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ABSTRACT

SIMULTANEOUS ENCODING AND DECODING OF
LARYNGEAL CONTRASTS AND PROSODIC
STRUCTURE IN SEOUL KOREAN

SEPTEMBER 2025

SEUNG SUK LEE
B.A, INDIANA UNIVERSITY BLOOMINGTON
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Kristine M. Yu

This dissertation investigates how segmental contrast and prosodic structure are
acoustically implemented in production and processed from the acoustic signal in
perception.

In Seoul Korean, it has been widely accepted that the primary acoustic cue for
signaling prosodic structure is the FO contour (Jun, 1993). Prosodic structure has
also been reported to affect the voicing of lenis obstruents in Seoul Korean (Jun,
1993) but due to the finding that this segmental process is optional (Jun, 1994; Han,
2000), it has been assumed that segmental realization is a less reliable cue for prosodic
structure than the FO contour (Jun, 1994).

This dissertation presents findings that suggest that there may be a greater role for
segmental realization in signaling prosodic structure than previously thought. First,

I report empirical evidence that suggests the realization of lenis obstruents is in fact

vii



more systematically affected by the prosodic context than previously reported. Sec-
ond, contrary to previous assumptions that FO contours more reliably signal prosodic
structure than segmental realization, I report evidence that segmental realization may
in fact be more reliable in signaling prosodic structure in certain contexts in Seoul
Korean. Finally, these findings that the realization of lenis obstruent is a reliable cue
for prosodic structure are supported by the results of a perception experiment, which
shows that listeners are more affected by the segmental realization of lenis obstruents
than by the FO contour in making decisions about prosodic structure.

Based on these findings, I argue that acoustic cues simultaneously encode both
segmental contrast (lenis vs. aspirated stops) and prosodic structure (phrase-initial
vs. phrase-medial) in Seoul Korean, and listeners hearing these acoustic cues decode

both types of information simultaneously.
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CHAPTER 1
INTRODUCTION

1.1 Prosodic encoding and decoding

This dissertation investigates how segmental contrast and prosodic structure are
acoustically implemented in production and processed from the acoustic signal in
perception.

There is a long list of previous work reporting evidence that underlying phonolog-
ical, morphological, syntactic, and informational structures are acoustically encoded
in the speech signal in production (e.g., Selkirk, 1984; Nespor & Vogel, 1986; Cho,
2001), and that listeners pay attention to such fine phonetic details and make syn-
tactic parsing decisions based on them in auditory sentence processing (e.g., Lehiste
et al., 1976; Scott & Cutler, 1984; Shattuck-Hufnagel & Turk, 1996).

When speakers produce utterances, they encode at least three kinds of informa-
tion in the acoustic signal: (1) what the sequence of phones is, (2) how the sequence
is grouped or chunked, and (3) which of these chunks are prominent or salient rel-
ative to other chunks (Beckman, 1996; Shattuck-Hufnagel & Turk, 1996). The first
pertains to producing the segments with the relevant acoustic cues that distinguish
the phonological contrasts that exist in the language (e.g., /ban/ vs. /pan/). The
second is related to encoding the underlying structure into the utterance, such that
the linguistic units that are necessary to understand the message, e.g., morphemes
or syntactic phrases, can be retrieved by the listener. In speech production, speakers
‘encode’ such linguistic structure in the acoustic signal, by producing the acoustic sig-

nal in ‘chunks’ delimited by various phonetic cues such as duration, F0, and intensity.



This chunking of the acoustic signal is referred to as the ‘delimitative’ function of
prosody in the literature (Shattuck-Hufnagel & Turk, 1996). Finally, in an utterance,
one of the syntactic constituents may be marked as signalling new information, or as
contrastive, in the information structure. Such a constituent may be realized with a
particular prosodic prominence, making it more prominent than other ones within the
same utterance (Shattuck-Hufnagel & Turk, 1996; Truckenbrodt, 1995). This function
of prosody is referred to as the ‘culminative’ function of prosody (Shattuck-Hufnagel
& Turk, 1996).

In speech perception, this encoding process is reversed. Listeners perceive disrup-
tions in the signal and ‘decode’ the acoustic signal into a phonological representation:
segments that are grouped into hierarchically prosodic units such as syllables, feet,
prosodic words, and prosodic phrases. These units are related to syntactic units that
are needed to understand the message, i.e., morphemes, lexical words, and syntactic
constituents.

From this ‘structural’ view, prosody includes ‘both the higher level organization,
with its constituent boundaries and prominences, and the phonetic reflexes of this
organization in the pattern of F0, duration, amplitude and segment quality /reduction
within an utterance’ (Shattuck-Hufnagel & Turk, 1996, p. 196). This dissertation
investigates the interdependency and simultaneity of the encoding and decoding of
segmental contrast and delimitation of speech signal. Specifically, when a segment
varies in its acoustic quality as a function of the prosodic context (Nespor & Vogel,
1986), its acoustic realization signals both the prosodic structure and the segmental
contrast. I investigate this phenomenon from the lens of a particular model of speech
perception proposed in Cho et al. (2007), which assumes that the ‘prosodic structure

is built in parallel to lexical /segmental analysis’ in speech perception (Cho et al.,

2007, p. 233).



I will explain this parallel analysis with a schematic example. Consider a hypo-
thetical language with a word-initial phonemic contrast of X and Y: there exists a
minimal pair of words in this language that differ in word meaning, depending on
the identity of the word-initial segment. Now assume that X and Y also differ in
the acoustic quality as a function of the prosodic context in speech production. X
is realized as A in the prosodic context ‘P;’, and as B in another prosodic context
‘Py’. In the same prosodic contexts, Y is realized as C and D, respectively. These

realizations are summarized in (1).

(1)  Possible realizations of segments in speech production

a. X—A /P
b. X =B /P,
c. Y—=>C/P;
d. Y—=D/P,

In this example, the hypothetical language has two linguistic contrasts: X vs. Y, and
Py vs. Py. The first (lexical contrast) differentiates a pair of words (e.g., ‘ban’ vs.
‘pan’), while the second (prosodic contrast) can differentiate a pair of syntactically
ambiguous constructions (e.g., the difference in meaning between: [Aaron and Bill] or
[Charlie| and [Aaron]|, and |Bill or Charlie]) (Nespor & Vogel, 1986). The prosodically
conditioned acoustic variation suggests that there are four possible contrasts that need

to be resolved by the listener in speech perception, as summarized in (2).

(2) Four possible contrasts in speech perception

a. A vs. B (prosodic contrast (P; vs. Py) when segment is X)

b. C vs. D (prosodic contrast (P; vs. Py) when segment is Y)

c. A wvs. C (segmental contrast (X vs. Y) when prosodic context is Pq)
( )

d. B wvs. D (segmental contrast (X vs. Y) when prosodic context is Py)



A particular acoustic realization of a segment (e.g., A) conveys both the information
about the segmental contrast (is it X or Y?7) and about the prosodic context (is it
in the prosodic context Py or P57). When listeners hear a sentence, they understand
both what the sentence means and what words it contains, and these computations
can occur simultaneously, considering a particular acoustic realization of a segment
has information for both computations. In fact, in this set up, listeners might not
be able to just process one computation without also processing the other. This is
the prediction of the model proposed in Cho et al. (2007) as the computation of the
prosodic structure (is it in the prosodic context Py or P57) and the lexical analysis
(is it X or Y?) are argued to occur simultaneously.

In theory, any language with prosodically conditioned variation in acoustic real-
ization of segments (e.g., Selkirk, 1984; Nespor & Vogel, 1986) may potentially exhibit
the schenario described in this example. However, previous studies have reported that
segments may only optionally be affected by the prosodic context (Jun, 1993, 1994;
Han, 2000; Arvaniti & Baltazani, 2005), which would undermine the role of segmental
realization in speech perception. For instance, if X is only optionally realized as B
in Py, and can be realized as A in Py sometimes, the realization A does not reliably
convey information of the prosodic context.

This dissertation investigates Seoul Korean which potentially exhibits the test
case scenario. Seoul Korean is particularly interesting as the culminative function of
prosody may not be independent from the delimitative function of prosody. Seoul
Korean is argued to be an ‘Edge-prominence’ language, as opposed to a ‘Head-
prominence’ language like English (Jun, 2014). In a ‘Head-prominence’ language,
some of the prosodic constituents are marked with a pitch accent, which is associated
with word-level stress, marking the word more salient than others. On the other
hand, in an Edge-prominence language, there is no word level prominence. Instead, a

salient constituent is the one that is marked with a prosodic constituent edge, hence



the name ‘Edge-prominence’. Therefore, in an Edge-prominence language, such as
Seoul Korean, it is assumed that prominence marking is never acoustically imple-
mented independently from boundary marking. Recent proposals that make different
assumptions about intonational phonology of Seoul Korean exist, where it is argued
two prosodic words with the same prosodic phrasing may additionally differ in the
location of prominence (Hatcher et al., 2024). However, in this dissertation, I follow
the view that prominence is always marked with a prosodic constituent edge in Seoul
Korean.

In Seoul Korean, the realization of lenis obstruents is conditioned by the prosodic
context, and yet it has also been reported to that there is optionality in the prosodic
conditioning of the realization of lenis obstruents (i.e., optional voicing of lenis stops)
(Jun, 1993, 1994; Han, 2000). This optionality of segmental realization has led re-
searchers to consider segmental realization as a less reliable cue than patterns in the
F0 contour in Seoul Korean (Jun, 1994).

This dissertation presents findings that suggest that there may be a greater role
for segmental realization in signaling prosodic structure than previously thought.
First, contrary to previous findings that the realization of lenis obstruent is option-
ally affected by the prosodic context (Jun, 1993, 1994; Han, 2000), I report empirical
evidence that suggests the realization of lenis obstruents is in fact more systemati-
cally affected by the prosodic context than previously reported. Second, contrary to
previous assumptions that FO contours more reliably signal prosodic structure than
segmental realization, I report evidence that segmental realization may in fact be
more reliable in signaling prosodic structure in certain contexts in Seoul Korean. Fi-
nally, these findings that the realization of lenis obstruent is a reliable cue for prosodic
structure are supported by the results of a perception experiment, which shows that
listeners are more affected by the segmental realization of lenis obstruents than by

the FO contour in making decisions about prosodic structure.



The rest of this chapter proceeds as follows. §1.2 reviews the intonational phonol-
ogy and laryngeal contrasts of Seoul Korean. This review presents the possible re-
alizations of the laryngeal contrast of lenis vs. aspirated obstruents in Seoul Korean
in different prosodic contexts. §1.3 reviews how the decoding of the acoustic signal
into prosodic structure and segmental contrasts is tested experimentally in general,
and it also presents relevant previous perception experiments on Seoul Korean. §1.4
reviews Cho et al. (2007)’s model of perception. Finally, §1.5 ends this chapter with

an overview of the dissertation.

1.2 Seoul Korean

In this section, I present background on Seoul Korean. I start with a review of
the model of intonational phonology of Seoul Korean and its prosodic transcription
system, K-ToBI (Jun, 1993, 2000, 2006, 2007), which I adopt in this dissertation. I
then move on to the three-way laryngeal contrast of Seoul Korean and the phonetic

correlates for the laryngeal categories which are dependent on the prosodic position.

1.2.1 K-ToBI: Intonational phonology of Seoul Korean

This dissertation adopts the autosegmental-metrical system of Seoul Korean in-
tonation called the K-ToBI model (Jun, 1993, 2000, 2006, 2007). The full system of
Seoul Korean intonation, as proposed in the K-ToBI model, is given in Figure 1.1.
In this model, there are three levels of prosodic constituents above the Phonological
Word (PW or PWd): the Accentual Phrase (AP), the intermediate phrase (ip), and
the Intonational Phrase (IP) (Jun, 1998, 2000, 2006, 2007).

In Seoul Korean, the syllable is the tone-bearing unit in the intonational phonol-
ogy, and feet are not included in the K-ToBI model (Jun, 2000). The Phonological
Word (PW) is defined loosely as a lexical item with optional postpositions such as case

markers and sentence-final particles. What constitutes a ‘word’ in Korean is not well



defined in the literature, partially due to the absence of word-level prominence (i.e.,
lexical stress) in Korean. In the K-ToBI literature, researchers often assume that an
orthographic word, or an ‘Eojeol’ (the sequence of syllables that are demarcated with
a space in writing) is a PW in Korean (e.g., Jun, 2000; Jung et al., 2007a). I follow

the same assumption in this dissertation and use Eojeols and PWs interchangeably.

Intonational Phrase

Intermediate Phrase Ip
Accentual Phrase AP)
Prosodic Word PWd PWd)

Syll\:/a(b(lje g o

L +H L+ Ha  H- },
(La) (L") Looe tion et

The initial tone is | if the syllable onset is an Aspirated or Fortis obstruent

Figure 1.1: The K-ToBI model of Seoul Korean Intonational system (Jun, 1998, 2000,
2006, 2007). ‘La’ and ‘L-” are in parentheses as they are reported to be less frequent
than ‘Ha’ and ‘H-’, respectively (Jun, 2000, 2007).

Among the prosodic constituents above the PW, the AP has been the focus of
past literature because it not only has a distinct tonal melody, but it also seems to
be the domain for segmental processes such as lenis obstruent voicing (Jun, 1998).
Since the AP is the first level of constituent above the syllable, that is well-studied
in terms of its prosodic characteristics, I will discuss the AP in more detail here.

The AP starts with either an ‘H(igh)” or an ‘L(ow)’ tone, depending on its first
segment. If the first segment is an aspirated or a fortis obstruent, the AP-initial tone
is an ‘H’, and when the first segment is anything other than an aspirated or fortis
obstruent, e.g., a lenis obstruent, it is an ‘L’. This is summarized in Table 1.1.

We will come back to this tonal distinction between the laryngeal categories of

aspirated vs. lenis obstruents in particular, in §1.2.2. The tones ‘+H’ and ‘L+’ are



AP-initial Tone Consonant types Phones

H Aspirated /p®, th, kI b/
Fortis /p*, t*, k*/
Fricatives /s, s* h/

L Lenis /p, b,k )/

Nasals /n, m/
Vowels /a, e, i, 0, u, i, ../

Table 1.1: H/L inducing segments

said to be ‘loosely associated with the second and the penultimate syllable, respec-
tively. These tones are also optional and may not be realized on the surface if the
AP is shorter than four syllables. The last tone of an AP is most frequently ‘Ha’
though it can also be ‘La’. The ‘-a’ is a diacritic that indicates that the tone is as-
sociated with the Accentual Phrase edge. Interestingly, while the right edge of the
prosodic constituents above the PW in other languages tend to be marked both with
a boundary tone and pre-boundary lengthening (Lehiste et al., 1976; Wightman et al.,
1992), the AP is argued to be marked solely with the boundary tone, but not with
the pre-boundary lengthening (Jun, 1993).

An AP may consist of multiple PWs though Jun (2000) argues that an AP is typ-
ically a lexical item plus a post-positional marker, such as the case marker. However,
the AP is defined by its acoustic characteristics rather than as a syntactic constituent
(e.g., a noun with a case marker), and is argued to be tonally ‘demarcated by a
phrase-final High tone’ (Jun, 1998, 190). Jun reports that the sequence of syllables
that has distinct tonal melody (e.g., ‘L +H L+ Ha’), i.e., the AP, often cannot be
explained as a syntactically defined constituent. Moreover, various segmental pro-
cesses in Seoul Korean seem to refer to the AP, rather than syntactic constituents.
For instance, voiced realizations of lenis obstruent onsets were largely found at the
medial (non-initial) position of an AP in Jun’s production study Jun (1994). But due
to frequent mismatches of the prosodic constituents (the AP) and the syntactic con-

stituents, it was inadequate to characterize the distribution of voiced lenis obstruent



onsets using syntactic constituents. Finally, Jun reported that the realization of lenis
obstruents was affected by speech rate, that is, there were more instances of voiced
lenis obstruents when the speech was faster (Jun, 1994, 1998). It would be hard
to explain how prosodic constituents could be directly generated from the syntactic
constituents, or to propose that segmental realization is directly conditioned by the
syntactic constituents since it is unlikely that the syntactic structure would change
by the speech rate.

The ip is the prosodic constituent above the AP level. The ip was added to the
K-ToBI model later to account for the pitch reset due to focus and syntactic phrase
structure (Jun, 2006). According to Jun (2006), the ip can be detected if the end
of an AP has a higher AP-final tone than that of the preceding AP, in which case
this higher AP-final tone is labeled as the ip-final tone; or if an AP has a higher
initial pitch than that of the preceding AP, in which case this higher initial pitch is
labeled as the ip-initial tone. Described this way, detecting the ip boundaries seems
to assume that the AP boundaries are first known to the labeler. In other words, this
assumes that the AP labeling has been finalized and then the ip is found on the basis
of that. For the sake of simplicity, I generally adopt the version of K-ToBI without
the ip, and only discuss the ip as a potential alternative prosodic structure, when I
present the prosodic analysis of an acoustic signal.

