiced stop resulted in a Low level tone of the next syllable
without changing the voicing of the following onset (e.g., *batou ‘stone’ in proto-Chamic >
/tau''/ in Utsat). As a result, it is also hard to see the effect of tonogenesis in polysyllabic words
in these languages.

It would have been interesting to compare African tonal languages to Seoul Korean, but to
our knowledge, there are not many documented cases of tonogenesis in African languages
(Childs 2003). One previous study is a tone split in Lugbara, a Moru-Madi language spoken in
Uganda and Congo, where a previous study states that an Extra High tone “arose as a result of a
pitch raising of H on [+ATR] vowels” (Andersen 1986: 62). However, the case of Lugbara is
different from the tonogenetic sound change of Seoul Korean in that Lugbara was already a tonal
language when the tone split took place, and only High-toned syllables with [+ATR] vowels
were affected by the tone split.

The case of Proto North Huon Gulf (PNHG) in the Oceanic Austronesian language family is
comparable to that of Seoul Korean. During the development of PNHG from Proto Huon Gulf
(PHG), vowels with a voiceless obstruent developed a H tone and those with a voiced obstruent
acquired a L tone (Ross 1993). Tone spread also occurred such that all vowels in a morpheme (a
foot) had the same tone (e.g., ‘octopus’ *kurit in PHG > *kali? in PNHG; ‘nasal mucus’ *guluk
in PHG > *gali in PNHG).” In Yabem, one of the daughter languages of PNHG, the voicing
contrast and tonal contrast still coexist as in /ki-tan/ ‘weep (1% sg. realis)’, but in Bukawa,
another daughter language, the voicing contrast has been destroyed such that the cognate of
‘weep (1% sg. realis)’ is /ga-tan/. However, it is noticeable that the same tone is shared within a
foot in both Yabem and Bukawa. Ross (1993) also notes that if a verb stem has two syllables in
Yabem, the prefix is outside the domain of the tone of the verb stem (e.g. k&-madom ‘break into
(realis)’), as the prefix by itself forms a separate foot, which indicates that the domain of tone
and tone spread is a foot (two syllables) in these languages.

Considering previous studies, our finding suggests that Seoul Korean is a unique case as for a
tonogenetic sound change. In most cases, the domain of tonogenesis is a syllable, only affecting
the pitch value of the given syllable (Vietnamese, Khmu, Utsat, Lugbara). There are few cases of
tonogenesis that have affected up to two syllables (PNHG and its daughter languages). However,
the effect of the AP-initial H-inducing context reaches to the final syllable of the same AP for
shorter APs and up to the penultimate syllable for longer APs in Korean. A question arises for
why we see such a different pattern in Seoul Korean. One possible explanation is that an AP is a
strongly tied prosodic unit, which is hardly separated. For example, previous studies show that

 Ross (1993) suggests that there is a difference between strong syllables starting with an obstruent and
those starting with other consonants. When a strong syllable starts with an obstruent, its tone and voicing
spread to the weak syllable; otherwise, the tone and voicing of a weak syllable spread to the strong one.
Either direction, it does not change that all syllables within a foot share the same tone.
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the effect of a prosodic focus in Seoul Korean spans over an entire phrase (Jun 2011, Lee 2012,
Lee and Xu 2010, Lee et al. 2015). In particular, Lee et al. (2015) state that an AP is the domain
of a prosodic focus in Seoul Korean, showing that when one numeric digit in a phone-number
string receives a corrective focus, not only the focused digit but also the entire phrase containing
the focused digit is affected. The result of previous studies seems to support the explanation that
an AP is one prosodic unit that cannot be separated. This, in turn, has a broad implication that the
domain of tonogenesis may be language-specific, varying according to the phonological and
morphological systems of a language.

