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Abstract: Theories of the phonetics-prosody interface suggest that prosodic
strengthening that arises with prosodic structuring is not simply a low-level
phonetic phenomenon, but it serves as a phonetic hallmark of a higher-order
prosodic structure in reference to linguistic (phonological) contrast. The present
study builds on this theoretical premise by examining acoustic realization of the
phonological tonal contrast in the lexical pitch accent system of South
Kyungsang (SK) Korean. Results showed that phonetic realization of F0 and
the degree of glottalization (as reflected in spectral tilt measures such as H1-A1c
and H1-A3c) of vowels in vowel-initial words were systematically modulated by
the higher-order prosodic structure, and that the prosodic-structural modulation
gave rise to distinct prosodic strengthening effects as a function of the source of
prosodic strengthening. In particular, the prominence-induced strengthening
(due to focus) entailed a phonetic polarizing effect on the F0 contrast in a way
that enhances the phonological High vs. Low tone contrast. The boundary-
induced strengthening effect, on the other hand, could be better understood as
enhancing the phonetic clarity of prosodic junctures. The distinct prosodic
strengthening effects were further evident in the way that glottalization was
fine-tuned according to prosodic structure and phonological (tonal) contrast.
Prosodic strengthening effects were also found to interact with intrinsic vowel
height, implying that the low-level phonetic effect may be under speaker control
in reference to higher-order prosodic and phonological contrast systems of the
language. Finally, the results informed a theoretical debate regarding whether
the Low tone that contrasts with the High tone in word-initial position should be
considered lexically specified vs. post-lexical assigned.
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1 Introduction

Studies on prosodic strengthening in the phonetics-prosody interface literature
have increasingly shown that production of phonological segments or features is
phonetically implemented in a way to ‘strengthen’ their phonetic clarity when
they occur in prosodically strong locations such as edges of prosodic domains
(especially in domain-initial positions) and syllables under prominence (e.g.
stressed or pitch accented syllables) (e.g. de Jong 1995; Fougeron and Keating
1997; Keating et al. 2003; Cho and McQueen 2005; Cho et al. 2014, 2017; DiCanio
et al. 2018; Kim et al. 2018 see Fletcher 2010 for a review). One of the premises
underlying theories of the phonetics-prosody interface is that prosodic strength-
ening is not simply a low-level phonetic phenomenon, but it serves as a pho-
netic hallmark of a higher-order linguistic (prosodic) structure, making reference
to linguistic (phonological) contrast in a language-specific way (see Cho 2016 for
a review).

Evidence on how the phonetics-prosody interface makes reference to the
phonological system of a given language has been extensively documented in
the literature concerning various phonological aspects across languages (e.g. de
Jong 1995, 2004; Jun 1998; Cho and Jun 2000; de Jong and Zawaydeh 2002; Cho
and McQueen 2005; Kuzla et al. 2007; Cho et al. 2014, 2017, inter alia). For
example, building on the observation that voicing contrast of stops specified
with phonological features [+/-voice] across languages may be fleshed out with
different phonetic contents in reference to language-specific phonetic features
(e.g. Keating 1984), Cho and McQueen (2005) further suggested that the way the
phonological voicing contrast is enhanced due to prosodic strengthening is also
determined in reference to phonetic feature systems in a given language. They
demonstrated that voiceless stops in Dutch are produced with a shortening of
VOT in prosodically strong locations, as opposed to a lengthening of VOT often
observed in English (e.g. Pierrehumbert and Talkin 1992; Cole et al. 2007; Cho
and Keating 2009). The prosodically-conditioned modulation of VOT of voiceless
stops was interpreted as an enhancement of a language-specific phonetic
feature—i.e. {-spread glottis} for Dutch but {+spread glottis} for English, which
operates in regulating the phonetic enhancement of the voicing contrast. In a
similar vein, de Jong and his colleague (de Jong and Zawaydeh 2002; de Jong
2004) demonstrated that the coda voicing contrast in English is enhanced in a
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stressed syllable under focus by increasing the durational difference of preced-
ing vowels, but such is not the case in Arabic in which the duration is reserved
for making phonological quantity contrast. These studies together suggest that
prosodic strengthening, especially when driven by prominence due to focus, is
closely linked with an enhancement of phonetic features in conjunction with
phonological contrasts, and it may be used as a diagnostic for what phonetic
content (or phonetic feature) is employed to manifest the phonological contrast
in a given language.

Studies that have thus far explored the relationship between prosodic
strengthening and linguistic contrast, however, have focused mainly on the
prosodic strengthening of segmental features, despite the fact that the prosodic
structure of an utterance also modulates realization of suprasegmental features,
especially tonal features that are used not only to shape the intonational
structure of an utterance across languages, but also to mark lexical contrasts
in languages which employ lexical tones or lexical pitch accents. Thus, in order
to grasp the phonological nature of the phonetics-prosody interface, it is equally
important to understand how suprasegmental tonal features are phonetically
shaped in strengthening environments that interact with a higher-order prosodic
structure, and how the prosodic strengthening effect relates to the phonological
contrast in languages that use tones for making lexical distinction.

The primary goal of the present study is therefore to explore questions
related to this issue by examining prosodic strengthening effects on the acoustic
(F0) realization of the phonological tonal contrast in South Kyungsang (SK)
Korean, a dialect of Korean which is known to employ a pitch accent system
in marking phonological/lexical contrast. Along with examining F0 variation,
the present study will also examine the degree of vowel glottalization (as may be
reflected in spectral tilt measures), which is generally assumed to vary as a
function of prosodic strengthening for both the boundary and the prominence
markings (e.g. Dilley et al. 1996; Gordon and Ladefoged 2001; Redi and
Shattuck-Hufnagel 2001; Garelleck 2012; Jun and Cha 2015). As will be discussed
more in detail below, investigating the variation in the degree of glottalization
will not only show how the phonological contrast due to the lexical pitch accent
may be further reflected in the phonetic dimension of glottalization, but it will
also allow us to assess the degree to which the boundary vs. the prominence
markings may be signaled by the phonetic event. Finally, the prosodic strength-
ening effects on F0 and degree of glottalization will be examined in the high vs.
the low vowel contexts, so that we can assess how the intrinsic vowel height,
which is known to have a low-level phonetic effect on F0 and degree of
glottalization, may interact with prosodic strengthening effects. Answering this
question will elucidate to what extent the intrinsic low-level phonetic effect may
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be understood as a purely low-level phenomenon vs. as an effect under speaker
control. In what follows, we will develop specific research questions in conjunc-
tion with relevant backgrounds and theoretical contexts regarding the tonal (F0)
contrast and the degree of glottalization.