The largest prosodic constituent is the IP, which is marked by boundary tones
and final lengthening. There are at least nine attested IP boundary tones (L%, H%,
LH%, HL%, LHL%, HLH%, LHLH%, HLHL%, LHLHL%). The boundary tones are
used to convey pragmatic and semantic meanings of the utterance. For example, a
WH-question can be marked by H%, LH% or HL% (Jun & Oh, 1996). When the
right boundary of an AP or ip coincides with an IP right boundary, the AP (and/or

ip) final tone is overridden by the IP boundary tone.



In the K-ToBI model, Jun (1993) takes the ‘Intonation first approach’, which ar-
gues that the prosodic constituents are defined by the acoustic characteristics and are
independent from, though strongly related to, the syntactic constituents. This sug-
gests that a given syntactic structure is not deterministically realized with a particular
prosodic structure.

The K-ToBI model also assumes that the prosodic constituents in Seoul Korean
are ‘strictly layered” and properly bracketed (e.g., Selkirk et al., 1982; Selkirk, 1986).
The Strict Layer Hypothesis states ‘a constituent of category-level n in the prosodic
hierarchy immediately dominates only constituents at category-level n-1 in the hier-
archy’ (Selkirk, 1984, p.26). This means that, according to the K-ToBI model, Seoul
Korean prosodic constituents do not violate the constraints in (3). The constraint
definitions are borrowed from Selkirk & Lee (2015), and they refer to a variable C?,
which stands for prosodic constituent of level i in the prosodic hierarchy. For Seoul
Korean, the assumed prosodic hierarchy is: IP/ip/AP/PW /syllable (from the highest,

IP, to the lowest level, syllable).

(3) Strict Layer Hypothesis constraints as defined in p. 190 in Selkirk (1996) :

a. Headedness: any C' must dominate a C*~! except if C? is a syllable.

b. Non-recursivity: no C* dominates C’, where i = j.

c. Layeredness: no C' dominates C7, where j > i.

d. Exhaustivity (level-skipping): no C? immediately dominates C7, where ]

< i-1.

The Strict Layer Hypothesis assumes that smaller prosodic constituents are contained
inside larger ones. This has been referred to as ‘proper bracketing’ (Bickel et al., 2009),
who writes that ‘proper bracketing’ refers to the ‘expectation that no language will
exhibit non-stacking domains in its prosodic structure, e.g. the edge of a phonological

phrase cannot be situated inside a phonological word’. These constraints are assumed
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to be universal for any prosodic hierarchy, though among these constraints, Exhaus-
tivity and Non-recursivity are sometimes argued to be violable in some languages
(e.g., Ito & Mester, 2012), and also in Seoul Korean (e.g., Jun, 2011; Lee, 2022; Baek
& Yun, 2018). These alternative prosodic structures that violate some of the Strict
Layer hypothesis constraints will be discussed further in Chapter 3 and Chapter 4.

Besides tonal labeling, K-ToBI has another component, which is Break Indices
(Bls) labeling. The Bls are labeled subjectively based on listener’s perception of
juncture strength between PWs. Jun (2000) explains that there are 4 levels of BI in
the K-ToBI model ranging from 0 to 3. The BI level 3 denotes the strongest prosodic
juncture, usually instantiated by a notable pause or ‘a strong subjective sense of
pause’ instantiated by the lengthening of the final syllable (i.e. final lengthening).
This BI level is associated with IP boundaries. The BI level 2 corresponds to AP
boundaries and is associated with a ‘sense of phrase edge’ usually instantiated by the
tonal pattern at the right edge of the Accentual Phrase. In terms of the K-ToBI labels
introduced above, this can be labeled as the phrase final ‘Ha’ tone (or less frequently
as ‘La’). Below the BI level 2, the BI level 1 denotes phrase-medial PW boundaries
and the BI level 0 denotes cases for monosyllabic functional nouns that do not form
a PW on their own (e.g., the nominalizer /kot/ or the negation marker /an/). These
BI levels would indicate that the syllables that follow these junctures are the initial
syllables of the constituents that the BI levels are associated with. For example,
the syllable following the BI level 3 would be an IP-initial syllable, and the syllable
following the BI level 2 would be an AP-initial syllable, and so on, as summarized in
Table 1.2.

The first thing to note is that identifying these BI levels sometimes relies on in
terms of ‘the subjective sense’ of the labelers/native speakers though in other cases
they are described in terms of phonetic cues, such as final lengthening or identification

of the phrase final ‘Ha’ tone (Jun, 2000). Marking the tonal labels on the AP bound-
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BI level [xo (Initial syllable of the prosodic constituent X)

3 [IPO'

2 [APU

1 [pr’

0 [pw. .. (PW—medlal)

Table 1.2: The BI levels and the associated positions in the prosodic constituents

aries then accompanies BI labels, which provides support for the found boundaries,
by identifying the tonal events that are supposed to happen at the junctures, e.g., the
boundary tones in the IP-final syllable, or the phrase final tone ‘Ha’ in the AP-final
syllable. Interestingly, the tone labels in fact are indicative of prosodic boundaries,
which would make the Bls completely redundant. For example, we would know that
there is an AP boundary between two syllables if the second syllable marked with
the initial tone ‘L’ is preceded by a syllable marked with the final tone ‘Ha’, without
even needing to look at the BI tier. The K-ToBI manual mentions that the BI and
the tones could mismatch sometimes which should be flagged on the BI tier with
the diacritic of ‘m’ (Jun, 2000), meaning if a 2-like break does not coincide with an
AP-like tone, this BI of 2 should be marked as ‘2m’. Also, the BI tier can have a
diacritic of ‘- which flags the labeler’s uncertainty of the prosodic break strength. A
BI of ‘2-" therefore is implying that the labeler knows that it is a 2-like break because
of the tones, but perceives a weaker prosodic break. The fact that the uncertainties
are marked on the BI tier, rather than the tonal tier, implies that the tonal pattern
is prioritized over the BI. The preference for the tones and the partial redundancy
of the BI labels could be one of the reasons why the Bls are ‘less emphasized in the

ToBI system’ (Jun, 2022).

1.2.2 Laryngeal contrasts and their phonetic correlates
Next, we move on to the laryngeal contrast of Seoul Korean. There is a substantial

amount of research done on the phonetic difference between these laryngeal categories.
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The review in this section will only focus on how the realization of the laryngeal
contrast may depend on the prosodic structure.

As already mentioned in §1.2.1, Korean has a three-way laryngeal contrast—fortis,
aspirated, and lenis—in bilabial, alveolar, post-alveolar, and velar places of articula-
tion. The post-alveolar categories are affricates and the others are stops. Throughout
the dissertation, I will use ‘obstruents’ to refer to affricates and stops, though techni-
cally obstruents also include fricatives. I exclude fricatives because this dissertation
investigates the lenis and aspirated contrast, but a fricative of lenis category arguably
does not exist in Korean (Chang, 2008) because the non-fortis /s/ can be classified
as aspirated, as it never becomes fully voiced, unlike other lenis categories.

In previous studies, lenis and aspirated obstruents have been investigated exten-
sively due to a sound change involving them (‘the lenis-aspirated VOT merger’), i.e.,
these two categories were previously distinguished by the difference in VOT, but now
are distinguished by the difference in FO (e.g., Silva, 2006; Beckman et al., 2014; Bang
et al., 2018). The FO difference between these two categories is also reflected in the
K-ToBI model reviewed in §1.2.1. The AP starts with an H tone (a higher FO) when
it starts with an aspirated obstruent (or a fortis category) and with an L tone when
it starts with a lenis obstruent. However, the two categories only seem to differ in
FO in the AP initial position because their FO difference is not significant in the AP
medial position (Lee, 2018; Choi et al., 2020). In the AP medial position, lenis and
aspirated obstruents can be differentiated in other ways, since only lenis obstruents,
but not aspirated ones, are voiced in this context.

In AP-initial position, fortis obstruents are realized with a short lag VOT and
an FO value intermediate between lenis and aspirated obstruents, in the AP-initial
position. AP-initially, the vowel following a fortis obstruent is also significantly longer,
compared to AP-medially (Steffman et al., 2022). In AP-medial position, fortis and

lenis obstruents are distinguished based on the degree of reduction because fortis

13



obstruents are always realized with full closure, unlike lenis obstruents in the AP-

medial position.

1.2.3 Four possible contrasts in speech perception of Seoul Korean
Having reviewed the intonational phonology of Seoul Korean and its laryngeal
contrast between lenis and aspirated obstruents, the schematic example mentioned
in §1.1 can be revisited as in Figure 1.2. In this figure, Figure 1.2a and Figure 1.2b
have the same prosodic structure, but not the same segment in the initial position
of the second PW. Figure 1.2a and Figure 1.2¢ have the same segment in the initial

position of the second PW, but they have distinct prosodic structures.

P P P P
AP AP AP AP AP AP
| | | | PN TN
PW PW PW PW PW PW PW PW
NN NN AN
| | | |
Ha L Ha H +H L+ +H L+
| | | |
p-- ph... b... ph...

(a) AP-initial Len. (b) AP-initial Asp. (c¢) AP-medial Len. (d) AP-medial Asp.

Figure 1.2: Four possible contrasts: lenis/aspirated obstruents in the AP-initial /AP-
medial position. Lenis and aspirated obstruents are symbolized with /p/ and /p®/.

The four realizations and contrasts schematized in (1) and (2) can be specified as
in (4) and (5). In this particular example, the first PW is assumed to be disyllabic,
and therefore the first syllable of the second PW bears an L+ tone, if the PW is

AP-medial, as in Figure 1.2c and Figure 1.2d.

(4) Possible realizations of segments in speech production

a. Lenis — [Voiceless, L tone| / AP-initial

b. Aspirated — [Voiceless, H tone] / AP-initial
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c.  Lenis — [Voiced, L+ tone| / AP-medial

d. Aspirated — [Voiceless, L+ tone| / AP-medial

(5) Four possible contrasts in speech perception

a. [Voiceless, L tone] vs. [Voiced, L+ tone]
AP-initial vs. AP-medial when segment is lenis
b. [Voiceless, H tone| vs. [Voiceless, L+ tone]
AP-initial vs. AP-medial when segment is Aspirated
c. |Voiceless, L tone| vs. [Voiceless H tone|
Lenis vs. aspirated when prosodic context is AP-initial
d. [Voiced, L+ tone| vs. [Voiceless, L+ tone]

Lenis vs. aspirated when prosodic context is AP-medial

As reviewed in this section, the prosodic contrast when the segment is lenis obstruent
(Figure 1.2a vs. Figure 1.2c) is acoustically encoded as a difference in the tonal
transition between the second and the third syllables: ‘Ha L’ in Figure 1.2a and ‘+H
L+ in Figure 1.2c. Previously, Lee & Lee (2013) showed that the FO contours for
the two similar sequences of tones, ‘L, Ha L, Ha’ and ‘L +H L+ Ha’, are measurably
different. They investigated 400 utterances from a corpus containing speech by voice
actors, and labeled the utterances using ToBI labels using a semi-automatized method
provided by the Momel program (Hirst, 2007). They compared F0 excursions between
the L and H targets in tetrasyllabic APs and two adjacent disyllabic APs. They
showed that the tonal excursion between the two APs was significantly larger than
the tonal excursion between the second and the third syllables within a tetrasyllabic
AP (p.129). While their ToBI labeling system was not exactly the same as the K-
ToBI model (Jun, 1993), their results can be interpreted as suggesting a phonetic
difference between ‘L. Ha L. Ha’ and ‘L. +H L+ Ha’.

15



Additionally, these two APs in Figure 1.2a and Figure 1.2c¢ also differ in the
realization of the lenis obstruent in the initial position of the second PW (symbolized
as /p/ in Figure 1.2a and Figure 1.2¢). In the former, it is expected to be voiceless
and in the latter, it is expected to be voiced. aspiration.

In the case of the contrast between Figure 1.2c¢ and Figure 1.2d, the expected
acoustic difference is the segmental realization of the initial segment of the second
PW, as a lenis obstruent would be voiced in this prosodic context, where an aspi-
rated obstruent would be voiceless. In terms of FO, they are not expected to differ,
considering previous production experiments (e.g., Lee, 2018; Choi et al., 2020) that
reported the FO difference between laryngeal category types was only significant in
the AP-initial position.

Chapter 4 presents a construction in Korean that exhibits the four-way contrast
schematized in Figure 1.2, which involves a polysemous word in Korean, /kiman/.
/kiman/ is an adverb meaning ‘up to that degree/amount’, but it can mean ‘stop’ or
‘start’, depending on how it is prosodically phrased with the following verb. When it is
phrased in a separate AP from the following verb (as in Figure 1.2a and Figure 1.2b),
it means ‘start’, and when it is prosodically phrased together with the following verb
in the same AP (as in Figure 1.2c and Figure 1.2d), it means ‘stop’. See (6) for an
example sentence with /kiman/ followed by a verb starting with a lenis stop /p/, and
see (7) for an example sentence with /kiman,/ followed by a verb starting with an

aspirated stop /p"/.

(6)  /kiman pul-mjon  tfoh-kes*-ta/

up to that degree/amount blow-COND be good-FUT-DECL

a. Grammatical in a context where a child has been blowing something,
e.g., a balloon, to the extent that the balloon is about to pop (i.e., ‘stop

blowing’)
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b. Grammatical in a context where a child has not been blowing balloons,
though the child has been asked to do so, and the speaker wants to say

that it is about time to blow them (i.e., ‘start blowing’)

The verb following /kiman/ in (7) starting with an aspirated stop /p"/ forms a
minimal pair with the verb in (6). Listeners hearing a sentence with /kiman/ followed
by a verb starting with a lenis or an aspirated obstruent, therefore, can potentially
use prosodic cues to disambiguate both the meaning of the sentence (‘start’ or ‘stop’)
and the lexical identity of the verb, by identifying the verb-initial phoneme (lenis or

aspirated).

(7)  /kiman ptul-mjon  {ffoh-kes*-ta/

up to that degree/amount solve-COND be good-FUT-DECL

a. Grammatical in a context where a child has been solving something, e.g.,
math problems, until very late (i.e., ‘stop solving’)

b. Grammatical in a context where a child has not been solving math prob-
lems, though the child has been asked to do so, and the speaker wants to

say that it is about time to solve them (i.e., ‘start solving’)

For more details about this construction, see Chapter 4.

1.3 Perception of prosodic constituents

Thus far, I have reviewed how prosodic structure is implemented in the acoustic
signal, focusing specifically on the implementation of the prosodic boundaries in Seoul
Korean. In this section, I review the experimental work in the literature that has
investigated how these cues affect speech perception.

[ categorize the experimental work into four kinds: prosodic transcriptions (§1.3.1),
word-spotting experiments (§1.3.2), prosodic disambiguation experiments (§1.3.3),

and post-boundary segment identification experiments (§1.3.4). These experiments
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assume that prosodic boundaries are acoustically implemented and differences in
prosodic structures are reflected in phonetic cues. They test how such cues are per-
ceived and interpreted by listeners, and what the consequences of such interpretations

are, in terms of lexical identification or sentence processing.

1.3.1 Prosodic transcriptions

I start with prosodic transcription, which is arguably the most direct way to
test the role of acoustic cues in the perception of prosodic boundaries. The prosodic
transcription process usually takes place by hiring multiple transcribers who are native
speakers of the language and trained in using the convention (e.g., K-ToBI) and
asking them to perform the transcription. The data collected from the transcribers
are then analyzed in terms of the inter-transcriber agreement. If the agreement rate
is higher than some conventional threshold, then it is deemed appropriate to use
the transcriptions for further analysis. The prosodic structure of the data is then
determined by the collection of transcriptions, and analyzed in terms of its acoustic
properties (e.g., duration, F0, and post-segmental realization). In this very sense, the
prosodic transcriptions are perceptual experiments on their own, testing the reliability
of the acoustic cues in signaling the prosodic boundaries. I will briefly discuss some
of the issues with the prosodic transcription process in this section.

First, prosodic transcription relies on subjective impressions of transcribers, and
two transcription labels may not always be acoustically distinct. The acoustic cues
for some utterances are clearer for the transcribers so they might unanimously agree
on the label, but some may cause disagreements if they are ambiguous. For example,
an AP juncture may be realized with a phrase final Ha tone, but not followed by a
segmental strength that is expected (or vice versa). These cases may be analyzed

post hoc by analyzing the acoustic measurements. However, other than the post hoc
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analysis, it will for instance remain a mystery why the transcribers might label a
prosodic juncture with a BI of 2 rather than 3.

The post hoc analysis is also limited by the assumption that the researcher has
measured the right phonetic properties. It is a common problem in phonetic research
that researchers do not know what to measure to compare two contrastive phonolog-
ical categories. I address this concern in Chapter 2, where I show that the previously
conceived optionality of the prosodic conditioning of lenis obstruent voicing may be
because there are other prosodic properties that are more reliably conditioned by the
prosodic structure, that have been overlooked in previous studies. In other words,
some of the acoustic boundaries where acoustic cues seem to mismatch, might not be
analyzed as a mismatch, depending on how the acoustic cues are parameterized.