To conclude, our study investigated how the tonogenetic sound change affects the
intonational melody of Seoul Korean. We confirmed previous findings that the AP-initial pitch
difference increases in younger speakers. Our study also provided novel findings that the AP-
initial pitch context affects later syllables of APs for younger speakers and this effect decreases
after the intonational L tone in long APs. Since the pattern of tonogenesis varies depending on
languages’ morpho-/phonological features, a future study is needed to further investigate this
relation. It remains to be seen how the pattern of Seoul Korean develops in the future.
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Appendix A: Sentences that include the target APs of the study

Sentence 1D L-initial 2-syllable APs

t09 s08 A 2 Yol /kika tsham khiniline/
t09_s15  vo] A=Y Aetok, U7k 7k E71E stete et
/mawyi ts"ugsansilan tsalaja neka kasa thok’ilil tsapaonala/
t09_s37 A F oA F0]FA| 2 /tsalil asa phulatsusejo/
t10 _s12 A = AbF ol Al Z7]1 3 21 0] & /tsanin sanjank’uneke ts’otkiko itajo/
10527 @ obAK L L] WSS B A 2
/kit’e atsas’ika sannjawgi nalkeosil hanpal kamts"usejo/

t14_sl2 = dA xR s 1Yt
/manin nants"ahan phjotsapilo kokelil k’itukjatta/
Sentence 1D H-initial 2-syllable APs

t16_s10 Z} 7} Wk o] Q. /tshaka p’atsjasajo/

8s13 BB W ghol g sh= o] 9 B w2 A FHWS Holrhx 3
<A ] kel YRt /p’onp’on p’antsha wasajo hanin imsane japil poni pak’esie
hujimalkanhan kipsikp’anil tamakatsiko wasa neape neminta/

t18 sl6 A& HES T w3t} /tshagso kamjalil hal tgjatta/

Sentence 1D L-initial 5-syllable APs

t13_s11 SRAwpS oA wf22lo] Yo &5 whe Wl &1 52 A Lp7haL o] 5o
ZFolF U o} /witmailesa pek’otnipi t’alatsja mulil t’ala t’aneljaomjan pomin tsinakako
jalimi tshatsaopnita/

t13_s28  SQAFulolA Zele] F& Wel e Fo] 7hko] yikdlol Wugi o ke =
Ay
/wittogneesa k’otnipi hila neljaomjan pomi katisi namupnipi t’aneljaomjan kailto
kapnita/

114505 AFALL S B TH FRIA AL 2 AE 5 EofA] AAIPRLE
H o2 Bolrh: ol the & £7H2 e AbM B Ao] Hko] Hglt}
/tsiktsapsephwalil hanin tonan hogpona ts"ulpankwankje ilil olettonan heon thajasa
Antsenkaputha tsipiro tolakanin kile taim nal tsokanil mili sasa ponin kasi sipkwani teatta/

t16_s01  WEAH 7 SAFEHA Hel = 11 9, A5 AFAT] =8 vehdid
%35l 2 & 4T /tsinnunk’epika ils’injansilapke nelinin sipilwal jankik jansipsikane
nitsin nanin antsalputsal mothamja tshalil molatta/

t16_s06  FALEF=f 2 gt ofof whA HF Fo| Ak
/kopsahanila pranoin kutanie p’atsja palin kasiatta/

t19_s34  F Z Z o] A A H=1} /tetolokimjan tsakke makninta/

Sentence 1D H-initial 5-syllable APs

t10_s51 F 4 dg 4 o] o]zt ¢ oA 2 /tshuusilthente usan i osilato ipisejo/
t12 527 3 Foldl A HeFA FolEe A2 solEolAE R
/holapieke neljatsusin topatsulin s’akin togtsuliatkatinjo/
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Sentence ID

L-initial 3-syllable APs

109 s17

t09 29
109 s32

t10_s08
tll s26
t12 s22

t18_s12

TAHAN AT B S 2 A6 45 Febo sl A syt
/kilesa tsalanin tPok’i kilimil katkosa putsilanhi juktsilil hjagphaja heamts"ja katsipnita/
A= E7 5 A 37910 @ /tsalanin thok’ilil salsal k’oasajo/