1.1 Background and research questions on tonal (F0) contrast

Unlike Standard Seoul Korean in which the tonal realization is stipulated post-
lexically at the level of intonational phonology (e.g. Jun 1996, 1998, 2006),
dialects of Korean spoken in the Kyungsang provinces (located in the south-
eastern part of the Korean peninsula) employ a lexical pitch accent system.
South Kyungsang Korean is one of the major dialects (along with North
Kyungsang Korean) in which a word may begin with H or L depending on the
pitch accent pattern specified for the word (e.g. Kenstowicz and Sohn 1997, 2001;
Lee 2005, 2009; Kim 2008; Kim and Jun 2009; Lee and Davis 2009). For
disyllabic words, for example, typically three pitch accent patterns are possible
on the surface as given in (1):

(1) a. katʃi ‘eggplant’ b. katʃi ‘type’ c. katʃi ‘branch’
| | | | | |
L H H L H H

It is, however, controversial to what extent the surface tonal patterns are
attributable to underlying representations specified in the lexicon or to post-
lexical properties stipulated by the intonational phonology of the language,
especially given that the surface tonal realization is likely to be determined by
an interaction between lexical and post-lexical properties (e.g. Kim and Jun
2009; cf. Jun et al. 2006). Kim and Jun (2009) suggested that the initial L tone
as in (1a) itself is not a direct reflex of an L tone specified in the lexicon, but
comes about as a consequence of the initial syllable being unspecified for tone,
so that the L tone is assigned post-lexically to the initial syllable (see Lee and
Davis 2009, for comparable phonological analyses).

Regardless of whether the initial L tone is lexically or post-lexically deter-
mined, however, what matters for the purpose of the present study is that the
initial L vs. H tonal contrast leads to lexical distinction, and therefore is subject
to further investigation with respect to how the phonological distinction that
arises with the tonal contrast is phonetically fleshed out in prosodic strength-
ening environments, and how the strengthening effect leads to an enhance-
ment of the tonal contrast which will eventually maximize lexical contrast.
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Answering these questions will inform the theoretical debate on the nature of
the initial L tone, although it may not fully resolve it. As briefly discussed
above, prosodic strengthening that arises with focus may be used as a diag-
nostic for testing what phonetic content is employed by the language to mark
phonological contrast (e.g. Cho and McQueen 2005; de Jong and Zawaydeh
2002; de Jong 2004). Under this assumption, if an L tone is lexically specified,
thus making direct phonological contrast with a H tone, the tonal contrast is
expected to be polarized under focus. This is indeed the case with Standard
Mandarin Chinese which employs lexical tones. Chen and Gussenhoven (2008)
showed that in the emphatic (focused) environment, a high tone becomes
higher and a low tone lower, showing a kind of polarization of the tonal
contrast, compared to when the tones are realized in non-emphatic (unfo-
cused) environments. Similarly, if L in SK Korean is lexically specified in a
word that is realized with a LH pitch pattern, F0 for the initial vowel would
become much lower for L, whereas for H in a word specified with a HL lexical
pitch pattern, F0 would become much higher.

Alternatively, however, if L is assigned post-lexically, there is no a priori
reason to predict such a polarization effect since L would not make direct
phonological contrast with H. This alternative hypothesis may be further
evaluated in comparison to how post-lexical tonal cues in Standard Seoul
Korean are used for phonological contrast. In Seoul Korean, especially for
young speakers, the phonological contrast between lenis and aspirated stops,
which used to be marked primarily by a VOT difference, is now marked
primarily by a tonal difference (low for the lenis and high for the aspirated
stop) (e.g. Kang 2014; Bang et al. 2018). The tonal contrast in Seoul Korean,
however, is post-lexically driven in conformity with the intonational phonol-
ogy of Seoul Korean, which stipulates that the initial boundary tone for the
Accentual Phrase is H when the initial obstruents are aspirated or fortis, but L
in all other cases including the case with the lenis stop. The primacy of the
tonal cue over the VOT cue, however, comes into effect only when stops are
produced in a phrase-initial position (i.e. the initial position of an Accentual
Phrase). This indicates that the tonal contrast stems from post-lexical intona-
tional properties. Choi et al. (In preparation) tested how the phonological
contrast between lenis and aspirated stops in Seoul Korean may be phoneti-
cally enhanced in the prominent (focused) condition and found that the focus
has the effect of increasing F0 for both L and H tones in the initial position.
This indicates that the post-lexical tones may differ from lexical tones in that
the former are less likely to be involved directly in maximizing the phonologi-
cal contrast. Considering the way the post-lexically assigned L tone in Seoul
Korean is realized in prosodic strengthening contexts, examining how the
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tonal realization in SK Korean may relate to phonological contrast will illumi-
nate the nature of L vs. H tone.

Another question that the current study aims to answer is what kind of
linguistic contrast boundary-related strengthening effects would bring about in
comparison to prominence-induced strengthening effects. The literature on pro-
sodic strengthening has indicated that the kind of linguistic contrast that arises
with prosodic strengthening may differ depending on whether the effect stems
from boundary or prominence. The boundary-induced strengthening effect is
often referred to as domain-initial strengthening (DIS) of segmental realization
that arises at the left edge of a higher prosodic constituent such as an
Intonational Phrase (see Fletcher 2010 or Cho 2006 for a review). Its linguistic
function is generally considered to be delimitative with a view to demarcating
prosodic junctures and does not necessarily concern regulating the phonetic
manifestation of phonological contrast. Instead, the DIS effect is often inter-
preted as showing an enhancement of CV contrast, making the consonant more
consonant like and the vowel more vowel-like, which would in turn make the
prosodic juncture distinctive in a syntagmatic way. This would be particularly
true for languages like English (a head-prominence language) which employs
lexical stress as a head for marking prominence, thus being categorically differ-
ent from marking prosodic boundaries (e.g. Barnes 2002; Cho 2011, 2016; Jun
2014). On the other hand, Korean is characterized as an ‘edge-prominence’
language (Jun 2014) which utilizes phrasing (or boundary marking) for marking
prominence, often making it difficult to draw a clear line between the boundary-
vs. prominence-driven effects on phonological contrast. Cho and Jun (2000) in
fact suggested that the boundary-related (domain-initial) strengthening effects
would have the effect of enhancing phonological contrast among three-way
contrastive stops in Seoul Korean, which may be attributable to the edge-
based prominence system of Seoul Korean. SK Korean, however, differs from
Seoul Korean in terms of prosodic typology. Given that SK Korean employs a
lexical pitch accent system, it may be better characterized typologically as a
‘head/edge-prominence’ language like Japanese, which is assumed to utilize
both the head and edges (phrasing) to mark prominence (Jun 2014).