To make the grounds for transcriptional choices more transparent, Brugos et al.
(2018) and Brugos et al. (2023) have proposed to explicitly label cues for prosodic
labels. They report that the BI labels sometimes do not have all of the expected
set of cues in the transcription of American English. To use the Seoul Korean AP-
level juncture as an example, this can occur if only the Ha tone is identified but
this syllable is followed by a voiced lenis obstruent contra expectation. This kind
of cue-mismatch is expected to occur in Seoul Korean prosodic transcription due
to the tone-first tendency where the prosodic constituent is defined by the tonal
sequences, and the segmental realization is analyzed as processes that refer to the
tonally-defined constituency. In the case of cue mismatch, i.e. when there is tonal
evidence of boundary but no corresponding segmental realization expected at the
boundary, it is often treated as an exception of the segmental process, where the
segmental process is described as being ‘optional’. However, if the transcribers are
instructed to label the prosodic boundary primarily based on the tonal evidence, it is
evident that the tonal process will not be ‘optional’ by definition. This may not be

what listeners do in a naturalistic setting. For instance, when there is tonal evidence
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of an AP juncture followed by a voiced lenis obstruent (which contradicts the tonal
evidence), it remains to be tested whether listeners process the signal as implementing
an AP-level boundary or not, or how listeners might process such signal.

Moreover, once we get the categorical labels from the transcribers, we immediately
lose the information about how much such categorical labels are supported by the
actual data. However, in reality, the acoustic signal might only probabilistically
indicate one label versus another.

Finally, the transcribers might have a strong bias coming from non-acoustic struc-
tures in the signal. This stems from two facts: first, they tend to be native speakers
of the language, and second, they tend to work with orthographically transcribed
utterances that are visually provided to them. In other words, reading the sentences,
they might already have parsed the sentences syntactically, which would likely affect
them so that they would find acoustic evidence for the boundaries that they expect
to find based on the syntactic parse (Buxé-Lugo & Watson, 2016). Note that this is
contrary to the proposal that the prosodic structure is independent of the syntactic
structure (Selkirk, 1984; Nespor & Vogel, 1986) and that it is the prosodic boundaries
that are acoustically implemented. It is known that listeners have expectations for
upcoming syntactic structures before those words become available to them, and this
might work as a Bayesian prior for the perception of prosodic boundaries (Buxé-Lugo
& Watson, 2016).

To summarize, the prosodic transcription process is first ‘mysterious’ in the sense
that we only know post hoc why a signal is labeled as such by measuring the phonetic
properties. This is limited by our assumption of the phonetic properties that are ma-
nipulated in implementing the prosodic structure. Certain transcription conventions
may prefer to use one phonetic property (tonal cues) over others (post-boundary
segmental realization), which may not reflect what the listeners do in naturalistic

settings, and potentially lead to undermining the other cues as being reliable or infor-
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mative. The categorical labels also often miss the gradience or uncertainty involved
in the perception of prosodic structures. Finally, the transcribers are heavily influ-
enced by the other structures in the signal, and therefore their judgments cannot be
said to be true reflections of what the phonetic properties do in the perception of the
prosodic structure.

The Rapid Prosodic Transcription (RPT) experiment approach (Cole et al., 2010)
addresses some of these concerns. In an RPT experiment, instead of prosodic tran-
scribers who are trained in a particular transcription system, naive listeners par-
ticipate in making the judgment of the prosodic structure. The listeners are asked
to mark the prominent word and the boundaries between words. The judgments
from multiple listeners are aggregated such that words are assigned a ‘p-score’ for
prominence and a ‘b-score’ for the boundary, which are the proportions of the times
that the participants chose the word as having a prominent or preceding a boundary.
This approach addresses the concerns I've raised in that the labelers do not have a
pre-imposed bias for prioritizing the tonal cues over the segmental cues in making
the prosodic transcriptions, and the gradience in the signal can be captured by the
transcription (p/b-scores).

However, it still does not directly model what the listener does in auditory sentence
processing. The participants, though naive in prosodic transcriptions, but skilled
in the language itself, would still be affected by the syntactic and semantic knowl-
edge. Therefore their transcriptions may not be strictly modeling the salient ‘acoustic’
boundaries of the utterances. In most settings, participants are also given written
transcriptions of the spoken materials. This would likely bias their perception of
the boundary since most participants would know the orthographic rules involving

punctuation marks.
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1.3.2 Word-spotting experiments

Next, I will review previous work on the listener’s use of acoustic cues in word-
spotting experiments. In these experiments, listeners are auditorily presented with
sequences of syllables, and they are asked to make a response when they hear the
target word. The target sequence that is meant to exhibit the prosodic structure of
interest is either phonetically modified or spliced from a different utterance where the
target sequence is produced in the desired prosodic position.

Christophe et al. (2004) conducted a series of lexical access experiments showing
that listeners make use of prosodic boundary information in resolving local /temporary
ambiguities in a sequence such as chat grincheux (lit. ‘cat grumpy’), which might be
temporarily ambiguous with chagrin (‘sorrow’). In their lexical access experiments,
participants were slower in reacting to the first word of the sequence (‘chat’) when
there was a possibility that the first word might form another word (e.g., ‘chagrin’)
with the following word, compared to when there was no such possibility (e.g., ‘chat
drogué’). This delay disappeared when ‘chat’ was realized in a phonological phrase-
final position.

Similarly, Salverda et al. (2003) found listeners look longer at ‘cap’ and ‘ham’
when listening to ‘captain’ and ‘hamster’ in which their first syllable is replaced by
‘cap” and ‘ham’ spoken in isolation. In both experiments, when the target syllable
(‘chat’ or ‘cap’/‘ham’) was produced with a longer duration (either produced in the
phrase-final position or in isolation), it activated the lexical item and deactivated the
alternatives. This was measured as a faster response time to the first word (‘chat’)
in Christophe et al. (2004) and a longer fixation time on the first word (‘cap’/‘ham’)
in Salverda et al. (2003).

Christophe et al. (2004) found that the phrase-final realization exhibited pre-
boundary lengthening and a different pitch pattern (falling, as opposed to phrase-

medial rising). One way to interpret their result is that the lexical search was modu-
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lated by the prosodic boundary, implemented with lengthened duration and a falling
pitch in their experiment, such that in the lexical competition process, the word
straddling such a strong phrase-level boundary would not be activated (i.e. ‘chatgrin’
would not be compatible with the acoustic signal that is compatible with ‘chat #
grin’ with a strong prosodic boundary).

Using the same logic, subsequent work has tested the role of other acoustic cues
in implementing the prosodic structure and therefore in word-spotting tasks. For
instance, Cho et al. (2007) tested the role of Domain-initial strengthening in lexical
activation and Kim and collaborators tested the role of tonal sequences (2004, 2009,
2012).

Cho et al. (2007) conducted cross-modal identity-priming experiments to test the
role of segmental strength in spoken-word recognition. Listeners heard sentences
containing two-word sequences containing temporary lexical ambiguities (e.g., ‘bus
tickets’ temporarily ambiguous with ‘bust’). When the second word-initial syllable
was spliced in from an Intonational Phrase initial position, i.e. the first segment
was realized as stronger, listeners were faster in making the lexical decision to the
written letters ‘bus’ upon hearing ‘bus’ (their Experiment 2), compared to when the
segment was spliced in from a word-initial (and IP-medial) position, i.e. the first
segment of the second word was not as strong. The authors argued that the strong
articulation of the initial segment of the second word (/t/) created a percept of a large
prosodic boundary, such that the listener was not able to consider the word ‘bust’ as
a competitor for ‘bus’. In other words, when the /t/ was spliced from the IP-initial
position, the acoustic signal was likely interpreted as ‘bus|[t’, which was incompatible
with a word like ‘bust’. In the absence of strong competitors like /bust/, the lexical
activation of ‘bus’ might be facilitated, resulting in a faster reaction time in the lexical

decision task.
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Following Cho et al. (2007), SH Kim and her collaborators have conducted a
series of experiments that tested Korean listeners’ use of tonal cues in various word
segmentation experiments. Kim & Cho (2009) tested in their first experiment whether
listeners pay more attention to the initial rise (#LH) or to the fall across the boundary
(H#L) in identifying an attested word from a sequence of syllables surrounding the
target word (e.g., /pa.mo.co.mu.ke.no.se/, where /mu.ke/ is the attested target word
‘weight’). The strings of syllables were obtained from a natural production of the
syllables, where there would not be any additional pre-boundary lengthening cue.
The pitch of the syllables was manipulated in Praat. Participants were asked to spot
an attested word in Korean, and as soon as they found it, they were asked to press a
button and recite the word they found.

They were interested in investigating what the tonal cues are for the prosodic
boundary. Kim (2004) found from a K-ToBI transcribed corpus that 88% of the
transcribed APs ended with a ‘Ha’ tone, and 85% of the APs that did not start with
an Aspirated/Tense consonant started with an ‘L’ tone followed by a ‘+H’ tone. Put
differently, there were two possible tonal transitions that listeners might be sensitive
to: the fact that a tonal fall (Ha]|L) frequently signals an end of a phrase or the
fact that a tonal rise (L +H) frequently starts a phrase. Their key finding from the
first experiment was that participants were more accurate in spotting the attested
words when the pre-boundary tone was an ‘H’ and when the target word’s initial tone
was an ‘L. Crucially, they found that as long as the pre-boundary tone was an ‘H’
and the target word’s initial tone was an ‘L’, there was no difference between what
followed the target word’s initial tone (i.e. the second tone in the AP), though at least
numerically the trend was that participants were better at spotting a real word when
the tonal transition was ‘H#LH’, meaning that the participants were most sensitive

to the tonal transition across a boundary (i.e. Ha|[L).
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From this result, the authors claimed that a tonal fall from a phrase-final ‘H’ tone
to a phrase-initial ‘L’ was what the listeners paid attention to in their lexical word
spotting task. Their results are interesting because if listeners were simply paying
attention to how the pitch changed, perhaps they would be good at spotting the word
bearing ‘HH’ tones when the preceding and the following syllables all had ‘L’ tones
(e.g., LLL#HH#LL). On the contrary, their results suggest that participants in their
experiment were sensitive to the fact that the ‘H’ tone was not allowed as an initial
tone of a word that did not start with a fortis or aspirated segment. The tone following
the initial ‘L” did not matter because once the fall from H to L signaled a boundary,
the lexical search would be initiated and there was no need to prosodically mark the
end of the word (e.g. with another H), because the stimuli in their experiment did
not have any cases with a longer word containing a shorter word causing a temporary
ambiguity (e.g., ‘cap’ in ‘captain’).

In their second experiment, they tested the tonal transition cue in Seoul Korean
along with the presence or absence of a final lengthening (the syllable bearing the
pre-boundary tone). The task in their perception experiment was the same as their
first experiment. In their stimuli, syllables either had a L(ow) or a H(igh) tone, and
had short or long duration, which were fixed values. Word initial consonants were
spliced from the AP-medial position, and they were lenis or nasal stops, which are
L-tone inducing segments (Jun, 1993). They measured mean error rate for identifying
the target word correctly within 1500 ms to quantify how much word spotting was
facilitated in each condition.

Here I review the results for four of their stimuli conditions in Kim & Cho (2009)’s
second experiment. The four conditions are summarized in Table 1.3. They varied the
tone and duration of the syllable preceding the target word (o¢): L vs. H and Short
vs. Long, resulting in four conditions. They found that pre-boundary lengthening

facilitated word spotting (Condition A < Condition B), but not when the word to
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Cues 0o # o1 [P Interpretation
Condition A: No Lengthening + LLH

Duration Short Short Short

FO L L H g 0] PW [O’ 102

Segment - AP-medial - ool pwlo109
Condition B: Lengthening + LLH

Duration Long Short Short  og|rp|o109

FO L L H

Segment - AP-medial - ool pw o109
Condition C: Lengthening + HLH

Duration Long Short Short  og|rp|o10e

FO H L H

Segment - AP-medial - ool pwlo109
Condition D: No lengthening + HLH

Duration Short Short Short

FO H L H oolap|o10g

Segment - AP-medial - ool pw o109

Table 1.3: Stimuli in Kim & Cho (2009). Word spotting was facilitated in the order
of A < B = C < D, where ‘X < Y’ indicates that word spotting was facilitated more
in Condition Y than Condition X.

be spotted had the tone ‘L. H” and the preceding syllable had an H tone (Condition
C < Condition D). Word spotting was similarly facilitated in the two pre-boundary
lengthened conditions (Condition A < Condition B = Condition C).

Below, I will walk through each of their conditions and explain how listeners
might interpret the acoustic signal. They argued that ‘when the computed prosodic
boundary based on suprasegmental information is matched with prosodically-driven
segmental information for that boundary, lexical segmentation is facilitated, whereas
a mismatch between them is predicted to hinder lexical segmentation’ (Kim & Cho,
2009, 3383). They suggested that different segmentation cues in the acoustic signal
may be evaluated with differnt weights. Their results are interpretable if we assume
that a long syllable is always decoded as an IP boundary, and in the absence of a
long syllable, an HL. sequence is always decoded as an AP boundary.

To start with Condition A, the short duration was decoded as signaling that there

was no IP boundary, but both AP and PW boundaries were possible, since AP-final
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syllables are argued to exhibit no final lengthening (Jun, 1993). In Table 1.3, this is
demonstrated by an empty cell in the ‘Interpretation’ column, for the ‘Duration’ row.
Next, the FO sequence is interpreted to signal no AP boundary because the sequence
is L#L. In their first experiment, which varied the tonal sequences without varying
pre-boundary lengthening, Kim & Cho (2009) found that the tonal sequence ‘L#L’
did not provide a strong lexical segmentation cue compared to ‘H#L’. This finding
was supported by the fact that APs often end with an Ha tone rather than an La tone
Kim (2004). Finally, the segmental realization of the onset of the target word was
from an AP-medial PW-initial syllable. The resulting phonological representation
would be a PW boundary before the target word. This explains why Condition A
was the condition where word spotting was the least facilitated, meaning the mean
error rate for spotting the attested word was the highest.

In Condition B and C, the long duration was decoded as signaling an IP boundary.
The L/H tones on the preboundary syllable were likely decoded as boundary tones
since both L% and H% are attested boundary tones in Seoul Korean. As the prosodic
boundary in these two conditions was larger than the one in Condition A, word
spotting was more facilitated in these two conditions. However, as the segmental
realization of the onset of the target word (onset of o7) mismatches with the computed
phonological representation (o¢|rp[0102) because the onset was spliced from an AP-
medial position. Due to this mismatch, word-spotting was hindered in comparison to
Condition D.

Finally, in Condition D, the short duration was decoded as signaling an absence
of an IP boundary. The tonal sequence H#LH was decoded as signaling an AP
boundary. Word spotting was the most facilitated in this condition, despite the
fact that this AP boundary likely mismatched with the AP-medial realization of the
onset of the target word. Kim & Cho (2009) argued that this was because segments

could sometimes be realized without AP-initial strengthening (i.e., voiced lenis stop
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in AP-initial position) (Jun, 1993; Cho & Keating, 2001). However, it remains to be
tested how listeners would perform when the segment was spliced from an AP-initial
position, and therefore there was absolutely no mismatch. If AP-initial voicing was
truly tolerated without a processing cost, as if there was no mismatch, there would be
no difference in listeners’ performance between two realizations of lenis stops. All in
all, their result suggested that the mismatch of an AP boundary and an AP-medial
segment realization was evaluated as introducing less hindrance to word spotting
compared to the mismatch of an IP boundary and an AP-medial segment realization.

In addition to these four conditions, they also tested conditions where the initial
tone of the target word was ‘H’ (not in Table 1.3). Recall that the onset of the target
word was always a lenis or nasal stop, which are L tone inducing segments, and did
not mismatch with the phonemic category of the onset of target word. Word spotting
was hindered to a greater degree when the post-boundary tone mismatched with the
expected ‘L tone. This mismatch was evaluated by listeners as being more critical
than a more minor mismatch like AP-medial realization in the IP-initial position
(Condition B, C).

Hypothetically, the relevant acoustic cues might simply accumulate to cause a
perception of a boundary of some size, rather than signal prosodic representations
compatible with the cues. For instance, if we hypothesize that the pre-boundary
lengthening is equivalent in creating a percept of a prosodic boundary of some size,
arbitrarily quantifiable as ‘2’ and the tonal fall as ‘1’, and finally the weak segmental
size as ‘0’. We might also hypothesize that the word spotting performance is better
when the boundary size is greater. When the tonal transition is something else, the
participants were faster in the condition with the lengthened pre-boundary syllable,
suggesting that the lengthening increases the boundary size, and therefore improves

the word-spotting performance.
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Under this hypothesis, however, the ‘lengthening & H||LH’ condition (Condition
C) would yield a prosodic boundary size of 3 (241+40), and the ‘no lengthening &
H||LH’ (Condition D) would yield a prosodic boundary of 1 (0+1+40). The fact
that the participants were better in the latter condition suggests that the segmental
information does not simply add to the boundary size, but needs to be interpreted
based on the ‘currently being considered’ prosodic structure, which is computed with
the durational and tonal cues. Kim and Cho write ‘|(w|hen the computed prosodic
boundary based on suprasegmental information is matched with prosodically-driven
segmental information for that boundary, lexical segmentation is facilitated, whereas
a mismatch between them is predicted to hinder lexical segmentation’ (Kim & Cho,
2009, 3383).