Ak &oheg mEE B Aol b ohu Aot Fol Sezkel e
/tsalaugi sokmaimil molinin thok’inin salleinin kasimil anko tsalawji tine ollathasajo/
98 g o] = o] 1o & /kilante ani naliasajo/

Aul= o] Pof & G t}7F X ] 5 Y U /ammanin alinelil talletaka tsitshjatsipnita/
ol & THo|= FHgo] st V=S Fol e

/ililpon holanito t’okkati hananimk’e kitolil hesajo/

T Fo] B §229] BobdA B2 T 23 A=EE vt g
/kik’oli hato usiwa tolasasa tshilphanil hyaghe utkonani k’alilili phoksoka thatsinta/

Sentence ID

H-initial 3-syllable APs

109 s19

109 s25

109 s35

t09 s44
t10 s29

t10 s32
t10 _s43

t10 _s53

t12_s14

t18 s06

t18 s09

w2 g o) Aol = 25t E e e o] FolaL Al Eo] Wk Al A A ] L
221 ©] 8 /’asihan pomnalila sanenin ulkitpulkithan k’ottili phiaitko setili pankapke
tsitsakwiko itatajo/

E7]sk Aot vtz 7] 1771 H900l 8

/thok’iwa tsalanin palo [ipke tshinkuka tweasajo/

E7 7t &gl m&statuia §4d o) At e 7S BE R &
%elol g

/thok’ika jonkune totshakhatsamatsa jogywannimuyi sinhaka nattana thok’ilil pattsullo
k’onk’on mukasajo/

SR g E7] o Al £ 7} A ZFREo] & /hatsiman thok’ieke tsoin k’eka segkaknasajo/
Abg o TS A U2 Ui A7) 8 doloj A £o] gl E Aol s

/sasimuyi malil tittsa namuk’unin namu sinkihan iliasa nuni hwitugkiletsjasajo/

A& RO 2 WMol B S hart % £ 0.2 o) s} mglel

/sasimin namuk’uneke mjatpanina tatsimil hakonin supsokilo t’'wiaka paljasajo/

Ade &s 55 20A4T, @S S w7l s

/sannjanin palil togton kullattsiman nalkeosil tshatsilsuka Apsasajo/

AU e ve] A5 s X5 9L ok ¢ flo] Wit webrbA A

%] 21 A] 8. /sannjanin namuk’uni kunnetsunin osil ipko hanin su Apsi namuk’unil t’alakasa
salke toattsijo/

2715 vt2a &8k gkA o S a0l E =y FASUY

/tshamkilim paliko ollawattsi hamja togsenin holapilil nollja tsuatsipnita/

FES D7\ n28 Aol WA ZFEA I ok B9 EEAE U % Wikm
%% %53 X1t} /hunhunhan jalkiwa kotsoten satsani kjosile katiktsako aitilui
nuntontsanin tauk pitnako ts"olontstolon hetsinta/

AR E AA L ok o] Tol Wojx|ap w2 W EH AL o] =l s vt
/tshekpolil s’asejo hanin naugi mali t’alatsitsa kjosilin t’atils’Akhetsiko asusanhetsinta/

ol
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Sentence 1D L-initial 4-syllable APs

09556 WIS/t RA W B A% Fol e m Al Al Zdol 8
/patakkae totshakhan thok’inin k’antshun t’wianelimja tsalacke malhesajo/

t10 513 ZIGAE AISS 25 E P ol
/kajapketo sasimin otilotil t’alko isasajo/

10515 A o] Apdito] MM A e)m ¥ Eo} ghol g
/tsamsihue sanjapk’uni s’iks’ikkalimja twits’ots"a wasajo/

t10_s18 YFE TS AA1E 5 yo]a
/mamuk’unin sitstimilil t’uk t’easajo/

t10 s34 A7|odl= AL o}FHIL H2 Aol Al
/kakienin tsanmal alimtapko malkin janmosi isasajo/