To the best of our knowledge, however, no study has systematically tested
how prosodic strengthening effects in an edge-head prominence language such as
SK Korean (and Japanese) may be linked with phonological contrast. It is there-
fore not easy to formulate specific hypotheses and predictions with respect to how
tonal contrasts in SK Korean would be strengthened in domain-initial positions
(i.e. in the boundary-induced strengthening context), as compared to the focus-
induced strengthening effects. Nevertheless, we postulate that the prosodic struc-
ture of an utterance should have a dual function of boundary marking and
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prominence marking (e.g. Keating and Shattuck-Hufnagel 2002; Cho 2016). In
other words, although the boundary marking is assumed to be constrained by
the prominence marking, especially in an edge-prominence language or an edge/
head-prominence language, the boundary marking itself must have its own func-
tion of demarcating prosodic junctures. Under these assumptions, it is predicted
that an enhancement pattern of tonal contrast should still be distinctive when the
strengthening is driven by prominence vs. boundary, presumably in a direction
towards a greater polarization of tonal contrast for the former than for the latter.
The present study will explore this possibility by examining the differences and
similarities of strengthening patterns of tonal contrast under the boundary-
induced vs. the focus-induced effects.

Finally, the relationship between prosodic strengthening and tonal contrast
due to pitch accent will be examined in different vowel height contexts (low vs.
high vowel). The vowel context is expected to have an intrinsic vowel height
effect on F0, so that a high vowel is generally produced with higher F0 than a
low vowel (e.g. Peterson and Barney 1952; Lehiste and Peterson 1961; Hombert
et al. 1979; Whalen and Levitt 1995). This effect is considered to be a universally-
applicable low-level phonetic phenomenon since biomechanical constraints
caused by the vowel height difference are likely to influence tension of vocal
folds which, in turn, is likely to influence F0 realization at least at a low level
(see Honda et al. 1999 for a detailed explanation of the biomechanical con-
straints). Such a low-level phonetic effect, however, may be further controlled
by the speaker in a linguistically meaningful way (e.g. Keating 1985; Kingston
and Diehl 1994; Jun 1996; Cho and Ladefoged 1999; Solé and Ohala 2010; Cho
2015). Given that the high vowel context is likely to facilitate F0 rising, it is
reasonable to hypothesize that the tonal contrast will be modulated further by
the intrinsic vowel height factor in such a way that the High tone will become
even higher in the high vowel context which facilitates F0 rising. Furthermore, if
such a phonetic facilitation of F0 rising is indeed controlled by the speaker in a
linguistically significant way, one might expect that the intrinsic vowel effect on
F0 will be augmented in the prosodic strengthening environments, especially
under focus, resulting in maximizing the phonetic effect that directly makes
reference to phonological and lexical distinction.

1.2 Background and research questions on degree
of glottalization

Glottalization is often referred to as creaky voice or vocal fry (Gordon and
Ladefoged 2001), which is accompanied by an increase in tension on vocal
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folds, so that vocal folds are tightly adducted but may be slightly open allowing
for voicing (Ladefoged 1971; Laver 1980; Ní Chasaide and Gobl 1997).
Typologically, languages may use glottalization as a contrastive phonemic
feature or as a non-contrastive phonetic feature (Gordon and Ladefoged 2001).
As for the non-contrastive phonetic feature, one case in which glottalization is
likely to be observed is when a word-initial vowel occurs in prosodic strengthen-
ing environments such as in the domain-initial position of a larger prosodic
constituent and in the prominent (stressed) position (e.g. Pierrehumbert and
Talkin 1992; Dilley et al. 1996; Gordon and Ladefoged 2001; Redi and Shattuck-
Hufnagel 2001; Garellek 2012; Jun and Cha 2015; Mitterer 2018).

Pierrehumbert and Talkin (1992) found that the tendencies of glottalization
are correspondent to both word- and phrasal-prosody in English. That is, glot-
talization is more frequent when word-initial vowels are phrase-initial and
accented, and/or when they are full vowels. Dilley and colleagues (1996) further
found that an IP-initial position is the strongest condition for the occurrence of
glottalization on word-initial vowels in English. Garellek (2012) also pointed out
that the presence of higher prosodic domain and prominence were the most
significant factors in English that induce glottalization on word-initial vowels.
These effects may also be reflected in acoustic measures of spectral tilts which
correlate with degree of glottalization. Similarly, Jun and Cha (2015) examined
the degree of glottalization of the vowel-initial word /il/ in Seoul Korean and
reported that both high-toned and low-toned /il/s were glottalized, but the high-
toned-/il/ was more glottalized than the low-toned one, which was attributable
to the higher tension on vocal folds imposed by a vocal fold stretching effect of
high-pitched articulation (e.g. Honda et al. 1999; Raphael et al. 2007). Jun and
Cha, however, examined only the effect of the tone height in relation to bound-
ary strengthening, leaving questions unanswered as to how the observed effect
may further interact with the other strengthening effect due to focus-induced
prominence.

The present study extends these previous studies and investigates how the
prosodic structure of an utterance may be further reflected in the degree of
glottalization; how the effect would interact with the phonological tonal differ-
ence due to lexical pitch accent and the phonetic F0 difference due to the
intrinsic vowel height; and how the interaction effects may be interpretable in
light of pure low-level phonetic phenomena vs. linguistic phenomena under
speaker control in reference to higher order prosodic structures and phonologi-
cal contrast. Under the assumption that a seemingly biomechanically driven
low-level phonetic effect may be further controlled in reference to the phonolo-
gical structure of a given language (e.g. Keating 1985; Kingston and Diehl 1994;
Jun 1996; Cho and Ladefoged 1999; Solé and Ohala 2010; Cho 2015), addressing
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these questions will allow us to assess the extent to which glottalization of
vowel initial words may be utilized for marking prosodic structure and enhan-
cing phonological contrast that arises with the lexical pitch accent difference in
SK Korean. If glottalization has a linguistic function of marking prosodic struc-
ture (i.e. boundary and prominence), the degree of glottalization is expected to
increase in prosodic strengthening contexts, crucially independently of the tonal
and the vowel height differences that might influence F0 realization. Likewise, if
glottalization is further controlled by the speaker in connection with the pho-
nological contrast induced by the lexical pitch accent difference, the degree of
glottalization will increase for the High tone especially under focus, which is
expected to regulate the phonetic content for enhancing the phonological con-
trast in question.

2 Experiment

2.1 Participants

Sixteen native speakers of South Kyungsang Korean (eight females and eight
males) participated in the experiment for pay. All of them were university
students in Seoul and Gyeonggi Province. The average age of the participants
was 21.50 (s.d. = 2.16). They were born and raised in Busan and South
Kyungsang, living 2.89 years (s.d. = 2.17) outside of South Kyungsang areas.
None of the participants reported any hearing or speech problem.

2.2 Speech materials

The speech materials for the current study included two high vowels /i, u/ and
two low (non-high) vowels /ɛ, a/ in SK Korean. The four vowels were selected
because they were peripheral pairs in the SK Korean vowel inventory, especially
in terms of height (High and Low).

As in Table 1, each vowel includes two disyllabic words with identical
segments, but with different pitch accent contexts (Low tone vs. High tone) on
the word-initial vowels which also varied in terms of the vowel height (high vs.
low). For instance, for the high front vowel /i/, there is a pair with a tonal
contrast due to pitch accent: i.e. [iri] (LH) ‘two li’ and [iri] (HL) ‘wolf’.