However, this seems to conflict with the results of (Cho et al., 2007) since in their
stimuli, the IP-initial /t/ would have also caused a mismatch with the syllables that
are not pre-boundary lengthened. Therefore, it seems that how phonetic cues are
integrated and interpreted given other cues in online speech processing needs further
research. It is possible that a lengthened syllable is necessarily interpreted as an IP
boundary whereas a non-lengthened syllable duration may be re-interpreted as an IP
boundary once the segmental strength information becomes available.

In subsequent work, Kim et al. (2012) tested whether this tonal transition pat-
tern of phrase-final H tone falling to a phrase-initial L was universally salient, or if
it was something that Korean listeners were particularly sensitive to. They showed
that while Korean listeners used the final FO cue in their first exposure to learn-
ing Artificial language, Dutch listeners did not use the same cue. Interestingly, in
their experiments, unlike the tonal transition, the pre-boundary lengthening cue was
utilized by both Korean and Dutch speakers at the first exposure, adding further
support to the hypothesis that the pre-boundary lengthening might be universally

salient. Their results show that some acoustic cues for prosodic boundaries are uni-
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versal (i.e., pre-boundary lengthening) while others need to be learned (i.e., the tonal
fall).

Finally, Tremblay et al. (2019) showed that in an artificial language learning ex-
periment, when the phrase-initial ‘L’ tone was manipulated such that it was not as
canonically low, the participants’ segmentation performance improved when the slope
of the fall was steeper in word segmentation. Their results highlighted an important
aspect of what listeners are doing that is quite different from the lab-controlled stimuli
they were tested on in these experiments. In these experiments, the syllables either
had an ‘L’ or ‘H’ tones, where the FO values were fixed across stimuli. On the con-
trary, in actual speech, interpreting a given F0 value as a realization of a phonological
‘L’ or ‘H’ requires a complicated computation of what the speaker’s range of FO might
be, what the global FO declination is, and so on.

To summarize, the experiments I have reviewed here share the fact that they
tested phonetic properties that cause a perception of prosodic boundary, and they
have shown that word segmentation or spotting in online speech perception is either
facilitated or inhibited by the perceived prosodic structure. In particular, listeners
seem to compute the prosodic structure for the utterance using the acoustic cues
and use the prosodic structure to either boost or penalize competitors in the lexical
activation process. Some of these cues need to be learned from the native language,
while others seem to be universal. How segmental cues are interpreted based on

suprasegmental cues (tone and duration) is yet to be investigated.

1.3.3 Prosodic disambiguation experiments

Another popular type of experiment that is used to show the role of phonetic cues
in prosodic boundary perception is what I call ‘prosodic disambiguation of syntactic
ambiguity’ experiments (or ‘prosodic disambiguation experiments’ for short). In these

experiments, the listeners are given a pair of sentences that are identical in string
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but can be prosodically disambiguated, for instance as in the difference in meaning
between ‘[Aaron and Bill], or [Charlie]” and ‘|Aaron]|, and [Bill or Charlie]’.

In this section, I focus on the experiments that test the role of segmental realization
in causing the prosodic boundary perception.

Scott & Cutler (1984) showed that American English listeners who produce a
/r/ across a word boundary in their production, can use this in parsing ambiguous
sentences such as ‘the day (that) we met Ann, (the day) was beautiful’ (vs. the
day we met, Ann was beautiful’). They found that listeners pay attention to the
segmental realization, in particular, even in the potential presence of other prosodic
cues to suggest an alternative prosodic structure. Listeners were more likely to assume
‘beautiful’ modified ‘the day’, rather than ‘Ann’ when the /t/ at the end of ‘met’ was
produced as a flap. Their results suggest that a segmental realization that signals an
absence of a prosodic boundary can potentially be a strong enough cue that can revert
other prosodic cues for the presence of a prosodic boundary, such as pre-boundary
lengthening.

More recently, Mitterer et al. (2021) investigated the role of the glottal stop in
Maltese in parsing sentences where a conjunction word (/u/ ‘and’) was ambiguous
between early and late closure: Nounl or Noun2 and Noun3 ambiguous between
‘(Nounl) or (Noun2 and Noun3)’ (early closure) and ‘(Nounl or Noun2) and (Noun3)’
(late closure).

Mitterer et al. (2021) manipulated two factors in their stimuli: the duration of
Nounl/Noun2 and the presence or absence of a glottal stop before the word /u/ (/u/
or ?u). Lengthening of Nounl and an absence of a glottal stop would increase the
likelihood of the early closure reading, while lengthening of Noun2 and the presence of
a glottal stop would increase the likelihood of the late closure reading. Their results
indicated that the glottal stop insertion always increased the likelihood of the late

closure reading, and there was a smaller effect, in the predicted direction, of manip-
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ulating the duration of Nounl/Noun2. To make sure the effect of glottalization was
robust, in their second experiment, they reversed the location of the conjunction word:
‘(Nounl) and (Noun2 or Noun3)’ and ‘(Nounl and Noun2) or (Noun3)’, because, in
the first experiment, the glottal stop insertion reinforced the late closure reading,
which was hypothesized to be more preferred (Frazier & Rayner, 1982). They also
exaggerated the pre-boundary lengthening manipulation in their second experiment,
as their previous duration manipulation did not strongly affect the listeners in their
first experiment. Their results showed that there were significant effects of duration
and glottalization, but no interaction of the two. From their results, the authors
argued that the prosodic structure was phonetically realized by the glottalization,
which was argued to be segmental, rather than suprasegmental, since the glottal stop
is a phoneme in Maltese. Maltese listeners seemed to process the phonetic signal
of glottalization (which was inserted by lowering FO and amplitude) as indicating a
prosodic juncture, rather than as evidence that there was a glottal stop-initial word.

While the phonetic signal of glottalization is processed as evidence of a prosodic
juncture, it does not seem to completely override the durational cue. For exam-
ple, in Experiment 1, when Nounl was lengthened and there was a glottal insertion
on /u/ (‘and’), the prosodic cues conflicted with each other: the duration cue sug-
gested the parsing ‘(Nounl) or (Noun2 and Noun3) (i.e. early closure)’, whereas the
glottalization cue suggested the parsing ‘(Nounl or Noun2) and (Noun3) (i.e. late
closure)’. Comparing this with the stimuli where there was no glottal insertion on
/u/, it wasn’t the case that the absence of a glottal insertion completely made the par-
ticipants choose the early closure reading; it only slightly decreased the proportion of
choosing the late closure reading. A similar pattern emerged in Experiment 2. Again
it wasn’t the case that the participants chose the early closure reading completely in

the case of glottal insertion, reverting the duration cue, but it only decreased the pro-
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portion of choosing the late closure reading, compared to the stimuli with no glottal
insertion.

Put differently, these results suggest that the segmental realization that mis-
matches the prosodic structure that listeners construct based on other phonetic cues
can assign some penalty to the prosodic structure, such that an alternative prosodic
structure(s) that is viable gets a boost in the activation, relative to the one that
otherwise matches with the other phonetic cues. This is in line with the discussion
of Kim & Cho (2009)’s results in §1.3.2.

For instance, in Experiment 2, participants would consider the two possible parses:
early vs. late closure, even before hearing the stimuli ‘Nounl ?u Noun2 or Noun3’, as
they were instructed that the sentence they would hear could be interpreted in two
ways. This prior awareness of syntactic ambiguity seems to be a common practice
in prosodic disambiguation experiments. Among the two candidates, as mentioned,
perhaps the listeners have a higher prior weight on the late closure reading than the
early closure reading. Once they hear the glottal insertion on /?u/, they might first
consider whether this was a lexical or an epenthetic glottal stop, but given that they
knew what words they would hear, maybe they would skip this stage and just process
it as an epenthetic one, suggesting a prosodic break. In this case, they might assign
a penalty for the late closure candidate. However, as they hear the lengthening on
Noun2, either the late closure candidate gets a reward, or the early closure candidate
gets a critical amount of penalty. Notice that when they hear the stimuli without the
glottal insertion, there won’t be any initial penalty for the late closure candidate, and
therefore the total probability for the late closure candidate would be higher than
when there was a glottal insertion.

In Seoul Korean, previous work has shown that the acoustic realization of lenis
obstruents in different prosodic positions can affect the prosodic parsing decisions.

Yoo (2020) tested the prosodic parsing of string identical sentences involving ambigu-
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ity due to the silent case marker. In Korean, both the nominative (/ka/) and genitive
morpheme (/e/) can be omitted, and therefore /om.ma/ (‘Mom’) is compatible with
both ‘Mom-NOM’ and ‘Mom-GEN’. While the noun after a genitive suffix tends to be
phrased together with the possessor (e.g., mom), the noun after a nominative suffix
tends to start a new AP. If this noun starts with a lenis obstruent, then that obstruent
will be realized differently depending on the syntactic parse: voiceless if AP-initial,
therefore nominative parsing, and voiced if AP-medial, therefore genitive parsing.
Yoo showed a voiced realization of a lenis obstruent, which was cross-spliced from
the AP-medial position (i.e. Genetive) into the AP-initial position (i.e. Nominative),
increases the likelihood of the genitive reading. However, crucially, Yoo used stimuli
that are artificially monotonized. Put differently, when there is no other acoustic
information, the segmental realization seems to affect the syntactic parsing decision
by providing evidence for the prosodic structure.

Yun & Lee (2022) tested how listeners disambiguated a syntactically ambiguous
question in Korean. While they did not directly test the role of segmental realization
in prosodic disambiguation, they argued that their results were interpretable if they
assumed listeners were sensitive to how segmental realization was conditioned on
prosodic structure.

Since WH-words in Korean are homophonous with indefinite pronouns (e.g., who
and anyone), a WH-word followed by a verb may be ambiguous between a WH ques-
tion and a Yes-No question (Yu Cho, 1990). Jun & Oh (1996) argued that the two
question types differed in prosodic phrasing of the WH-word and the subsequent verb,
though they also differed in the boundary tone type: ‘H%’ for Yes-No and ‘LH%’ for
WH. In a Yes-No question, the WH-word and the verb are accentual phrased sepa-
rately, whereas in a WH question, they are accentual phrased together.

Yun & Lee (2022) predicted that the two question types may be similar to each

other in terms of FO when the WH-word is disyllabic and the subsequent verb is
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disyllabic as well, since two disyllabic APs and a single tetrasyllabic AP have similar
tonal targets: L. Ha L Ha vs. L +H L+ Ha. As verb-final syllables in both question
types are sentence-final, those syllables carry the IP-final boundary tones, which
override the AP-final ‘Ha’. They tested their predictions in a production study,
which replicated that the most frequent boundary tone for a Yes-No question is ‘H%’,
while ‘LH%’ is most common for a WH question. In addition, their novel finding was
that in a WH question, the penultimate L.+ tone was not realized. The typical tonal
contours for the sequence of disyllabic WH word followed by a disyllabic verb in their
production experiment were therefore: L Ha L H% for Yes-No question and L +H ...

LH% for a WH question, as in Table 1.4.

Question Type | WH-word Verb
Yes-No | L Ha L H%
WH | L +H ... LH%

Table 1.4: Typical tonal sequences for two question types reported in Yun & Lee
(2022)

Yun & Lee (2022) tested how listeners used the FO patterns in prosodic disam-
biguation in a perception study. They parameterized the FO contours of the two
question types as linear interpolation between targets. In particular, they tested
three parts of the FO contours: FO height of the H target on the second syllable of
the WH-word, presence or absence of the L target on the penultimate syllable, and
the boundary tone type on the last syllable. They created 8 FO contours with an
original utterance produced as a WH question by varying three binary factors, and
created 8 counterparts with an original utterance produced as a Yes-No question.
They summarized their findings as follows: (i) the boundary tone type affected the
interpretation of questions, (ii) the absence of the post-WH L tone decreased the
chance of interpreting Yes-No question as a Yes-No question, while the presence of
the post-WH L tone did not decrease the chance of interpreting WH question as a

WH question, and finally (iii) changing the FO height of the H target on the second
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syllable did not affect the interpretation, when it was not combined with other factors
like the boundary tone type.

Yun & Lee (2022)’s second finding is directly relevant for the current discussion,
as it suggests a role for segmental realization in decoding the acoustic signal into
prosodic structure. Deleting the post-WH L tone from a Yes-No question created
an FO contour that signalled an absence of an AP boundary before the verb, while
the verb-initial segment remained to signal a presence of an AP boundary. In this
condition, listeners were more likely to process the stimuli as a WH question, where
there is no AP boundary before the verb.

On the other hand, inserting the post-WH L tone to a WH question created
an FO contour that conveyed a presence of an AP boundary before the verb, while
the verb-initial segment signalled an absence of an AP boundary. In this condition,
listeners were not affected by the FO manipulation and interpreted the stimuli as a
WH question, where there is no AP boundary before the verb.

Yun & Lee (2022) argued that the reason for the asymmetry between the role of
the post-WH L tone might be due to an asymmetry in how listeners interpreted the
verb-initial segment in the prosodic context. Since the segments were not manipulated
in their stimuli, a Yes-No question audio had an AP-initial realization of verb-initial
consonant, while a WH question audio had an AP-medial realization of verb-initial
consonant. In their experiment, verbs always started with either a nasal or a lenis
alveolar stop, both of which have AP-conditioned acoustic realization: denasalized vs.
nasal and voiceless vs. lenited. They argued that their results indicate that AP-initial
realization of consonants does not necessarily create the percept of an AP boundary,
in the absence of an accompanying FO cue (i.e., deleting L tone in an Yes-No question)
while AP-medial realization of consonants may always create a percept of an absence
of an AP boundary, even in the presence of an accompanying FO cue (i.e., inserting L

tone in an WH question). They further argued that this was expected given that lenis

36



obstruents can optionally remain voiceless in the AP-medial position, while ‘voicing
in the AP-initial position is strictly prohibited in Korean’ (p. 42).

These experiments all suggest that the segmental realization has an important role,
either directly in building the prosodic structure or evaluating the multiple prosodic
structures that are being considered, in online speech perception. Again, it remains
to be investigated how exactly the segmental realization gets integrated into speech
perception, how the prosodic structures are built, what kinds of structures can be
considered in parallel in online processing, and how the prosodic structures map onto

higher-order linguistic structures (e.g., syntactic parses).

1.3.4 Post-boundary segment identification experiments

So far, I've discussed the role of segmental realization in the perception of prosodic
boundary, which modulates the lexical activation (§1.3.2) and the disambiguation of
ambiguous syntactic structures (§1.3.3). In this section, I review yet another type of
experiments, which tests the perceptual role of the prosodic boundary on the identi-
fication of the segment that follows the prosodic boundary. I will review two kinds
of experiments which I will call the ‘contrast-shift’ experiment (Kim & Cho, 2013;
Steffman, 2019; Steffman et al., 2022) and the ‘phonological inferencing’ experiment
(Kuzla et al., 2010; Kim et al., 2018).

First, in the contrast-shift experiments, the participants were presented with a
segment (e.g., a stop) manipulated along some phonetic dimension (e.g., VOT) and
asked to make a phoneme category judgment, and the context before the segment is
manipulated such that in one condition it signals a prosodic break larger than a word
boundary (IP in (Kim & Cho, 2013), or AP in (Steffman et al., 2022)) while in another
it does not. The participants showed a significant shift in their perceptual boundary
depending on what phonetic values the preceding context had. The results suggest

that the phonetic properties before the segment was interpreted by the listeners as
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signaling prosodic boundaries, and the listeners used such information in identifying
the post-boundary segment.

For instance, Kim & Cho (2013) showed that when an English stop from a /p/-/b/
continuum varying on VOT was preceded by a lengthened syllable, English listeners
required a longer VOT to categorize the stop as a /p/. Their stimuli were ‘let’s hear
‘p/bah’ again’ where the word ‘hear’ was lengthened or not. They argue their results
suggest that when listeners hear a lengthened ‘hear’, they parse the temporal cue
as signaling an IP boundary, after which the aspirated stop /p/ is produced with a
longer VOT in production. This would lead the listeners to expect a /p/ with a longer
VOT, as they expect domain-initial strengthening, and consequently, they shift their
perceptual boundary in the categorization task.

Steffman (2019) showed in two experiments also in English that listeners compute
the speech rate differently, depending on their interpretation of the prosodic structure.
Steffman’s stimulus design was similar to the one in Kim & Cho (2013), except he
varied two conditions on the word before the ambiguous stop (/p/-/b/) varying on
VOT: the duration and the boundary tone. Steffman observed that when the word
was short and had a boundary tone (‘L-H%’), the listeners required ‘shorter’ not
‘longer’ VOT for a /p/. The logic used in interpreting the results is as follows. When
listeners hear the boundary tone, they hypothesize that it is an IP boundary, after
which they would require a longer VOT for a /p/. However, they also hear the word
bearing the boundary as short, when they expect the word to be lengthened via
pre-boundary lengthening. The listeners then assume the speaker has spoken at a
faster speech rate. Therefore, it further modulates how the post-boundary segment
is categorized. In other words, when the phonetic properties of the pre-boundary
syllable conflict each other, since a boundary tone signals a boundary and a short
duration does not, listeners find a way to resolve the conflict, by interpreting the

short duration as speeding up the speech rate. On the contrary, Steffman did not
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observe the opposite effect where the long syllable with a ‘flat’ boundary tone was
perceived as a local slow down, independent of the prosodic structure, because the
‘flat” boundary tone was a viable pitch movement as a boundary tone when it was
produced with a long syllable.