t10_s47 IR & A= wY Syt
/malkeosil tshatkatin p’alli ollaonala/

110569 RS wubeto] 9u F Aokl $S 4m Algo] FEE B Aol e
/mamuk’unin t’anpatake thals’Ak tsutsaantsa hansumil swimja sasimi puttakhan malil
senkakhesajo/

tll s02 o7} opipg] G e BAEAN &35 A A FdFHT
/amanika amuli talleto potshemjansa ulimil kitshitsi anassipnita/

t18 s21 ZAY A 7S HA v)E ofo] &

/tsosaneke kananil mantsa peun aitil/

t19 s11 27t F o FHAAH | 23 333 71 eS Frol o

/kilataka tsomta mutawatsimjan ne kohjay tsantsanhan keulil tshatsa neljakanta/

Sentence 1D H-initial 4-syllable APs

09510 A5l A4~d xgo = dgola
/sinhatili kaktsagsilan phjotsapilo malhesajo/

09543 B Ro] Az Aeke] o)A B W W o] 8
/p’omnetisi tsalaphanin tsalauji japesa thok’inin palpalpal t’alkiman hesajo/

t10_s16  ARFELS APLS F¥ Ay y Yl A 23002
/sanjank’unin sapanil tulipan kalitani namuk’uneke mulasajo/

t10_s48  EA 2 AU UF S92/ &3 3%l 8
/hontsa namin sannjanin namu silpPasa hinik’ja ulko isasajo/

th_s29  ZFole F& HollA szt Ts = W2 sy
/holaginin tshagnmun japesa niktelan malil titko pinkile usassipnita/

tll s25 3 Fol= A5 WE/ LM FolES Bhal @708 £opstola
/holayinin kholil pallimkalimja topatsulil thako onuilil ts’otsakasajo/

t1l 832 ZFole A7 o]F& w2 E = 23 FAE EYMsHY
/holayinin tsaki ilimil malhanin solilil titko himtshit twilo mullasatsipnita/

14502 I3 AL Aweol 274 BAL Holpa Arhe o] 59 £A L B
/krikotsakin tswaphanwie katkatsi mulkane s’aanotko tsinakanin itilugi nunkilil k’inta/

17508 HPL H EPE £O §hS Ao] vglizv] ol A B Abgute] 5L wEo]
vl5 S 7} /t’okkatin s’al t’okkatin sotilo papil tsia makatninte ats’esa hankuk salammani
supnjunil mantila mafasilk’a/

118525  AA 83 EEGA A EE AT 7projof 8 o Aol FA T x| & 2 vpA| 1L
A1t} /sigsighako thinthinhake tsalatolok simko kak’uaja hal i siptsamoke tsansankwa
tsihyelil patshiko sipta/
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t18 526  F &l A 7hE H3He] ojylo] 58S Wt E AL QFEL o 7hss ekt A2t gt
/K’um sokesa kak’im pukhanuji Alinitilil mannapoko ant'ak’awa kasim altaka k’ekon
hanta/

t19 503 AR Q) A|Mdo] 21, Q31 7hE wEHO] 2= 3, B U 11 o] o
AbgkE o] 18] 3}T) /phisatsingi sisali kilakPo oko kanin kjot"onphjani kilakPo takuna ki
kose mojatin salamtili kilahata/

€19.519 3 ghul i} Sabel, 7240 2L o7l A& 1750 Y BS ~AA % B,
X% T5ol2 27| % otal A E Xt} /prilamina sonsali tshenkilimtseni katin Atsin
keul kokitili ne momil sitshjakakito hako ts’onts’on tsutupilo ts’okito hako tsagnanto
tshinta/
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Highlights

We examined a tonogenetic change and its effect on intonation in Seoul Korean.
Young speakers show an f0 enhancement in later syllables of High-initial phrases.
Young females show a larger pitch difference in all syllables than young males.
Short phrases show non-overlapping pitch ranges between H- and L-initial
contexts.

The pitch difference decreases after the intonational L tone in long phrases.