As shown in Table 2 below, each test word was included in carrier sentences in
a mini discourse situation, which guided the speaker to induce different boundary
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Table 2: An example of experimental sentences with one of the test words /iri/ (HL) in different
boundaries and focus contexts. Test words are underlined, and the focused words are in bold.
(REL: relativizer suffix, TOP: topic-contrast marker, Q: question marker, DEL: declarative sentence-
type suffix, IMP: imperative sentence-type suffix).

Contexts Example sentences

(a) [i] (H), IP-initial,
Focused

Q: ibʌn-ɛ p'ob-ɯn tanʌ-nɯn, iɾi twi-ɛ non-na?
this.time-at pick.up-REL word-TOP two.li after-at put-Q
‘Do (I) put the newly selected word after two-li?’

A: ai-da. ibʌn-ɛ-n, [IP iɾi twi-ɛ nwa-ɾa.]
no-DEL this.time-at-TOP wolf after-at put-IMP

‘No. At this time, put (it) after WOLF.’

(b) [i] (H), IP-initial,
Unfocused

Q: ibʌn-ɛ p'ob-ɯn tanʌ-nɯn, iri apʰ-ɛ non-na?
this.time-at pick.up-REL word-TOP wolf before-at put-Q
‘Do (I) put the newly selected word BEFORE wolf?’

A: ai-da. ibʌn-ɛ-n, [IP iɾi twi-ɛ nwa-ɾa.]
no-DEL this.time-at-TOP wolf after-at put-IMP

‘No. At this time, put (it) AFTER wolf’
(c) [i] (H), Wd-initial,

Focused
Q: ibʌn-ɛ p'ob-ɯn tanʌ-nɯn, punhoŋ iɾi twi-ɛ non-na?

this.time-at pick.up-REL word-TOP pink two-li after-at put-Q
‘Do (I) put the newly selected word after pink two-li?’

A: ai-da. ibʌn-ɛ-n, [IP punhoŋ iɾi twi-ɛ nwa-ɾa.]
no-DEL this.time-at-TOP pink wolf after-at put-IMP

‘No. At this time, put (it) after pink WOLF.’
(d) [i] (H), Wd-initial,

Unfocused
Q: ibʌn-ɛ p'ob-ɯn tanʌ-nɯn, punhoŋ iɾi apʰ-ɛ non-na?

this.time-at pick.up-REL word-TOP pink wolf before-at put-Q
‘Do (I) put the newly selected word BEFORE pink wolf?’

A: ai-da. ibʌn-ɛ-n, [IP punhoŋ iɾi twi-ɛ nwa-ɾa.]
no-DEL this.time-at-TOP pink wolf after-at put-IMP

‘No. At this time, put (it) AFTER pink wolf’

Table 1: A list of V-initial test words.

Words Pitch
accent

English gloss Words Pitch
accent

English gloss

High iɾi* LH ‘two li’ uɾi LH ‘we’
vowel HL ‘wolf’ HL ‘cage, pen’

Low ɛdo LH ‘condolences’ aɾɛ LH ‘the day before
yesterday’

vowel HL ‘the old name for Tokyo’ HL ‘the bottom’

*Note that ‘ɾi’ (‘li’) in ‘iɾi’ is a unit for measuring distance, and ‘ɾ’ is an intervocalic allophonic
form of /l/.
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and focus conditions as intended. For themanipulation of boundary conditions, the
target word was located either in the IP-initial position (Table 2a–b) or the Wd-
initial (IP-medial) position (Table 2c–d). The adverbial expression (ibʌnɛn ‘at this
time’) with the aid of a comma that followed (Table 2a–b) helped the speaker to
produce an IP boundary before the target word. For the Wd boundary condition, a
color term [punhoŋ] (LH) ‘pink’was used grouped with the following target word to
form a noun phrase ([punhoŋ iɾi] ‘pink wolf’), which corresponded to an Accentual
Phrase within an IP (Table 2c–d). Note that, because the target word actually
referred to the card on which the target word was written, it was quite natural to
use the color term that modified the target word. The two different focus conditions
(Focused vs. Unfocused) were obtained by placing the contrastive (corrective) focus
either on the target word or on the word that followed. For the focused condition,
the contrastive focus was located on the target word (e.g. [iɾi] (HL) ‘wolf’)
(Table 2a, c). For the unfocused condition, the contrastive focus was located on
the word that followed the target word (Table 2b, d).

As can be seen in Figure 1, neither the prompt sentence nor the test sentence
were written in full on the screen. Instead, to obtain as natural speech data as
possible, mini discourse situations (via a simple dialogue game) were created by
showing the board on the computer screen, and the speaker was asked to
answer the pre-recorded voice’s question based on the information provided
on the board. For example, for the case of Figure 1a (in which the target received
a contrastive focus), the pre-recorded voice asked: Do I put the word (card) that I
just picked after the word ‘[iɾi]’? (written in Korean). Here the word [iɾi] was
produced with a pitch accent pattern of ‘LH.’ The speaker then was instructed to

(a) Target word in the focused condition (b) Target word in the unfocused condition

Figure 1: The board game situations used to create a mini discourse context in which the target
word receives a contrastive focus in (a) and no focus in (b), where the following word receives
a contrastive focus.
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answer this question according to the information provided in the board: [iɾi]
with LH is marked with ‘X’ and [iɾi] with HL with ‘O’. The speaker was told that
the word marked with ‘O’ was the target word, and the word with ‘X’ was an
incorrect referent. Based on this instruction, the speaker corrected the question
by saying “No. This time, put it after [iɾi]” in which the pitch accent for [iɾi] was
‘HL’ correctively in contrast with ‘LH’ for [iɾi] in the prompt sentence. Similarly,
for the case of Figure 1b (in which the contrastive focus fell on the word after the
target word), what was contrastive was between “before” and “after” while the
target word remained the same. In this way, all the speech materials were
obtained in a semi-spontaneous way.

The prompt (question) sentences were recorded by two (a male and a
female) SK Korean speakers who had been born and raised in South
Kyungsang area until their 20s. In the experimental recording session, speakers
were first asked to fill out a demographical questionnaire about their language
and residential backgrounds, followed by an explanation about the experimen-
tal procedures. There was a practice session (for about 20 minutes) with speech
materials that were similar to the experimental materials. In the actual recording
session, speakers were asked to answer the pre-recorded questions following the
information provided in the board (see above). Half of the prompts were from
the male voice, and the other half from the female voice. Experimental slides
were presented in a pseudo-random order, preventing consecutive series of
sentences with similar conditions. Each sentence was recorded with three
repetitions.