The results are interesting in two ways. First, when there is a pitch movement on a
single syllable, it always suggests a prosodic boundary, such that no other information
(a relatively short syllable) can revert the computation. Instead, the duration of the
syllable is processed based on the expectation that it should be lengthened. Second,
a longer syllable is always indicative of a prosodic boundary, but the lack of a pitch
movement cannot always signal an absence of a boundary, since it may be perceived
as a ‘flat’ boundary tone.

Steffman provided further support for this speech-rate normalization account in
the second experiment, which showed that the participants required a shorter duration
of the vowel to judge an ambiguous stop (/t/-/d/) as a /d/ in the word ‘coat/d’ when
the preceding word ‘say’ was shorter but had a boundary tone. In other words,
when the pre-boundary word had a boundary tone but a shorter duration, listeners
perceived it as a boundary produced at a fast speech rate and considered a shorter
duration of the vowel before the ‘t/d’ coda sufficient for suggesting a cue for a voiced
coda. This result supports the analysis that the boundary tone causes a speech
rate normalization, rather than simply affecting the processing of the post-boundary
segment. The vowel duration information becomes available after the onset (/k/ of
‘coat/d’) and the segment the listeners are asked to identify follows this vowel.

Following up on this work, Steffman et al. (2022) tested if a pitch variation alone
(with no lengthening) could signal a boundary percept in Seoul Korean such that
the post-boundary segment categorization could be modulated. This is because the
AP boundary is argued to be implemented as a tonal transition but not with a pre-

boundary lengthening (Jun, 1993, 2000). They tested the perception of an ambiguous
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stop between fortis and aspirated categories based on the F0O of the preceding syllable.
When the preceding syllable had a higher FO, which indicated an AP boundary,
listeners required a longer vowel duration to perceive a token as a fortis, because the
vowel duration lengthens after a fortis stop in an AP-initial position compared to an
AP-medial position.

Steffman’s experiments showed that listeners shift their expectation of the segmen-
tal realization, based on the prior information they get about the prosodic structure
and the speech rate at which the segment is realized. If the prior information suggests
that the next segment will be spoken in a phrase-initial position, they would expect
the segmental realization to have the acoustic characteristics that the segment tends
to have in that position. These results seem to suggest that the listeners compute the
prosodic structure and the speech rate based on the cues available to them, which
they use to process the upcoming cues to make the segmental identification decision.

The second kind of experiment, the ‘phonological inferencing’ experiment (e.g.,
Kim et al. (2018)) can also be interpreted from this perspective. In these experi-
ments, it was shown that the prosodic break (either produced naturally or imposed
experimentally by manipulating the phonetic properties) can block the phonological
inferencing process, which is ‘undoing’ a phonological process when there is a viable
lexical competitor. For instance, in Korean, lenis obstruents are tensified (become
fortis obstruents) when they follow an obstruent coda. This process is shown to be
conditioned by the AP (Jun, 1993) such that when there is an AP boundary between
the coda and the lenis obstruent, the lenis obstruent is not tensified.

Kim et al. (2018) showed that when there is no evidence of AP boundary between
the coda and the lenis obstruent, participants gave significantly more looks to the
lenis target, ‘undoing’ the tensification, compared to a distractor. However, they
only did this when there was no lexical competitor with the fortis obstruent onset.

Additionally, they demonstrated that when there was an FO cue before the target
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word that signaled an AP-break, this phonological inferencing effect disappeared,
which suggested that the participants did not consider a token that sounds like a
fortis to be an instance of an underlying lenis obstruent token that was tensified,
once they perceived the AP boundary, which blocks the tensification process.

The experiments showed that when the phonetic properties are manipulated to
cause a percept of prosodic boundary, listeners seem to update their expectation of the
phonetic values of the following segment, based on their computation of the prosodic

representation.

1.3.5 Interim summary

This chapter started by explaining that when speakers produce an utterance,
it is pronounced in ‘chunks’ which we call prosodic constituents, and marked with
boundaries of the constituents with various acoustic cues, such as duration of the
pre-boundary syllable, pitch contour near the boundary, and realization of the post-
boundary segment.

I reviewed that in Seoul Korean, the combinations of these acoustic cues signal
different types of boundaries, and the segmental and suprasegmental information are
both important cues for the types of boundaries. I discussed a potential example
(Figure 1.2) which involves the computation of the acoustic cues in the inference
of both the prosodic boundary and the segmental identity, necessary for resolving a
potentially four-way ambiguous set of sentences.

Finally, I discussed ways in which the role of the prosodic boundaries is tested in

perception, which is summarized in (8).

(8) Summary of perceptual evidence for prosodic structures

a. Prosodic transcription: When we ask listeners, they can say they per-
ceive different sizes of boundaries. We can make post hoc comparisons of

these perceived boundaries, to figure out how the listeners made different
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judgments, assuming we know the right phonetic measurements to use
in the comparisons. Still, listeners might be influenced by non-acoustic
information in making such judgments, e.g., the syntactic parse of the
utterance.

Word spotting experiments: When we ask the listeners to spot words, they
do better if the perceived boundary is larger in general, but only if the
segment after the boundary is pronounced as expected, given the prosodic
structure hypothesized by earlier acoustic cues (Kim & Cho, 2009).
Prosodic disambiguation experiments: When we ask the listeners to dis-
ambiguate the meanings of syntactically ambiguous sentences which differ
in the prosodic structure in production, listeners make use of acoustic cues
that correlate with prosodic boundaries and interpret the sentence based
on the perceived prosodic structure.

Segment identification: When we manipulate the stimuli to create a per-
cept of a prosodic boundary and ask listeners to make the phoneme judg-
ment for the segment after the boundary, they seem to process the acous-
tic cues and formulate a prosodic structure, which they use to update the

expectations for how the segment after the boundary is pronounced.

These experiments provide evidence that the computation of the prosodic structure

and the segmental identity are interdependent. Processing of the prosodic structure

is affected by the processing of the post-boundary segment, and vice versa. Some of

the results also provide clues about how the acoustic cues are integrated in real-time

to make the judgments. For instance, when the listeners are asked to compute the

prosodic structure (e.g., in a word-spotting experiment), they seem to use the post-

boundary segmental realization to evaluate possible alternative prosodic structures

that are currently being considered. When the post-boundary segment does not have

the phonetic properties that match the strong candidate that they are considering,
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listeners are hindered more in the word spotting task (Kim & Cho, 2009). Similarly,
when the listeners are asked to compute the post-boundary segment, they seem to
update their expectation for the phonetic realization of the post-boundary segment,

depending on their computation of the pre-boundary acoustic information.

1.4 Cho et al (2007) model of speech perception

The experimental results reviewed in §1.3 generally assume a specific model of
speech perception, first proposed in Cho et al. (2007). More recently, McQueen &
Dilley (2020) have proposed a Bayesian Prosody Recognizer, which formalizes the
Prosody Analyzer model as a Bayesian inference procedure where the listener ‘com-
bines prior knowledge with signal-driven likelihoods to obtain an optimal interpre-
tation of current input’ (p. 5), where the ‘interpretation of current input’ includes
both the prosodic structure as well as the segmental identity However, these models
currently lack a specific computational implementation, in the sense that there is no
formalization of this model to the extent that it can be readily used to model a result
of a perception experiment. I will review the verbal descriptions of this model in the
past literature in this section and discuss what is being proposed.

This model has two modules: the Segment Analyzer and the Prosody Analyzer,
which interact with each other. The Segment Analyzer processes ‘information in
the speech signal which is relevant for phonemic contrasts’; while the Prosody Ana-
lyzer computes the prosodic structure of the incoming signal (Cho et al., 2007). For
instance, when hearing the syllable ‘pa’ at the end of an utterance, the Segment An-
alyzer identifies that the segments in the signal are /p/ and /a/, while the Prosody
Analyzer identifies that the segment is in IP-final position, by noticing that there is
a pre-boundary lengthening as well as a boundary tone.

These two analyzers work in parallel and can affect each other. Once the Prosody

Analyzer outputs the prosodic structure (e.g., the presence of an IP boundary), the
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Segment Analyzer uses the information to update the expectations for the phonetic
values of the upcoming segment.

As Cho et al. (2007) point out, the Prosody Analyzer must also rely on the Segment
Analyzer because to compute whether the syllable was lengthened, it would first need
to know how long /a/ tends to be (‘intrinsic duration’ of /a/). One way that this can
be implemented is by assuming the listener stores the distributional information of
the acoustic cues. For instance, when a syllable is perceived, the pitch contour of the
syllable must be used to decide if it has a boundary tone, and if so, which boundary
tone. This may be done by comparing this token with the distributions for each
boundary tone type, and deciding that it matches the most closely with one type of
boundary tone. Similarly, when a syllable is perceived, its duration is compared with
other IP-final syllables that are stored. Note that there must be some speech-rate
normalization before the comparison since the absolute duration measures cannot be
compared directly if the syllables are spoken at different speech rates.

The prosodic disambiguation experiments and the segment identification experi-
ments reviewed in §1.3.3 and §1.3.4 are set up such that one aspect of the acoustic
signal becomes given information for making inference about another aspect. In the
prosodic disambiguation experiments, post-boundary lexical items are generally cho-
sen such that they would not be misperceived as a different lexical item, despite its
acoustic variation. For instance, in Yoo (2020), a weak or strong realization of lenis
obstruent would never be misperceived as aspirated or fortis, because the experiment
did not include such lexical items in the list of stimuli words. Likewise, in the segmen-
tal identification experiments, while the presence or absence of a prosodic boundary
is manipulated, it does not seem to change how the overall sentence meaning is pro-
cessed. For instance, in Steffman (2019), the carrier sentence used was ‘I'll say
again’, where the duration and the pitch movement on the word before the target

word was manipulated to vary the prosodic structure of the utterance. However, this
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manipulation arguably would not create a difference in the meaning of the sentence
(i.e., an IP boundary between ‘say’ and the target word would mean the same as a
PW boundary between ‘say’, except the post-boundary segment may be perceived as
two different phonemes), in the same way that acoustic manipulations in a prosodic
disambiguation experiment does.

However, as demonstrated in the quadruplet example in Figure 1.2 (§1.2.3), these
two things could simultaneously be ambiguous in a naturalistic setting. In this con-
text, processing of a particular segment immediately informs both the lexical contrast
and the prosodic contrast. There needs to be a single joint inference for a phonological
representation, which includes both the prosodic structure, and the segments therein,
for a given acoustic signal. This is what I will attempt to show with the perception

experiment in Chapter 6.

1.5 Overview of this dissertation

This dissertation has two components: Production and Perception. In the Produc-
tion component, I demonstrate the role of the post-boundary segmental realization
in signalling the size of the prosodic boundary. I provide empirical evidence that
segmental realization can sometimes even be more informative than F0 patterns, for
differentiating prosodic structures. These findings demonstrating the importance of
segmental cues run counter to the prevailing trend has been to focus on the duration
and the FO pattern when studying the acoustic implementation of prosodic boundaries
(Jun, 2000, 2022). Segmental realization has been assumed to be less informative by
some researchers since segmental processes seem to be only optionally conditioned
by prosodic structure (Jun, 1994; Arvaniti & Baltazani, 2005). One example of such
segmental processes is how lenis obstruents are realized in the AP-medial position.

While it has been found that lenis obstruents are voiced in the AP-medial position,
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it has also been reported that they can optionally remain fully voiceless (Jun, 1993,
1994; Han, 2000).

However, in Chapter 2, I show that the acoustic realization of lenis obstruents in
a spontaneous speech corpus of Seoul Korean (Yun et al., 2015) is affected in multiple
ways by the prosodic structure. I find that the change in intensity (a measure of
phonetic reduction) and the change in duration is always (though gradiently) affected
by the prosodic structure, and therefore there is no optionality in the effect of prosodic
structure on the segmental realization contra what has been suggested by the previous
literature (Jun, 1994; Arvaniti & Baltazani, 2005).

Chapter 3 presents another corpus study on the same spontaneous speech corpus.
It shows that the segmental realization of lenis obstruents seems to better distinguish
different prosodic boundary types, compared to the tonal transition between syllables.
However, for Aspirated obstruents, the segmental realization does not differentiate
different prosodic boundary types, and only the tonal transition is informative.

Chapter 4 is an interim chapter, where I present a construction in Seoul Korean
involving the polysemous word /kiman,/ (‘start/stop’), which has the four constrasts
in the schematic example in Figure 1.2. It thus provides an ideal case study for how
prosodic structure and phonemic contrast are simultaneously realized acoustically.
I discuss the syntactic and prosodic structure of this construction and present a
Maximum Entropy (Goldwater & Johnson, 2003) grammar analysis of how variable
prosodic phrasing of a syntactic structure may be modeled. This construction will be
the focus of the rest of the chapters.

Chapter 5 presents a detailed acoustic analysis of this construction and again
shows that the tonal contour may not be informative in differentiating the prosodic
structures, while the segmental realization of lenis obstruent does.

In Chapter 6, I test the role of realization of lenis obstruent in prosodic and

lexical disambiguation in speech perception, using the same construction: /kiman/
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+ Verb (‘start/stop verb-ing’). The results indicate that listeners are sensitive to the
correlation between the prosodic context and the segmental realization.

Finally, in Chapter 7, I summarize the findings of this dissertation and discuss
their implications for how we may model the interaction between phonetics, prosody

and syntactic structure in speech production and perception.
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CHAPTER 2

LENITION OF LENIS OBSTRUENTS IN SEOUL KOREAN
SPONTANEOUS SPEECH

2.1 Introduction

This chapter revisits one of the oft-cited prosodically-conditioned segmental pro-
cesses reported to be both optional and gradient: Seoul Korean lenis obstruent voic-
ing. Previously, Jun (1993, 1994, 1995, 1998) has shown that lenis obstruents in Seoul
Korean are intervocalically voiced only when they are within a prosodic constituent
called the ‘Accentual Phrase’ (AP), which is defined by its tonal pattern, as in (1).
The features [-continuant|, [-constricted glottis|, and [-spread glottis| are used to refer
to lenis obstruents, as opposed to aspirated and fortis ones, and « is to indicate that

the domain is the AP.

(1)  [-cont, -const. glot., -spread glot.] — [+voice|] / a(..[+voice| __ [+voice| ..)
(Jun, 1993, p.78)

Jun (1993) argued the lenis voicing process is optional and gradient because in her
production study, Jun found AP-medial tokens that were fully voiceless, which were
exceptions to the generalization in (1). Jun’s results have been replicated in sub-
sequent works (Han, 2000; Yun, 2000) which have also shown that lenis obstruents
in AP-medial position are not always fully voiced and reported a range of possible
phonetic outcomes from fully voiced to partially voiced to fully voiceless.

While the prosodically-conditioned realization of Seoul Korean lenis obstruents

has often been described as a voicing phenomenon, lenis obstruents have also been
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reported to be shorter (Cho & Keating, 2001), fricativized, or approximantized (Silva,
1992; Lee, 1995), and even deleted (Kim et al., 2016) in AP-medial position. Through-
out this study, fricativized or approximantized realization of lenis obstruents, as op-
posed to a full-stop realization, will be referred to as ‘reduction’. While reduction
may be phonetically measured in multiple ways, in this study, it is measured as the
change in the velocity of intensity change following Kingston (2008) and Katz &
Pitzanti (2019).

Previous work on other languages has noted that a reduced obstruent token is
often characterized as more sonorant and vowel-like which is reflected in its high
intensity, whereas a full stop token is produced with complete occlusion of airflow,
thereby causing a rapid decrease in the intensity compared to the preceding vowel,
followed by a rapid increase in the intensity going into the following vowel (Harris &
Urua, 2001; Kingston, 2008). Therefore, the relative size of the change in intensity
and the velocity of that change can be phonetic correlates that reflect the degree of
reduction (see §2.3.3 for methods).

Cross-linguistically, reduction processes, i.e., spirantization, fricativization, or ap-
proximantization, tend to target obstruents in phrase-medial intervocalic positions
(Lewis, 2001; Kingston, 2008; Torreira & Ernestus, 2011; Bouavichith & Davidson,
2013; Ennever et al., 2017; Katz, 2016; Katz & Fricke, 2018; Katz & Pitzanti, 2019;
Katz, 2021; DiCanio et al., 2022). As a result of reduction, obstruents become more
vowel-like (Szigetvari, 2008; Katz & Fricke, 2018), shorter (Lavoie, 2001), and more
sonorous (Smith, 2008; Katz & Fricke, 2018). The fact that reduction typically oc-
curs within a prosodic constituent and that it results in a more sonorous phonetic
realization of obstruents has led some researchers to argue that the lenited realization
of these obstruents signals that ‘the current prosodic constituent is continuing rather
than ending or a new one beginning’ (Kingston, 2008, p.1). Katz (2016) calls this

‘continuity lenition’, and the term has been used to describe similar lenition processes
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in Campidanese Sardinian (Katz & Pitzanti, 2019) and Gran Canaria Spanish (Bro§
et al., 2021).