All the recordings (both for the prompts and the experimental sentences) were
made in a sound-attenuated room at the Hanyang Institute of Phonetics and
Cognitive Sciences of Language (HIPCS) with Shure SM58 dynamic microphone
and a Tascam DR-100mkII digital recorder at a sampling rate of 44.1 kHz.
Participants had two 10-minute breaks: one after the practice session and the
other in the middle of the recording session. The entire experimental session ran
for about 1.5–2 hours. When none of the three repetitions included an intended
realization in terms of Boundary and Focus conditions, the participants were
required to utter the sentence again, in order to have at least one reliable token
for each type. For the purpose of the present study, 1536 sentence tokens were
obtained: i.e. 2 pitch accent types (initial High tone vs. initial Low tone) x 2 focus
types (focused vs. unfocused) x 2 boundary types (IP-initial vs. Wd-initial) x 4
initial vowels (front high vs. non-high, back high vs. non-high) x 16 speakers x 3
repetitions.

The prosodic renditions of all the utterances obtained were checked by all
three authors (trained Korean ToBI transcribers) following the basic assumptions
of prosodic phrasing in Korean discussed in Jun (2000) and Kim and Jun (2009).
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The tokens on whose renditions agreement was not reached among the authors
(86 tokens, about 5.5%) were discarded, yielding a total of 1450 tokens for
analysis.

2.3 Acoustic measurements

2.3.1 F0 measures in semitones

F0 maximum values of high-toned vowels and F0 minimum values of low-toned
vowels were measured during the first vowel of the bisyllabic target words using
VoiceSauce (Shue et al. 2011) with the STRAIGHT algorithm. The target attain-
ment F0 values were taken from the vowel duration whose glottalized portions
were excluded in order to avoid acquiring low F0 values driven by glottalization
(Dilley et al. 1996; Redi and Shattuck-Hufnagel 2001; inter alia). The obtained
values were hand-corrected in comparison to the F0 profiles provided by Praat
(Boersma and Weenink 2018), which used the autocorrelation analysis method.
The obtained F0 values were then converted to semitones relative to each
speaker’s pitch range. Semitones were used for all the analyses in the present
study in order to make F0 values comparable across male and female speakers
(cf. Simpson 2009).

2.3.2 Spectral tilt measures: H1-A1c and H1-A3c

The term glottalization (interchangeably used with laryngealization) generally
refers to an irregular and abrupt adduction of the vocal folds along with an
increase in muscular tension, resulting in creaky voice (Ladefoged and
Maddieson 1996; Gordon and Ladefoged 2001; Hanson et al. 2001). It happens
when vocal folds are tightly adducted but slightly open allowing for voicing
(Ladefoged 1971; Laver 1980; Ní Chasaide and Gobl 1997). The degree of glotta-
lization can be acoustically captured by spectral tilts, the degree by which the
amplitude of lower frequency components is higher than the amplitude of
higher frequency components in the spectrum. In other words, a higher ampli-
tude of the higher frequency components relative to the amplitude of the lower
frequency components indicates an increase in degree of glottalization. This is
because the abrupt glottal adduction causes spectral energy over a wider range
of frequency. The strength of higher frequencies is therefore considered to be
related to the velocity of vocal fold adduction and the posterior glottal opening,
each of which is positively (for the former) and negatively (for the latter)
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correlated with the degree of glottalization (Stevens 1977; Hanson et al. 2001).
These tendencies may be captured by spectral tilt measures such as H1-A1 and
H1-A3: the difference between the amplitude of the first harmonic (H1) and the
amplitude of F1 (A1) (H1-A1) and the difference between H1 and the amplitude of
F3 (A3) (H1-A3). The smaller the H1-A1 and H1-A3 values, the greater the degree
of glottalization.

In the present study, we obtained these values to assess the degree of
glottalization at a relatively earlier portion of the vowel—i.e. at a 30% point
of the vowel duration, given that glottalization in the vowel initial word tends
to occur at the onset. These spectral measures were corrected for the phonetic
influence of formant frequencies and bandwidth interference by using
VoiceSauce (Shue 2010; Shue et al. 2011). The correction was useful especially
because it allowed examination of the spectral tilt difference for high vowels
for which H1 and F1 are often close to each other causing unwanted acoustic
boosting. The corrected measures will be denoted by ‘c’ as in H1-A1c and
H1-A3c.

2.4 Statistical analysis

A series of repeated measures (RM) ANOVAs were conducted using the indivi-
dual means per speaker which contributed aggregated scores for each condition.
There were four within-subject factors: Pitch Accent (or PA; initial Low tone vs.
initial High tone), Focus (focused vs. unfocused), Boundary (IP-initial vs. Wd-
initial), and V-Height (high vs. low). Dependent variables were one F0 measure
(in semitones) and two spectral tilt measures, H1-A1c and H1-A3c. When a
significant interaction effect was observed between factors, separate one-way
RM ANOVAs were performed to examine where the interaction stemmed from. In
all statistical analyses, p-values less than 0.05 were considered significant.

3 Results

3.1 F0 (in semitone)

All four factors, Pitch Accent, Focus, Boundary, and V-Height, as can be seen in
Figure 2 along with statistical summaries, showed a main effect, so that F0 (in
semitone) was higher for H than for L (the lexical pitch accent effect); higher in
the focused than in the unfocused condition (the prominence effect under
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focus); higher in the IP than in the Wd boundary condition (the boundary-
induced domain-initial strengthening effect); and higher in the high vowel
than in the low vowel condition (the intrinsic phonetic effect due to the vowel
height).

Crucially, however, there were interactions among these factors. There was
a significant Pitch Accent x Focus (two-way) interaction which stemmed from a
bidirectional focus effect on F0 for H vs. L. As shown in Figure 3a, F0 was
significantly higher for H but significantly lower for L in the focused than in the
unfocused condition, showing a phonetic polarization of phonological con-
trast. There was also a significant Pitch Accent x Boundary (two-way) interac-
tion. As shown in Figure 3b, the interaction was due to an augmented domain-
initial strengthening effect on F0 for H being higher in the IP-initial than in the
Wd-initial position, but unlike the focus-related effect, F0 for L was not
modified (lowered) by the boundary condition. Finally, Pitch Accent also
interacted with V-Height, showing an intrinsic vowel height effect only for H.
As shown in Figure 3c, the F0 for H was even higher in the high vowel context
compared to the low vowel context, showing a phonetic facilitation of tonal
realization for H.

The observed two-way interactions, however, were further complicated by
three-way interactions. As shown in Figure 4a, there was a three-way interaction
of Pitch Accent x Boundary x Focus. The interaction stemmed in part from the
fact that the focus-induced polarization effect (i.e. F0 being higher for H but

Figure 2: Main effects of Pitch Accent, Focus, Boundary and V-height on F0 (in semitone).
(*** indicates p <0.001, ** p <0.01, and * p <0.05).
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Figure 3: Two-way interaction effects on F0. (*** indicates p <0.001, ** p <0.01, and * p < 0.05).

Figure 4: Three-way interaction effects on F0. (*** indicates p <0.001, ** p <0.01, and * p <0.05).
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lower for L under focus) was more robust in the Wd-initial than the IP-initial
position. It is interesting to note that the focus-induced F0 lowering effect on L
turned out to be reliable only in the Wd-initial context, while the effect was
suppressed in the IP-initial position—i.e. in the domain-initial strengthening
context where a general F0 raising effect appears to have counteracted a further
F0 lowering for L. As a result, the phonological contrast of lexical pitch accent
was maximized in the prominent (focused) condition especially in the Wd-
boundary context.

There was also a three-way interaction of Pitch Accent x Boundary x
V-Height. As shown in Figure 4b, the interaction was attributable to the fact
that the boundary-induced strengthening effect on H (i.e. F0 for H being higher
for IP than for Wd) became more robust in the high vowel (i.e. in the phonetic
context that facilitates F0 rising) compared to the low vowel contest (high vowel:
IP vs. Wd mean diff. for H, 0.031, F[1,15] = 18.02, p < 0.001, eta2 = 0.54; low vowel:
IP vs. Wd mean diff. for H, 0.024, F[1,15] = 9.68, p < 0.01, eta2 = 0.39). The
boundary-induced augmentation of F0 for H due to a phonetic facilitation in
the high vowel context contributed to enhancing the phonological contrast of
lexical pitch. But again, unlike the focus-induced bidirectional polarizing effect,
the boundary effect did not augment the F0 lowering for L, showing the
difference between the focus-related and the boundary-related effects.

3.2 H1-A1c and H1-A3c

Results showed a main effect of all four factors, Pitch Accent, Focus, Boundary,
and V-Height on H1-A1c and all but the V-Height effect on H1-A3c, indicating an
increase in degree of glottalization (reflected in lowered values of H1-A1c and
H1-A3c) when the vowel was associated with H (vs. L), focused (vs. unfocused),
IP-initial (vs. Wd-initial), and high (vs. low). As shown in Figure 5, both H1-A1c
and H1-A3c were lower for H than for L (the lexical pitch accent effect); lower in
the focused than in the unfocused condition (the prominence effect under
focus); and lower in the IP than in the Wd boundary condition (the boundary-
induced domain-initial strengthening effect). For the V-Height effect, only H1-
A1c showed a significant main effect, being lower in the high vowel than in the
low vowel condition (the intrinsic phonetic effect due to the vowel height), while
H1-A3c showed no such V-Height effect.

There were, however, interaction effects among factors. Let us first consider
two-way interactions regarding how Pitch Accent interacts with Focus and
Boundary, respectively. As shown in Figure 6a, there was a Pitch Accent x
Focus interaction (as a trend effect on H1-A1c and a significant effect on
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H1-A3c), which was due to the fact that the focus-induced increase in degree of
glottalization was larger for H than for L in both H1-A1c and H1-A3c. In other
words, the phonological tonal contrast between H and L was further enhanced
under focus by the phonetic event of glottalization (as can be inferred from
spectral tilt measures). (There was no significant three-way interaction of Pitch
Accent, Focus, and V-Height on either of H1-A1c and H1-A3c, suggesting that the
observed focus-induced contrast maximization effect was not further con-
strained by the intrinsic V-Height factor.) While Pitch Accent interacted with
Focus, however, it did not interact with Boundary. As shown in Figure 6b, there
was no evidence for a Pitch Accent x Boundary interaction on H1-A1c and
H1-A3c, showing that the degree of glottalization was not further modified by
Boundary—i.e. no boundary-induced enhancement of the phonological contrast
of H vs. L. There was no significant three-way interaction among Pitch Accent,
Focus, and Boundary on either of H1-A1c and H1-A3c.

Moving away from the phonological tonal contrast (Pitch Accent) effect, let
us now consider how the degree of glottalization was further modulated by
interactions of other factors such as Focus, Boundary, and V-Height. Figure 7a
shows a Focus x Boundary (two-way) interaction on H1-A1c and H1-A3c, which
was due to the fact that the increases in the degree of glottalization due to Focus
or Boundary were each constrained by the other, showing a kind of ceiling
effect. The focus effect was suppressed when the boundary-induced strengthen-
ing became effective (i.e. in the IP-initial position), and the boundary effect was
suppressed when the focus-induced strengthening became effective (i.e. in the
focused condition). Put differently, the focus effect was fully realized in a
prosodic context in which the boundary effect did not come to effect, and vice
versa. Second, as shown in Figure 7b, there was a Focus x V-Height (two-way)

Figure 5: Main effects of Pitch Accent, Focus, Boundary and V-height on H1-A1c and H1-A3c.
(*** indicates p <0.001, ** p <0.01, and * p <0.05).
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Figure 6: Two-way interaction effects on H1-A1c and H1-A3c. (*** indicates p <0.001, ** p <0.01,
* p <0.05, and trp <0.08).
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interaction. This interaction stemmed from the fact that the focus-induced
increase in glottalization was further augmented in the high vowel vs. the low
vowel context—i.e. in the phonetic environment of high vowel which facilitates
the glottalization. Such a phonetic facilitation of glottalization could also be
observed at least numerically with the boundary-induced effect. As can be seen
in Figure 7c, the patterns of the Boundary x V-Height interaction were similar to
those of the Focus x V-Height interaction, although the interaction did not reach
statistical significance. Finally, there was a significant three-way interaction
among Focus, Boundary, and V-Height on H1-A1c (but not on H1-A3c), as
shown in the upper panel of Figure 7d. This interaction was due to the fact
that the focus effect was maximized in a phonetic environment that facilitates
glottalization (i.e. in the high-vowel context) but only in the Wd boundary
condition (i.e. when the boundary strength did not take into effect); and like-
wise, the boundary effect was maximized again in the high-vowel context only
in the absence of the focus effect. The three-way interaction effect therefore
indicates that the mutual constraint of higher-order prosodic factors (focus and

Figure 7: Three-way interaction effects on H1-A1c and H1-A3c. (*** indicates p <0.001,
** p <0.01, * p <0.05, and trp <0.08).
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boundary) on each other (i.e. the focus or the boundary effect was fully realized
in the absence of the other factor), as was found with the Focus x Boundary
(two-way) interaction, was further influenced by the intrinsic phonetic factor of
vowel height in a way to maximize the glottalization effect in the phonetically
optimal, high vowel context. This interaction effect, being significant on H1-A1c,
however, was only numerically observable with H1-A3c which failed to show a
significant three-way interaction effect.

4 General discussion

This study set out to explore questions as to: (1) how the tonal (F0) contrast in
the lexical pitch accent system of South Kyungsang (SK) Korean is modulated by
prosodic structure, especially under prosodic strengthening that arises with
prominence and boundary markings; (2) how the non-contrastive phonetic
event of glottalization may be employed in reference to the phonological
(tonal) contrast and the higher-order prosodic structure; and (3) how the intrin-
sic vowel height factor would interact with the prosodic modulation of the tonal
contrast and the degree of glottalization. In the remainder of this section, we will
discuss how the results of the present study inform these questions along with
their theoretical implications.