This study characterizes the realization of Seoul Korean lenis obstruents as conti-
nuity lenition and investigates their acoustic realization in all three of the prosodically
conditioned phonetic processes, i.e., voicing, reduction, and shortening. I will use the
term ‘lenition’ as an umbrella term that includes all three of these phonetic processes.

This study has two research questions summarized in (2), which will be referred

to as ‘Optionality of voicing” and ‘Optionality of lenition’.

(2)  Research questions

a. Optionality of voicing: is AP-medial voicing of Seoul Korean lenis obstru-
ents optional?
b.  Optionality of reduction and shortening: Are AP-medial shortening and

reduction of Seoul Korean lenis obstruents optional?

To address these research questions, this study investigates a spontaneous speech cor-
pus of Seoul Korean (Yun et al., 2015). The three phonetic processes will be measured
respectively with the following phonetic variables: the proportion of voiceless interval
(§2.3.2) for voicing, the maximum falling velocity in the transition from the vowel to
the obstruent closure (§2.3.3) for reduction, and the duration which includes both the
closure and the release (§2.3.3) for shortening.

Most previous work on Seoul Korean lenis obstruents has used lab speech (Jun,
1993, 1994, 1995; Han, 2000; Yun, 2000; Choi et al., 2006; Yoo, 2020), and almost
exclusively focused on the voicing while neglecting the reduction of lenis obstruents
(cf. Lee, 1995; Yoo, 2020). This is partially due to the methodological challenge
of dealing with reduced (fricativized and approximantized) lenis obstruent tokens.
When Seoul Korean lenis obstruents are reduced, it can be hard to identify where

they start and end from manually looking at spectrograms and waveforms. Plus, it is
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hard to quantify the degree of reduction which has been manually marked token by
token, with a binary label (e.g., ‘fricativized’ and ‘not fricativized’) (Lee, 1995; Yoo,
2020), while empirically, obstruent reduction tends to be more gradient rather than
categorical (De Jong, 1998; Simonet et al., 2012; Parrell & Narayanan, 2018). Having
to code the tokens manually also limits the number of tokens that are investigated.

This study overcomes these methodological limitations by using an automatic
algorithm that uses the annotation and audio files of a spontaneous speech corpus
and automatically measures the duration (closure and release) and the degree of
reduction of a lenis obstruent token.

Variants of this algorithm have been applied in research on lenition patterns of Pe-
ruvian and Ecuadorian Spanish (Kingston, 2008), Gurindji (Ennever et al., 2017), and
Campidanese Sardinian (Katz & Pitzanti, 2019). The number of lenis obstruent to-
kens investigated in this study (91,112) far exceeds the number of tokens investigated
in previous studies (on the order of hundreds for Kingston (2008) and Ennever et al.
(2017) and about 4,000 in Katz & Pitzanti (2019)). Compared to data collected from
production experiments, corpora generally provide much more data, which increases
the statistical power in modeling the pronunciations of lenis obstruents. Spontaneous
speech is ideal for lenition research since lenition tends to occur more frequently when
speakers speak casually and spontaneously (Warner & Tucker, 2011; DiCanio et al.,
2022).

To preview the results, this study replicates previous findings that voicing of
lenis obstruents is optional (Jun, 1993, 1994; Han, 2000; Yun, 2000), as there are
fully voiceless PW-medial lenis obstruents tokens in the spontaneous speech corpus
which are preceded by a fully voiced vowel. However, this study finds that these
fully voiceless PW-medial lenis obstruents are nonetheless realized as more reduced
and shorter in duration compared to PW-initial lenis obstruents that have the same

voicing profile, i.e., fully voiceless after a fully voiced vowel.
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The rest of the paper is structured as follows. §2.2 presents background on lenis
obstruents and Accentual Phrases in Seoul Korean, and presents the two research
questions in more detail. §2.3 describes the corpus and the algorithms used to mea-
sure the phonetic variables to investigate the three acoustic characteristics of lenis
obstruents: voicing, reduction, and shortening. §2.4 presents the exploratory results,
showing the effect of prosodic position on the realization of lenis obstruents in voicing,
reduction, and duration. It presents results relevant for the first research question:
optionality of voicing. §2.5 presents inferential statistical analyses to address the
second research question: optionality of reduction and shortening. §2.6 discusses
the theoretical implication of the findings for the relationship between the prosodic

structure and segmental realization. §2.7 concludes the chapter.

2.2 Background and research questions

Lenis obstruents in this study refer to lenis stops in three places of articulation—
bilabial, alveolar, and velar (/p, t, k/), plus the lenis postalveolar affricate (/tf/).
These may be most accurately referred to as [-continuant, -nasal| sounds because
the term ‘obstruents’ technically includes fricatives as well. Fricatives /s, s*, h/ in
Korean are not investigated as they are not of ‘lenis’ category: /s*/ is fortis, /h/ is
aspirated, and /s/ does not seem to be straightforwardly categorized as lenis either
(Chang, 2008), primarily because /s/ does not become fully voiced, unlike other lenis
categories.

All three lenition processes make reference to the prosodic constituent called the
Accentual Phrase (AP). The AP is one of the prosodic constituents proposed for Seoul
Korean in the autosegmental-metrical system of Seoul Korean intonation called the
K-ToBI model (Jun, 1993, 2000, 2006, 2007). I briefly review the K-ToBI model here.
For a more thorough discussion of the K-ToBI model, see §1.2.1. In this model, there

are three levels of prosodic constituents above the Phonological Word (PW) which are
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assumed to be strictly layered: Accentual Phrase (AP), intermediate phrase (ip), and
Intonational Phrase (IP) (Jun, 1998, 2000, 2006, 2007). The highest two constituents
in the K-ToBI model, the ip and the IP, are not the focus of the current study since
the processes studied in this study seem to be conditioned by the AP level.

The AP starts with either a ‘H(igh)’ or a ‘L(ow)’ tone, depending on its first
segment. If the first segment is an aspirated or a fortis obstruent, the AP-initial tone
is an ‘H’, and when the first segment is anything other than an aspirated or fortis
obstruent, e.g., a lenis obstruent, it is an ‘L’. The last tone of an AP is most frequently
‘Ha’ though it can also be ‘La’. The ‘-a’ is a diacritic that indicates that the tone
is associated with the Accentual Phrase edge. An AP may consist of multiple PWs
though Jun (2000) argues that an AP is typically a lexical item plus a post-positional
marker, such as the case marker. However, the AP is an intonational constituent as
opposed to a syntactic one, and is defined as tonally ‘demarcated by a phrase-final

High tone’ (Jun, 1998, p.190).
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Figure 2.1: Waveform, spectrogram, and phone-level annotation of an AP-initial
PW-initial voiceless /k/, taken from the Seoul Corpus (Yun et al., 2015). InputFile:
s01m16f6, /k/ starts at t = 162.30530. /tfPome/ (‘at first’) /komsa-ri/ (‘examination-
ACC).

Figure 2.1 plots the waveform and spectrogram of a typical voiceless and aspirated
realization of a PW-initial lenis velar stop (the region highlighted with a gray box),
taken from the Seoul Corpus (Yun et al., 2015).! In contrast, Figure 2.2 shows a
voiced realization of a PW-medial /k/ from the corpus. This particular token is
clearly approximantized and fricativized, as well as being voiced, as there seems to be
no sign of stop closure. Throughout this chapter, waveforms plotted in red are taken

from the PW-medial position.

!Throughout this chapter, token start time (‘t’) indicates where the lenis token in the figure
starts in the original sound file. On the figures, the time axis always starts at 0.

o4



0.000 JAJ"LJ‘FJ"JHJ u fuf "'J ‘J |PMVWW“M ‘Mh |rt‘|fJ|M|u
5000 _ 1 : ’
| M b
: '." ! " ¢ { ﬂ“ 'iir
& _'.!.u:.'. .ﬁ'lllllmlllﬂmll "’!"1 L "

Time (s)

Figure 2.2: Waveform, spectrogram, and phone-level annotation of a PW-medial
voiced /k/, taken from the Seoul Corpus (Yun et al., 2015). InputFile: s02m16f1, /k/
starts at t = 175.29585. /jeki-ni/ (‘story-TOP”’).

2.2.1 Optionality of voicing
Recall that the generalization is that lenis obstruents are voiced between voiced

segments within an AP, which is repeated in (3).

(3)  [-cont, -const. glot., -spread glot.] — [+voice|] / a(..[+voice| __ [+voice| ..)
(Jun, 1993, p.78)

There are two possible ways shown in (4) that this generalization may be broken. It
may be called an exception if a lenis obstruent is voiced in the AP-initial position as

in (a), or if a lenis obstruent is voiceless in the AP-medial position as in (b).

(4)  Two possible exceptions to the generalization in (3).

a. AP-initial voicing: | [+voice| |ap| [+Voice][+voice] |

b.  AP-medial non-voicing: 4p| [+voice|[-voice][+voice] |
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(i) PW-medial non-voicing: 4p|pw| |+voice|[-voice][+voice] ||

For a corpus investigation such as the present study, it is challenging to identify the
boundaries of the AP, since it requires rigorous prosodic transcriptions, preferably
done by multiple trained transcribers. Moreover, as Yoo (2020) points out, depending
on how the AP boundaries are annotated, an ‘AP-initial’ lenis token in one study
might be analyzed as ‘AP-medial’ in a different study (p. 84). Therefore, the first
kind of exception—AP-initial voicing—may be harder to investigate in a corpus study
such as the current study.

On the contrary, the second kind of exception—AP-medial non-voicing, can be ad-
dressed, as we can investigate lenis obstruents in PW-medial position (4b-i). Unlike
APs, PWs are not defined prosodically since there is no word-level prominence (word
stress) in Korean. They are widely assumed to be the lexical words (or ‘Eojeol’s in
Korean, which is defined as a white space delimited sequence of letters in orthogra-
phy) both in the K-ToBI convention (Jun, 2000) and in other works (e.g., Han, 2000;
Choi et al., 2006). I follow this convention and use the term ‘Eojeol’ interchangeably
with the word ‘PW’, throughout this dissertation. Eojeols are content words com-
bined with optional suffixes, such as verb-endings and case markers. Since the corpus
I investigate provides an Eojeol-level segmentation but no prosodic transcriptions in-
cluding AP boundaries, I specifically use ‘Eojeol’ to refer to the intervals marked in
the corpus. In the K-ToBI model, the levels of the prosodic constituents are assumed
to be properly bracketed and strictly layered (Jun, 1993, 2000). This indicates that a
PW-initial syllable can be AP-initial or AP-medial, depending on its alignment with
the AP, while a PW-medial syllable is always AP-medial since an AP cannot start in
the middle of a PW. Therefore, the lenis obstruents in the onset of the PW-medial
syllables provide a good test case for the optionality of the voicing process, since
the PW-medial lenis obstruent onsets are expected to be always voiced if the voicing

process is not optional.
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Jun (1994) models the AP-medial Lenis voicing generalization in (3) as blend-
ing and reduction of glottal opening gestures, using Browman & Goldstein (1989)’s
gestural score model of phonetic representation. In this proposal, lenis obstruents
are AP-medially voiced because the glottal opening gestures for the lenis obstruent
are blended with those for the preceding vowel. As Jun (1994) points out, if this
is the right interpretation of the AP-medial lenis obstruent voicing, then lenis ob-
struents may be fully voiceless in the PW-medial position if the preceding vowel is
also devoiced. Indeed, there were lenis obstruent tokens in Jun’s study that were
fully voiceless in the PW-medial position and were preceded by fully devoiced vowels.
These tokens have not been considered as true exceptions to the AP-medial voicing
generalization as the lenis token is not preceded by a voiced segment. Jun (1994)
showed however that not every instance of PW-medial fully voiceless lenis obstruent
was preceded by a fully devoiced vowel, and some PW-medial tokens in her produc-
tion data were fully voiceless despite having a regular, not devoiced, vowel before
them. These PW-medial fully voiceless realizations of lenis obstruents after a fully
voiced vowel were also observed in a later study (Han, 2000).

The first research question of the study seeks to replicate both these previous
findings that some PW-medial voiceless lenis tokens are due to being preceded by a
preceding devoiced vowel (Jun, 1994) but some PW-medial lenis tokens may be fully
voiceless after a voiced vowel (Jun, 1993, 1994; Han, 2000; Yun, 2000). Such empirical
evidence suggests AP-medial voicing of lenis obstruents is optional. This amounts to
finding tokens in (5), i.e., PW-medial voiceless tokens that are preceded by a devoiced
vowel (‘v’) or a regular vowel (‘v’). The result of this research question is presented

in §2.4.

(5) Ap[pw[ ...Lenis[_mce}... ”
a. Not an exception of (3): ap[pw| v Lenisi_yoice v ||

b.  True exception of (3): ap[pw| v Lenis|_yice) v ||
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2.2.2 Optionality of lenition

If investigating the first research question leads to a successful replication of pre-
vious findings (Jun, 1993, 1994; Han, 2000; Yun, 2000), then the second research
question is called for: given the optionality of AP-medial voicing, are AP-medial
shortening and reduction of Seoul Korean lenis obstruents also optional? Investigat-
ing the optionality of prosodically conditioned segmental processes has theoretical
importance since it has raised doubts about the reliability of segmental realization in
signaling prosodic constituency (Arvaniti & Baltazani, 2005). The second research

question is summarized in (6).

(6)  Optionality of lenition: Are AP-medial shortening and reduction of Seoul Ko-

rean lenis obstruents optional?

a. Optional prosodic effect: fully voiceless AP-medial lenis obstruents can
be produced without reduction and with long duration.
b.  Obligatory prosodic effect: fully voiceless AP-medial lenis obstruents are

produced as reduced and with short duration.

When lenis obstruents are realized as fully voiceless in the AP-medial position, can
they also be produced without reduction, and with long duration, as if they are
produced in the AP-initial position? This would mean that a particular realization
of segment does not cue the prosodic position reliably. Alternatively, when a lenis
obstruent is fully voiceless in the AP-medial position, it may be produced as reduced
and shorter, despite the voicelessness, thus reliably signaling the continuation of the
current prosodic constituent, as ‘continuity lenition’ account predicts (Kingston, 2008;
Katz, 2016; Katz & Pitzanti, 2019). The former will be referred to as the ‘optional
prosodic effect’ hypothesis, while the latter will be referred to as the ‘obligatory

prosodic effect’” hypothesis, as in (6). The result of this question is presented in §2.5.
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2.3 Methods

This section describes methods to parameterize lenis obstruents in terms of de-
gree of voicing, degree of reduction, and duration. It first introduces the spontaneous
speech corpus (Yun et al., 2015) used in this study (§2.3.1), then phonetic measure-
ment for voicing in (§2.3.2), and phonetic measurements for duration and degree of
reduction (§2.3.3). Methods for inferential statistics appear later in §2.5.

The complete workflow of the methods in this study is also described in a document
named ‘Doing phonetic research on the Seoul Corpus’ in the OSF repository? that
hosts the supplementary materials, which also provides documentation for all Praat,
Python, and R scripts for processing the corpus annotation files and audio files, as

well as for generating the figures used in this study.

2.3.1 Corpus

Data for this study came from a spontaneous speech corpus of 40 Seoul Korean
speakers, the ‘Seoul Corpus’ (Yun et al., 2015). Five male and five female speakers
were recorded in each of four age groups: teens, twenties, thirties, and forties. The
youngest of the forty speakers was a fifteen-year-old male, the oldest was a forty-seven-
year-old female. Speakers and their parents were raised in or near Seoul. Speakers
conversed with the interviewers on predetermined topics, but the conversation was
not limited to those topics. Each speaker’s recording lasted roughly one hour. The
interviewer’s speech and non-speech intervals such as laughter were removed which
reduced the total duration of the recordings from 42.8 to 24.2 hours.

A screenshot of a sample corpus annotation file is in Figure 2.3. The corpus anno-
tation files provide three kinds of segmentation: Utterance, Eojeol (lexical word), and
phone. The Utterance tier contains chunks of running speech delimited by ‘silence’

intervals. In the Eojeol tier, the utterances are segmented into Eojeols. There are two

’https://osf.io/ukh6d/?view_only=d9bda726aebe4512830c6996f2aedcae

29


https://osf.io/ukh6d/?view_only=d9bda726aebe4512830c6996f2ae4cae

0.106462 0.048072 (20.802/ 5) 0.154535 >

0.1765|

-0.07166
5000 Hz,

0 Hz|

lphoneme
(3/6)

=1

X lpWord.prono.
g A714 o
g kOvv-kO0ii-sOvv ;\I\)lord.prom.
: AZ1A of 7HA 3 @ ke oo

x pWord.ortho.
. A7A P
@ KOVv-KOii-sOvv s
4 A7 o A B e .

0.106462 0.048072 [ 0.144573
0 Visible part 0.299108 seconds 0.299108|

Total duration 0.299108 seconds

Figure 2.3: Screenshot of a corpus wave file and annotations. Tiers: phone, Eojeol
pronunciation (Korean), Eojeol pronunciation (Romanized), Utterance pronunciation
(Korean), Eojeol orthography (Korean), Eojeol orthography (Romanized), Utterance
orthography (Korean).

kinds of Eojeol tiers: orthographically transcribed and phonetically transcribed. The
phonetically transcribed Eojeol tiers contain the broad transcription of the pronun-
ciation of the Eojeols, which reflects any alternation of phonemes (lenis obstruents
realized as fortis or aspirated)® but not if there is an ‘allophonic’ change (lenis obstru-
ents realized as voiceless or voice). I focus on the lenis obstruents that are transcribed
as lenis in the phonetically transcribed tier, to exclude tokens that are underlyingly
lenis but realized as fortis or aspirated obstruents. I found relevant lenis obstruents
in the corpus that were specifically between two vowels to control for the neighboring
segment environment. The description in (3) defines the phonological environment as
between two [-+voice| segments. Since Korean phonotactics do not allow consonant
clusters, this means that lenis tokens between two [-+voice| segments mean they may

appear after a sonorant coda and before a vowel. I limited the tokens I investigated to

3For instance, lenis obstruents alternate to fortis when they’re produced after an obstruent coda
as in [sok.t*o] /sok.to/ (‘speed’), and they alternate to aspirated following a certain morpheme as
in [sil.tha] /sil-ta/ (‘hate-DECL’).
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the lenis obstruent onsets in the intervocalic position only, excluding tokens that are
between a sonorant coda and a vowel. This also excluded lenis tokens that appeared
after a pause interval (i.e., post-pausal utterance-initial tokens). In the FEojeol tiers,
the syllable boundaries were marked with ‘-’, which was used to identify the lenis
obstruents in the onset position, but not in a coda position. When a lenis obstruent
was in a coda position, and resyllabified to the onset position of the next syllable,
this change was only reflected in the phonetically transcribed Eojeol tier, but not
in the orthographically transcribed Eojeol tier. For instance, /mok.i/ (‘neck-NOM’)
would be transcribed as ‘mo-ki’ in the phonetic Eojeol tier, but as ‘mok-i’ in the
orthographic Eojeol-tier. An Eojeol-final coda could in theory be resyllabified to an
onset of the following Eojeol-initial syllable, but there were only 40 instances of such
cases, and I excluded these tokens from analyses.

Finally, in the Phone tier, the phonetically transcribed Eojeols are segmented
into phones. The intervals for obstruents contain both the closure interval and the
aspiration interval, if there is any, meaning they included the speech from the end
of the preceding segment (i.e., the preceding vowel) to the start of the following
segment (i.e., the following vowel). The segmentation and transcription (Eojeol-
level and phone-level) were first done with an automatic forced-aligner and manually
corrected by 9 labelers. The authors report an impressively high agreement rate of
98.1% among the 9 labelers (Yun et al., 2015).

For this study, the Phone intervals were searched using the ‘textgrid’ package
(Gorman, 2014) in Python to select the obstruents in the syllable onset position (those
preceded by the syllable boundary symbol in the phonetic Eojeol tier). This resulted
in 150,088 obstruent onset tokens in the intervocalic position in total. These tokens
were labeled ‘Eojeol initial” and ‘Eojeol medial’, depending on where the phone inter-
val was with respect to the Eojeol interval boundaries. Not every token was included

in the analyses however because some had to be removed in the process of param-
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eterization, which we turn to next. The final number of tokens that were analyzed
is summarized in Table 2.2 in §2.3.3. The other two obstruent categories (Aspirated
and Fortis) were also investigated so as to demonstrate that the acoustic realization
of lenis obstruents are clearly conditioned on the prosodic position while the other
two categories remain relatively unchanged in terms of the phonetic dimensions that

I measured.

2.3.2 Parameterizing the voicing: Proportion of voiceless interval

The degree of voicing measure was measured using a Praat script, which uses
‘the fraction of locally unvoiced frames’ contained in the Voice Report (Boersma &
Weenink, 2023). The minimum and maximum FO were set differently for male and
female speakers to get the best result since the Voice Report function in Praat works
by measuring whether there is detectable fO in a given interval (see Praat manual
for more explanation (Boersma & Weenink, 2023)). Other values were set to Praat’s
default. This measure was used in previous work (e.g., Davidson, 2016, 2018) to
quantify the degree of stop voicing in a gradient way, rather than transcribing the
tokens as ‘voiced’ or ‘voiceless’. Note that I used the proportion of voiceless interval
(the original fraction of locally unvoiced frames), as opposed to converting it to the
proportion of voiced interval. This is to have the measure of voicing point in the same
direction as duration: a lower proportion of voiceless interval (i.e. more voiced) and
a shorter duration both indicate a more lenited token.

When a lenis obstruent token had a value of 0 in the proportion of voiceless
interval, it indicated that it was fully voiced; and when it had a value of 1, it indicated
that it was fully voiceless. Therefore, with respect to the ‘Optionality’ question, if
there is a PW-medial lenis obstruent that is 100% voiceless after a vowel that is
0% voiceless (i.e., fully voiced), then such a token would be a clear exception of the

generalization in (3). The results for these measurements are presented in §2.4.2.
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2.3.3 Parameterizing the degree of reduction and duration

While it is common to use continuous measures for duration (e.g., Cho & Keat-
ing, 2001) and voicing (Jun, 1993; Han, 2000), qualitative measures have been more
frequently used for reduction (Lee, 1995; Yoo, 2020; Colantoni & Marinescu, 2010;
Mansfield, 2015). In past literature, visual criteria have been applied to identify
whether an obstruent is reduced (fricativized or approximantized), which includes
the presence or absence of certain phonetic features that characterize reduction, such
as burst, voicing, visible formants above F1 (Bouavichith & Davidson, 2013; Mans-
field, 2015). Manual inspection requires a great deal of human hand annotation,
meaning it becomes quickly expensive to get the data annotated as the size of the
data gets bigger.

However, besides this practical issue, Ennever et al. (2017) has summarized three
potential problems of taking measurements by hand. First, consistently discerning
the boundaries of phones is nearly impossible without an automatic algorithm. As
Ladefoged (2003) notes, segments often ‘don’t have clear beginnings and ends’ and
as Turk et al. (2006) argues, perhaps in this sense the segmentation of spontaneous
speech into segments is an ‘artificial task’. The quantification of lenition and the
segmentation of the obstruent are bound to be interdependent since any attempt
to quantify the lenition of a segment presupposes that the researcher knows where
to measure from, i.e. the segment boundaries. Second, different types of segments
often require using different phonetic correlates for segmentation which causes diffi-
culties in trying to investigate lenition across different segments. Finally, qualitative
measures, in specific, are hard to reproduce, since the observation of the segments
depends on the specific details in the software settings for displaying the waveform
and the spectrograms. Ennever et al. (2017) has shown that the same token can be
considered lenited or not, depending on the Praat setting. As Katz & Pitzanti (2019)

notes, labeling using qualitative criteria necessarily introduces a lot of subjectivity of
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the labelers, and they state that it is almost like conducting a binary forced-choice
experiment on the labelers.

In contrast, Kingston (2008) proposed an algorithm of performing the segmenta-
tion and lenition quantification using the intensity, which was later modified to be
used for investigating larger data sets of other languages: Gurindji (Ennever et al.,
2017) and Campidanese (Katz & Pitzanti, 2019). This study uses a blended version
of Kingston’s original procedure and the improvements made in the later work, which
we will call the ‘Smoothed Kingston’ algorithm, to increase the robustness of the
method. This version is almost identical to the one used in Katz (2021) except for
the choice of frequency band to bandpass filter the signal. The Smoothed Kingston
is designed to measure the degree of lenition of an obstruent token, by measuring
the velocity of intensity change from the interval between the preceding vowel to the
obstruent. In the intervocalic position, a full stop token is produced with complete
blocking of airflow, which causes a rapid fall in the intensity compared to the preced-
ing vowel, followed by a rapid increase in the intensity as the following vowel starts.
In contrast, when an obstruent is realized with an incomplete closure (i.e. reduced),
such changes in the velocity of intensity change would be less extreme.

To demonstrate how the Smoothed Kingston algorithm quantifies the degree of
obstruent lenition as well as discover the segmental boundaries, a token of lenis stop
/k/ in the data is shown in Figure 2.5 with the parameterization results of the algo-
rithm. The original waveform, spectrogram, and annotation of this token is presented

in Figure 2.4.

64



0.000

-0.072
5000

Frequency (Hz)

phoneme

Time (s)

Figure 2.4: Waveform, spectrogram, and phone-level annotation of a PW-medial
voiced /k/, taken from the Seoul Corpus (Yun et al., 2015). InputFile: s04m15mb5,
/k/ starts at t = 179.57818. /kokiso/ (‘there’).

The token was taken from the Eojeol: /ko.ki.so/ (‘there’), and it is the second
/k/ in bold. Since it was an Eojeol medial token, it was expected to be voiced,
reduced, and shorter. The solid lines labeled as ‘A’ and ‘B’ are boundaries marked
in the corpus annotation file, whereas the dashed lines labeled as ‘C’ and ‘D’ are the
boundaries identified by the algorithm. The solid line labeled as ‘Pit’ is where the

intensity is the lowest within the consonant boundaries.
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Figure 2.5: A demonstration of how a PW-medial /k/ token in between /o/ and /i/
vowels is parameterized using the Smoothed Kingston algorithm. The consonantal
interval marked as ‘A’-‘B’ is based on the consonant boundaries in the corpus annota-
tion file. The consonantal interval marked as ‘C’-‘D’ is from the consonant boundaries
identified by the algorithm. The degree of reduction is the velocity of intensity change
at point ‘C’. This point is searched for within the interval marked with dark gray.
The Pit refers to the point where the intensity is the lowest within the consonant.

First, the acoustic signal of the entire sound file was bandpass filtered into dif-
ferent frequency bands. This study experimented with three bands: 0-400 Hz (‘Low
band’), 400-1200 Hz (‘Mid band’), and 1200-3200 Hz (‘High band’) and found the low
band yields the optimal parameterization. For how the parameters of this procedure
were evaluated, including this choice of frequency band, see Supplementary Material
‘Choosing the right method and parameters to quantify the degree of reduction’ in the
the OSF repository. From the bandpass filtered acoustic signal, the intensity of the
energy was extracted using the Tolntensity function in Praat. Then, the algorithm
looked for the obstruent tokens in the intervocalic position using the annotation file
and for each token, it looked for the manually marked consonant boundaries on the

Phone tier on each side of the segment. These boundaries from the corpus annotation
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are shown as solid vertical lines (‘A” and ‘B’), across all panes in Figure 2.5. In con-
trast to Kingston’s algorithm, the algorithm used in Ennever et al. (2017) and Katz
& Pitzanti (2019) used only the left boundary of the segment. This choice of using
only the left boundary affected the robustness of the algorithm to consistently find
the boundaries for the segment, and therefore this study used both boundaries (see
Supplementary Material ‘Choosing the right method and parameters to quantify the
degree of reduction’ for a demonstration of how this decision might matter and see
also Katz (2021) for similar opinion (p. 667)).

A user-specified small margin was added on both sides of the segment interval,
such that the intensity measurements from the end of the preceding vowel and the
beginning of the following vowels could be included. After some experimentation, I
used 25 ms as the margin which is half of the 50 ms margin used in (Kingston, 2008),
as 50 ms was found to be too wide (see Supplementary Material ‘Choosing the right
method and parameters to quantify the degree of reduction’ in the OSF repository for
more details). This margin-padded segmental interval worked as the search window
over which we found relevant acoustic correlates that quantify the degree of lenition as
well as the boundaries of the given obstruent token. This margin on the left boundary
of the segment is marked as the gray interval in Figure 2.5.

The intensity measurements taken from the search window associated with each
obstruent token were used to compute the velocity of intensity over time. While
Kingston (2008) computed the velocity by first differencing the intensity measure-
ments over time, later variants in Ennever et al. (2017) and Katz & Pitzanti (2019)
used a spline smoothing to get a smoothed intensity contour prior to computing the
derivative. This study took the second approach of smoothing the intensity con-
tour before taking its derivative (to compute the velocity), hence ‘Smoothed’ in the
name of the algorithm ‘Smoothed Kingston’. The spline smoothing was done using

the ‘smooth.spline’ function in the R Stats package (version 3.6.2) (R Core Team,
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2023). A user-specified smoothing parameter ‘spar’ was used to decide how smooth
the curve will be. A higher smoothing parameter means heavier smoothing, which
tends to misrepresent the contour if the contour changes abruptly. A lower smoothing
parameter on the other hand means possibly overrepresenting the contour, which may
contain measurement outliers. The velocity contour was then computed by taking the
derivative of the smoothed intensity contour.

From these contours, the following inflection points were found. First, from the
intensity contour (the top pane of Figure 2.5), the Pit was identified, by finding the
minimum intensity value within the search interval. The assumption that intervocalic
obstruents were produced with a closure (either complete or incomplete if it is lenited)
implied that the intensity contour measured from the ‘VCV’ interval would be U-
shaped, as illustrated in Figure 2.5. In the typical case where the intensity contour
was U-shaped, the Pit could be identified somewhere in the middle of the segment,
as in Figure 2.5. However, in a case where the segment was lenited to the extent that
it has virtually the same intensity energy compared to the neighboring vowels, then
this Pit might not be found at all. This latter case was the failure condition of the
algorithm used in (Ennever et al., 2017; Katz & Pitzanti, 2019) and was also used
in this study to exclude tokens that were too lenited to determine their boundaries.
A very conservative criterion was used to decide which tokens were excluded in this
study: a token was discarded if the algorithm failed to find its Pit for one of the
three frequency bands (high, mid, and low band) I experimented on. This made
sure that the remaining tokens had the expected U-shape intensity contour. This
strict criterion is likely to exclude heavily lenited obstruents which, as a result, are
disproportionately left out of the analysis. However, it is not a problem for addressing
my research questions. Recall that the first research question asks if reduction is
optional. If it turns out that reduction seems to have happened for tokens that are

not heavily lenited, then it should provide evidence that reduction is not optional.
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From the velocity contour (the middle panel of Figure 2.5), two inflection points
were identified: the most extreme falling velocity (point ‘C’ on Figure 2.5) near the
left boundary and the most extreme rising velocity (point ‘D’ on Figure 2.5) near the
right boundary. Crucially these extrema were found within the user-specified margin
(the dark gray interval in Figure 2.5) near the manually marked boundaries. When
a token was realized as extremely shortened, a large margin would accidentally cause
the most extreme rising velocity to be found near the left boundary, instead of the
right boundary. Kingston (2008) reported that for around 9-10% of his data, the
extreme rising velocity preceded the extreme rising velocity in time, and discarded
those tokens. The same criterion was applied to the present data.

Finally, the tokens that had a non-negative minimum velocity value were removed
because it meant that there was no decrease in intensity compared to the preceding
vowel. For these two filtering criteria, the conservative method was used again, that
is if the algorithm failed on one of the three frequency bands, then the token was
discarded.

Table 2.1 summarizes the number of tokens that were removed for each step during
this parameterization procedure. Notice that a single token could potentially have
both the problem of having no Pit and having the wrong order of the maximum
velocity and the minimum velocity. The table shows the counts of the tokens that
were removed from the data set by the time that the filtering criterion was applied
and therefore the numbers in Table 2.1 do not double count the number of tokens
that had more than one reason to be removed. There were considerably more lenis
obstruent tokens that were excluded compared to the other two categories. A total
of 16,449 obstruent tokens were removed. While this seems to be a large number, it
amounts to only 11% of the initial number of 150,088. This rate is comparable to the
percentage of tokens removed from the final analysis in previous studies: around 10%

in Kingston (2008), 8% in Katz & Pitzanti (2019), and 7% in Ennever et al. (2017),
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despite applying a more strict criterion for a token to be deemed unparameterizable.
Some of the reasons why the parameterization might fail for some tokens are discussed
in depth in the Supplementary Material ‘Choosing the right method and parameters
to quantify the degree of reduction’.

Out of the tokens that were removed, 15,489 of them were lenis, 396 were fortis,
and 564 were aspirated. Lenis obstruents were disproportionately excluded partly
because there were a lot more lenis obstruents than the other two categories to begin
with, but also because only lenis obstruents were expected to be realized as reduced

(fricativized and approximantized).

Filtering criterion Number of excluded tokens
No identifiable Pit 16,382

Non-negative value of CVE 51

RVE preceding CVE 12

Proportion of voiceless intervals error 4

Total number of tokens removed 16,449

Table 2.1: Table summarizing the number of tokens that are removed from the data
because of the parameterization issue. For each step, the number of tokens is counted
from the data that resulted from the previous filtering step.

The extreme falling velocity value (the Y-axis value of point ‘C’ in Figure 2.5)
is named the ‘Closure Velocity Extremum’ (CVE) because it is expected to align
with the consonantal constriction, as the energy falls fast from the preceding vowel.
Likewise, the extreme rising velocity value (the Y-axis value of point ‘D’ in Figure 2.5)
is named the ‘Release velocity Extremum’ (RVE) because is expected to align with
the end of the constriction and the beginning of the following vowel, as the energy
rises fast as the vowel gets produced. The time points of CVE and RVE are then
used as the updated, phonetically grounded left and right segment boundaries of the
obstruent token. This resulted in a slightly shorter duration (39 ms, the interval

between ‘C’ and ‘D’) compared to the corpus duration (48 ms, the interval between
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‘A’ and ‘B’) for the given token in Figure 2.5, but it was not always the case that the
corpus duration was longer than the found duration.