4.1 Enhancement of the tonal (F0) contrast under prosodic
strengthening

One of the most important findings of the present study concerns an enhance-
ment of the tonal contrast due to lexical pitch accent in different prosodic
strengthening environments. Most crucially, the focus-induced strengthening
effect gave rise to a phonetic polarization of the Low-High tonal contrast of
the word-initial vowel (arɛ ‘LH’ vs. arɛ ‘HL’), in such a way that the High tone
became even higher and the Low tone became even lower in the focus-induced
prominent condition. Under the assumption that the focus-induced strengthen-
ing may serve as a metric for the phonetic content of the phonological contrast
(e.g. de Jong 2004; Cho and McQueen 2005), the bidirectional polarization of the
tonal contrast indicates that both the Low and the High tones are realized in
making direct reference to the phonological contrast.

This further informs the debate on the nature of the Low tone. As discussed
at the outset, a theoretical debate regarding the Low tone concerns whether the
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Low tone is part of the underlying representation specified in the lexicon or
about as a consequence of the initial syllable being unspecified for its tone,
which is filled later in the process (post-lexically) by the initial boundary Low
tone of Accentual Phrase at the level of intonational phonology (e.g. Kim and
Jun 2009). Given the evidence that the similar initial boundary Low tone in Seoul
Korean does not become lower under focus showing no polarization effect (Choi
et al. In preparation), the further lowering of the Low tone in SK Korean under
focus, which contributes to an enhancement of the phonological contrast, may
be interpreted as being part of the underlying representation. Another piece of
evidence in support of this interpretation comes from the fact that the polariza-
tion was more clearly manifested in the Wd boundary context. Recall that the
initial vowel of the test words in the Wd boundary condition was not aligned
with the left edge of Accentual Phrase (AP) (because the Wd boundary occurred
in the middle of AP), so that it was not theoretically feasible to attribute the Low
tone to the initial boundary tone of AP. Thus, the fact that the Low tone became
even lower in the possibly non-initial position of AP is more consistent with the
lexical specification account for the Low tone, taking support away from the
post-lexical assignment account.1

We do not, however, rule out the possibility entirely that the Low tone is
post-lexically assigned to the unaccented initial syllable, as suggested by Kim
and Jun (2009), and that the post-lexically assigned tone still participates in
enhancing the phonological contrast. Even if the Low tone is a post-lexical
phrasal property, it leads to the lexical distinction at least on the surface
between High and Low. Under this account, what determines the phonetic
content of phonological contrast may not be restricted to the case in which the
source of the phonetic content is the underlying phonological representation.
What matters then would be whether the phonetic content, regardless of
whether its source is lexical or post-lexical, would lead to lexical distinction.
This account, however, still needs to be refined to account for the finding that
the strongest evidence for the phonetic polarization effect was found in the Wd
boundary condition in which the post-lexical assignment of the Low tone is not

1 As a reviewer pointed out, one cannot rule out the possibility that the bidirectional polariza-
tion of the tonal contrast comes about as a consequence of an expansion in pitch range under
focus, as, for example, predicted by the PENTA model (e.g. Xu et al. 2004, 2015). In such a pitch
range expansion account, an enhancement of the phonological contrast of tonal targets (Low
vs. High) may occur indirectly due to a possible post-focal tonal compression. This alternative
account calls for caution in interpreting the results of the present study. Nevertheless, the
dialectal difference between SK Korean and Seoul Korean (i.e. an AP-initial Low tone becomes
lower in SK Korean, but higher in Seoul Korean (Choi et al. In preparation) under focus)
suggests that the tonal targets are directly modulated by focus.
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fully feasible. A recent theoretical development regarding the prosodic hierarchy
of Seoul Korean, however, devised a way of making this possible (Jun 2005) by
making the focused word by default form an Accentual Phrase. However, in this
theoretical framework, an issue remains unsolved as to how the preceding
prefocal element should be treated in the hierarchy of prosodic organization.
For example, in our corpus, the focused word ‘iri’ in the Wd boundary condition
is preceded by a color term ‘punhoŋ’ as in [IP punhoŋ iri twi-ɛ nwa-ra]. We did
not find any acoustic or perceptual evidence that indicates that the prefocal
‘punhoŋ’ formed an independent AP. As a result, the prefocal element would
remain stranded, violating an important assumption of the Strict Layering
Hypothesis (e.g. Selkirk 1984; Nespor and Vogel 1986). It remains to be seen
how this issue is to be settled in order to determine the source of the Low tone.

Unlike the focus-induced strengthening effect, the boundary-induced
strengthening effect does not yield a polarizing enhancement of the tonal con-
trast due to pitch accent. Instead, the boundary strengthening has an across-the-
board effect of increasing both the High and the Low tones. The effect appears to
be attributable to the overall domain-initial strengthening of laryngeal articula-
tion by which an increased tension on vocal folds yields a global F0 rising effect
(see Fougeron 1999; Cho 2016 for a related discussion). Such a strengthening
effect may be interpreted as serving a delimitative function of marking prosodic
junctures, being distinctive from the culminative function of prominence mark-
ing which makes direct reference to phonological contrast.

4.2 The role of the phonetic event of glottalization

The degree of glottalization as reflected in spectral tilt measures (H1-A1c,
H1-A3c) was found to vary systematically as a function of prosodic structure.
In other words, the degree of glottalization of the word-initial vowel increases in
the IP-initial than in the Wd-initial condition, and in the focus-induced promi-
nence than in the unfocused condition. The results are consistent with the
findings reported in previous studies, confirming that the degree of glottaliza-
tion is an important phonetic reflex of prosodic structure which holds across
languages (e.g. Pierrehumbert and Talkin 1992; Dilley et al. 1996; Gordon and
Ladefoged 2001; Redi and Shattuck-Hufnagel 2001; Garellek 2012; Jun and Cha
2015).

Glottalization is a non-contrastive phonetic event, attributable to glottal
tension that arises in prosodic strengthening environments, and it appears that
the articulatory force is imposed on vocal folds by both the boundary- and the
prominence-induced strengthening. Most crucially, however, there was some
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noticeable difference between the boundary and the prominence effects in the
way that they interact with the phonological contrast that arises with lexical
pitch accent. While the results showed no interaction between Boundary and
Pitch Accent, there was a significant interaction with Focus and Pitch Accent.
That is, the focus condition induced an increase in the degree of glottalization
for both the High and the Low tones, but the effect was far greater for the High
tone. The High tone may provide a phonetic context in which the glottal tension
is facilitated, which yields greater glottalization for the high-pitched than for the
low-pitched articulation (cf. Honda et al. 1999; Raphael et al. 2007). The pho-
netic facilitation would result in an augmentation of the difference in the degree
of glottalization between the High and the Low tones, resulting in an enhance-
ment of the phonological tonal contrast. Note that such an enhancement effect
was not observed with the boundary-related effect despite the fact that the
boundary also induced an increase in the degree of glottalization for both the
High and the Low tones.

These results therefore imply that the phonetic event of glottalization is used
for both the boundary and the prominence markings that arise with prosodic
structuring of an utterance, showing both the delimitative and the culminative
functions, respectively. Moreover, as was the case with prosodic strengthening
effects on F0, the phonological contrast between the High and the Low tones
was found to be further enhanced by the phonetic event of glottalization
especially under focus, suggesting that the phonetic event of glottalization is
modulated by the phonological contrast system of the language.

Finally, it is worth pointing out that we also found interaction effects
between Boundary and Focus, independently of Pitch Accent, so that the
boundary effect on glottalization was more robust in the absence of the focus
effect (in the unfocused condition), and the focus effect was more robust in the
absence of the boundary effect (in the Wd boundary condition). This indicates
that glottalization as a phonetic event of marking prosodic structure is realized
in an intricate interplay of its dual functions of boundary and prominence
markings (e.g. Cho and Keating 2009; Cho 2016). The mutual constraints of
Boundary and Focus on each other are consistent in part with previous findings
which showed a similar prominence-sensitive domain-initial strengthening effect
on consonantal measures such as VOT (e.g. Cho 2006, 2008; Cho and Keating
2009; Kim and Cho 2011; Cho et al. 2014)—i.e. the prominence-induced strength-
ening effect (for example, on VOT) is robust across the board showing its
primacy over the boundary effect, so that the boundary-induced domain-initial
strengthening effect surfaces only in the non-prominent (unfocused) condition.
But the results of the present study also revealed an effect which was the other
way around—i.e. a boundary-sensitive prominence effect which surfaced only
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when it was free of the influence of boundary. The mutual constraint appears to
be due to the fact that glottalization is a non-contrastive phonetic event, show-
ing no primacy of the prominence effect (which is assumed to regulate the
phonetic effect of the phonological contrast), while the prominence-sensitive
boundary effect that was previously observed may be due to the fact that the
phonetic parameter examined (e.g. VOT) is a phonetic feature that is involved in
making the phonological (voicing) contrast.

4.3 The intrinsic vowel height effect

The intrinsic vowel height (high vs. low vowel), which is known to influence the
phonetic realization of F0, was found to interact with the prosodic modulation of
the tonal contrast and the degree of glottalization. Of particular interest was the
finding that while F0 was generally higher for the high vowel, the effect was
significant only for the High tone (as was evident in the significant Pitch Accent
x V-Height interaction). Given that a higher F0 for the High tone is accompanied
by substantial tension on vocal folds, and given that the high vowel condition
further facilitates the F0 rise by increasing the glottal tension (e.g. Honda et al.
1999), the observed augmentation of F0 could be seen as a phonetic facilitation
effect. The facilitation effect was further evident in the three-way interaction of
Pitch Accent x Boundary x V-Height—that is, the augmented F0 (due to V-Height
for the High tone) was maximized in the IP boundary condition, which has also
been assumed to have a domain-initial strengthening effect of increasing the
glottal tension (e.g. Fougeron 1999; Cho and Jun 2000). Considering the pho-
netic facilitation effect, the phonetic consequence of the V-Height effect could be
interpreted as a pure phonetic effect stemming from low-level biomechanical
constraints imposed on glottal articulation. If the V-Height effect operated as a
pure low-level phonetic effect, however, the effect should have been observed
for both the High and the Low tones. The lack of significance of the V-Height
effect for the Low tone, however, weakens the pure phonetic account, and leads
us to propose that the phonetic facilitation of F0 rise, which originally stemmed
from a low-level effect, is further regulated under speaker control in reference to
the linguistic sound system of the language (cf. Keating 1985; Kingston and
Diehl 1994; Jun 1996; Cho and Ladefoged 1999; Solé and Ohala 2010; Cho 2015).

The intrinsic vowel height effect was further observed with spectral tilt
measures used as an index of the degree of glottalization. The vowel height
effect was found to be significant on H1-A1c (though not on H1-A3c), showing an
increase in the degree of glottalization in the high vowel condition. This is in
line with the prediction that the high vowel condition is produced with an
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increase in glottal tension, facilitating glottalization which also involves glottal
tension. However, unlike the effect on F0 being related to the phonological tonal
contrast (Pitch Accent), the vowel height effect on the degree of glottalization
did not interact with Pitch Accent. But the vowel height effect did interact with
Focus and Boundary.

Both the focus and the boundary effects (which induced an increase in the
degree of glottalization) were more robust in the high vowel context. Put
differently, the vowel height effect was augmented in the focused condition
and in the IP boundary condition. Given the lack of a Pitch Accent x V-Height
interaction (which would have better illuminated the relationship between the
phonological tonal contrast and the vowel height), it is not entirely clear to what
extent this phonetic effect could be interpretable as something that is under
speaker control in reference to the phonological contrast in question. But the
V-Height effect surely contributed to the prosodic modulation of glottalization,
indicating that the low-level phonetic effect is intricately involved in marking
the higher-order prosodic structure, perhaps in a way that is controllable by the
speaker.

5 Conclusion

The findings of the present study as discussed so far have provided compelling
evidence for a systematic prosodic-structural modulation of the phonological
contrast that arises with the lexical pitch accent in South Kyungsang Korean.
The modulation of F0 and spectral tilt measures (H1-A1c and H1-A3c) were found
to entail prosodic strengthening effects which were distinct as a function of
prosodic structure. Previous studies have shown similar results, but they were
mostly based on prosodic strengthening effects on phonetic realization at the
segmental level. The present study has newly provided further evidence with
respect to how prosodic strengthening may relate to phonological contrast at the
suprasegmental level in a lexical pitch accent language. In particular, a phonetic
polarization of the phonological contrast due to pitch accent was observed only
in association with the culminative function of prominence marking, whereas
the boundary-induced domain-initial strengthening effects were largely charac-
terized as heightening the phonetic clarity in a way to demarcate prosodic
junctures. The results indeed confirmed the dual linguistic functions of prosodic
structuring with the boundary marking (delimitative function) and the promi-
nence marking (culminative function), reflecting an intricate interplay between
prosodic structure and phonetic realization in reference to the phonological
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system of the language. The findings of the present study have also provided
evidence for the linguistic function of phonetic granularity that is reflected in the
degree of glottalization which is fine-tuned by the higher-order prosodic struc-
ture and the phonological contrast. Finally, the way that prosodic strengthening
effects were systematically conditioned by the intrinsic vowel height implies that
a seemingly low-level phonetic phenomenon may be employed by the linguistic
system of the language, thus being under speaker control.
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