Kingston (2008) used the CVE, the duration, and the RVE to quantify the degree
of lenition as more extreme values of these indicated that the token was less lenited
because an actual stop (non-lenited) would have a rapid decrease in intensity (CVE)
with a full occlusion, which would be sustained for a longer period (the updated
duration), followed by a burst of airflow causing a rapid increase in intensity (RVE).
Parameters that could potentially cause differences in the parameterization of the
lenis obstruents were set after some experimentation (see Supplementary Material
‘Choosing the right method and parameters to quantify the degree of reduction’ for
details). The bandpass filter was set to the low-frequency band (0-400 Hz), and the
smoothing parameter (spar) was set to 0.4.

Finally, 4 additional tokens were removed from the dataset since the proportion
of voicing measurement returned NA values for their neighboring vowels, as these

vowels were completely devoiced.

Lenis Aspirated Fortis
Initial 36,801 4,575 5,341
Medial 54,311 14,644 17,967
Total 91,112 19,219 23,308
(68.2%) (14.4%) (17.4%)
Table 2.2: Number of lenis, aspirated and fortis onsets from Eojeol initial and Eojeol
medial positions

The remaining 133,639 tokens are summarized for each of the three laryngeal
categories and two Eojeol positions (Initial or Medial) in Table 2.2.* These obstru-
ent tokens were all measured in terms of their proportion of voiceless intervals, the

proportion of voiceless intervals of their preceding vowels, the CVE, and duration.

4Note these were all in the onset position, therefore there were no Eojeol-final obstruents.
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There were notably more lenis onsets (68.2%) across the two positions in Eojeol
compared to the other two categories (14.4% for aspirated and 17.4% for fortis).
The number of lenis obstruent tokens that are of principal interest in this study far
exceeds the number of tokens investigated in previous work that uses a similar method
to acoustically quantify the degree of lenition (Kingston, 2008; Ennever et al., 2017;
Katz & Pitzanti, 2019), which was in the order of hundreds for the former two and was
about 4,000 in Katz & Pitzanti (2019). As noted, this is an advantage of investigating
a speech corpus, rather than speech collected from a production experiment, as a

larger number of tokens provide higher statistical power.

2.4 Distribution of phonetic variables in different prosodic po-
sitions

This section presents the distribution of obstruent tokens in the phonetic variables
explained in §2.3: proportion of voicing, CVE, and duration. I explore the distribu-
tion of lenis obstruents in these phonetic variables to address the research questions:
Are AP-medial voicing, shortening and reduction of Seoul Korean lenis obstruents
optional?

While the other two laryngeal categories are not expected to have different values
across different Eojeol positions, lenis obstruents are expected to have different values
for these phonetic variables, across the two Eojeol (PW) positions: initial and medial.

As discussed in §2.2; it is expected that there would be two kinds of Eojeol ini-
tial tokens: AP-initial and AP-medial. On the other hand, the Eojeol-medial lenis
obstruents are uniformly AP-medial and hence expected to be voiced, reduced, and
shortened, compared to the Eojeol-initial tokens. Yet, there might be exceptional
Eojeol-medial lenis obstruents that might be fully voiceless, less reduced, and longer,

compared to other Eojeol-medial tokens, if voicing, reduction, and shortening are op-
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tional in the AP-medial position. If these exceptional Eojeol-medial lenis obstruent

tokens exist, they would be visible from the distribution.

2.4.1 Prosodic conditioning of voicing

We start with the distribution of the proportion of voiceless interval. As mentioned
in §2.3.2, I defined the variable as the proportion of ‘voiceless’ interval, and therefore
a value of 0 would indicate a fully voiced realization, whereas a value of 1 would
indicate a fully voiceless one.

The data measured from the corpus replicate the optionality and gradience of AP-
medial lenis obstruent voicing found previously in lab speech (a.o., Jun, 1994, 1998;

Han, 2000).
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Figure 2.6: Histograms showing the density of the proportion of voiceless interval
measured from the obstruent interval. The top row shows the measurements from
Eojeol initial position, and the bottom row shows the measurements from Eojeol
medial position. The columns separate out the three laryngeal categories.

Figure 2.6 plots the density of the proportion of voiceless interval, for each of the
three laryngeal categories in Fojeol initial and medial positions. It is quite noticeable
that while the aspirated and the fortis obstruents are either fully voiceless (i.e., the

proportion of voiceless interval is 1 or the right end of the continuum on the figure) or
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voiceless for more than half of the interval in both Eojeol initial and medial positions,
the lenis obstruents vary greatly by Eojeol position. There are many more fully
voiceless tokens than fully voiced tokens in the initial position while the opposite
is true in the medial position. There were lenis obstruent tokens with intermediate
values in both positions.

The distribution for lenis obstruents in Figure 2.6 in both Eojeol initial and medial
positions can be characterized as a near-categorical bimodal distribution with some
noise (the intermediate values). There was a clear tendency that they were more
likely to be fully voiceless in the Eojeol initial position, compared to the Eojeol
medial position. The bimodality that Eojeol-initial tokens exhibits for voicing likely
represents that some of these Eojeol-initial tokens are AP-initial while some of them
are AP-medial. However, it was also found that Eojeol medial lenis obstruents were
sometimes fully voiceless, replicating previous findings that argued for the optionality
of voicing (Yun, 2000; Han, 2000).

For example, Yun (2000) showed that the variation of this percentage of voic-
ing variable was huge for the PW-medial lenis obstruents, and could range from 0%
(completely voiceless) to 100% (fully voiced) across places of articulations. Han (2000)
reported that one of her participants produced PW-medial lenis as fully voiced (Voic-
ing percentage = 100%) only 34% of the time. However, the same speaker produced
PW-medial lenis as at least partially voiced (i.e. in between 0% and 100%) 70% of

the time.

2.4.2 Voicing of lenis obstruent influenced by voicing of the preceding
vowel

As noted in §2.3.2, the same voicing measure was obtained from the preceding

vowel to see if the voicelessness of an Eojeol medial lenis obstruent could be attributed

to the fact that the previous vowel is devoiced (Jun, 1994).
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Fully voiced lenis obstruents
Preceding Vowel Eojeol initial FEojeol medial

Fully voiced 3,916 (94%) 16,057 (91%)
Intermediate 209 (6%) 1,625 (9%)
Fully devoiced 6 (0%) 11 (0%)
Total 4,131 17,693

Fully voiceless lenis obstruents
Preceding Vowel Eojeol initial FEojeol medial

Fully devoiced 969 (9%) 1,556 (17%)
Intermediate 6,616 (61%) 4,915 (52%)
Fully voiced 3,331 (31%) 2,931 (31%)
Total 10,916 9,402

Table 2.3: Fully voiced /voiceless lenis obstruents (N = 42,142) by Eojeol position and
by the voicing of the preceding vowel.

Table 2.3 presents the number of lenis obstruent tokens for each position in the
Eojeol (initial or medial). To simplify the description, tokens with intermediate voic-
ing values were not included, i.e., the ones with intermediate values in Figure 2.6.
These fully voiced or fully voiceless lenis obstruents are divided according to the voic-
ing status of the preceding vowel: fully voiced, intermediate or fully voiceless. Just
as lenis obstruent tokens, if the preceding vowel had a value of 0 in the proportion of
voiceless interval, it was considered as ‘Fully voiced’ and if it had a value of 1, it was
considered as ‘Fully voiceless’. All other vowel tokens were labeled as ‘Intermediate’.
The fully voiced lenis obstruent tokens are presented on the top, and the fully voice-
less lenis obstruent tokens are presented on the bottom. Rounded percentages were

calculated for each column in the sub-table and presented in parentheses.
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Figure 2.7: Waveform, spectrogram, and phone-level annotation of a PW-medial
voiced /k/ after a devoiced vowel, taken from the Seoul Corpus (Yun et al.,
2015). InputFile: s02m16f2, /k/ starts at t = 423.8264. /hakwon-i/ (‘academy-
NOM’).

The fully voiced lenis obstruents were predominantly preceded by fully voiced
vowels across Eojeol positions, and vanishingly few tokens were fully voiced after a
fully devoiced vowel (17 tokens) across the two Eojeol positions. Figure 2.7 shows
an example of such a case. After the PW-initial segment /h/, the vowel /a/ is
devoiced. Nonetheless, the subsequent /k/ is realized as voiced and reduced. While
these tokens suggest an interesting phonological interaction between vowel devoicing

and lenis voicing, I leave this topic for future studies.
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Figure 2.8: Waveform, spectrogram, and phone-level annotation of a PW-medial
voiceless /k/ after a devoiced vowel, taken from the Seoul Corpus (Yun et al.,
2015). InputFile: s01m16f2, /k/ starts at t = 167.45604. /k ike/ (‘greatly’).

In contrast, a higher proportion of lenis obstruents were fully voiceless after fully
devoiced vowels in the Eojeol medial position (17%) than in the Eojeol initial position
(9%). In other words, close to 17% of the fully voiceless Eojeol medial lenis obstruents
were predictably voiceless, due to the devoicing of the preceding vowel. An example of
such tokens is in Figure 2.8. The velar stop (highlighted) in this example is preceded

by a clearly devoiced vowel, which itself is preceded by an aspirated stop.
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Figure 2.9: Waveform, spectrogram, and phone-level annotation of a PW-medial
voiceless /k/ after a voiced vowel, taken from the Seoul Corpus (Yun et al.,
2015). InputFile: s01m16f1, /k/ starts at t = 65.52562. /apotfi-ka/ (‘fater-NOM’).

Nonetheless, there were lenis obstruents tokens that were realized as fully voiceless,
despite being preceded by a fully voiced vowel across Eojeol positions. Therefore,
there seems to be optionality in voicing lenis obstruents, even after the influence of
the preceding vowel is considered. An example of this kind of token is in Figure 2.9,
where the PW-medial lenis velar stop /k/ is completely voiceless after a fully voiced
vowel /i/.

The results here replicated the findings reported in Jun (1994), on a much larger
scale, and using data taken from a spontaneous speech corpus. However, it remains
to be seen if these exceptionally voiceless tokens are prosodically affected in other

ways than voicing. This will be addressed in §2.5.
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2.4.3 Prosodic conditioning of reduction and shortening
Now we turn to the other two phonetic measurements: CVE and duration, and

see if such exceptional tokens also exist in the distribution of these two variables.
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Figure 2.10: Histograms showing the density of the absolute value of CVE and the
log-transformed duration measured from the obstruent interval. The top row shows
the measurements from Eojeol initial position, and the bottom row shows the mea-
surements from Fojeol medial position. The columns separate out the three laryngeal
categories.

First, Figure 2.10 plots CVE (Figure 2.10a) and the duration (Figure 2.10b), for
each of the three laryngeal categories in Eojeol initial and medial positions. Notice
that the horizontal axis for CVE was flipped, so that visually the ‘stronger’ realization
of lenis obstruents (voiceless, less reduced, and longer) would be on the right end of
the continuum, like for the proportion of voiceless interval in Figure 2.6. The plots
for duration show the original values on a log-scaled horizontal axis since the raw
duration was heavily skewed.

As we’ve seen for voicing, Figure 2.10 shows that again only the distribution of
lenis obstruents changes across two Eojeol positions (top vs. bottom rows), while
the other two laryngeal categories remain unchanged. Figure 2.10 shows that lenis
obstruents in the Eojeol medial position were more reduced and shorter compared to
the ones in the Eojeol initial position, i.e. the mode of the distribution is closer to

the left of the continuum.
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As for the distribution of Eojeol initial lenis obstruents, it was not as clearly bi-
modal for CVE as it was for the duration. As with voicing, the bimodality for duration
likely represents that some of these Eojeol-initial tokens are AP-initial while some of
them are AP-medial. In contrast, as for the distribution of Eojeol medial tokens,
there is similar bimodality in voicing (Figure 2.6), but not in CVE (Figure 2.10a) or

duration (Figure 2.10b).

2.4.4 Interim summary of results

In this section, I have presented the distribution of the three phonetic variables for
each of the three laryngeal categories in the Eojeol-initial and Eojeol-medial positions.
The distributions suggest that the prosodic conditioning of voicing, reduction, and
shortening seems to be mainly restricted to the lenis obstruents since the other two
laryngeal categories remained relatively unchanged across Eojeol positions.

In §2.4.2, T have replicated the previous findings that lenis obstruent voicing is
optional even in the Eojeol medial position, which is by definition AP-medial (Jun,
1993; Han, 2000). I have also replicated that some of these seemingly optionally
voiceless tokens are predictably voiceless, due to the preceding devoiced vowels, but
also that there are Eojeol-medially fully voiceless tokens after fully voiced vowels
(Jun, 1994).

These results suggest that regarding the ‘Optionality of lenition’ research question,
while lenis obstruents are optionally voiced in the PW medial position, some of the
lack of voicing is explainable from the previous vowel devoicing. In contrast to voicing,
I have shown that optionality of reduction and shortening of lenis obstruents in the
PW-medial position is less clear since the distributions of the medial lenis obstruents
in Figure 2.10a and Figure 2.10b were not as notably bimodal, compared to the
distribution of proportion of voiceless interval of lenis obstruents in the PW-medial

position.

80



2.5 Lenition of ‘exceptional’ Eojeol medial voiceless lenis ob-

struents

This section provides statistical analysis that addresses the ‘optionality of lenition’
research question, about the optionality of reduction and shortening. The second
research question is restated in different terms, in (7).

For this research question, I test whether the Eojeol-medial lenis obstruents with
exceptional voicing differ phonetically from the Eojoel-initial tokens with the same
voicing profile, namely fully voiceless after a fully voiced vowel. Fully voiceless Eojeol-
initial lenis obstruents after a fully voiced vowel are possibly also AP-initial. On the
other hand, Eojeol-medial lenis obstruents are AP-medial, despite having the same
voicing profile.

The optional prosodic effect hypothesis predicts a null hypothesis which states
that these two groups do not differ significantly in degree of lenition. In contrast, the
obligatory prosodic effect hypothesis predicts that Eojeol-medial lenis obstruents are

more lenited than Eojeol-initial ones.

(7)  Is there a difference in degree of lenition between PW-initial and PW-medial
lenis obstruents with the same voicing profile?
a.  V |pw| Lenis|_ypice) V: PW-initial, but also possibly AP-initial
b, pw| V Lenisi_yice) V |: Exceptional PW-medial
c.  Optional prosodic effect: (a) and (b) do not differ in degree of lenition.
d. Obligatory prosodic effect: (b) is more lenited than (a) because (b) is
AP-medial PW-medial

To test these hypotheses, the data set was filtered so that it contained only the tokens
that were fully voiceless after a fully voiced vowel. These are the tokens labeled as

‘fully voiceless’ and preceded by ‘fully voiced” vowels in Table 2.3. This resulted in a
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data set of 6,262 lenis obstruents, where 3,331 tokens were in the Eojeol initial position
and 2,931 were in the Eojeol medial position (tokens like the one in Figure 2.9).

Two linear mixed-effects models were fit using the 1me4 package in R (Bates
et al., 2015): one for the degree of reduction and one for duration. The p-values were
calculated using the ‘ImerTest’ package (Kuznetsova et al., 2017). I used an alpha
level of .05 for all statistical tests.

§2.5.1 discusses other predictors included in the model. §2.5.2 explains the model
structure and the process for model selection. §2.5.3 presents the results. I show that
the ‘unpredictably voiceless’ lenis obstruents, i.e. fully voiceless Eojeol-medial lenis
obstruents preceded by a fully voiced vowel, are nonetheless reduced and shorter than
fully voiceless Eojeol-initial tokens. This suggests that unlike voicing, reduction and
shortening are not optional within the AP, and therefore the segmental realization

can reliably signal the prosodic position.

2.5.1 Predictors

The response variables were the negative Closure Velocity Extremum (henceforth
CVE), and the log-transformed duration (henceforth Dur). Negative CVE values were
used instead of the original ones so as to keep the direction of effect consistent with
Dur: lower CVE means more lenited, just as lower Dur means more lenited. The
duration variable (Dur) was log-transformed because it was heavily skewed. CVE was
included as a predictor for the model predicting Dur, and vice versa.

The prosodic position (EojeolPosition), was contrast-coded as a binary variable
with ‘Eojeol-initial’ being 0.5 and ‘Eojeol Non-initial’ (i.e., Eojeol-medial) being -0.5.
As we've seen in §2.4, I expected more lenited realization of lenis obstruents (lower
values in CVE and Dur) in Eojeol medial position.

The speaker’s gender (Gender) was contrast-coded as a binary variable with ‘fe-

male’ being 0.5 and ‘male’ being -0.5. Previous work on Korean has not specifically
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reported variation in lenis realization due to extralinguistic factors like age and sex.
It has been shown for other languages that male speakers are more likely to produce
fully voiced stops than female speakers (Swartz, 1992; Ryalls et al., 1997; Puggaard-
Rode et al., 2022). Puggaard-Rode et al. further explained that the differences due
to the speaker’s sex could be due to biological and/or sociolinguistic factors. First, it
might be due to the biological nature of males’ larger supralaryngeal cavities, which
allows for the closure voicing to last over a longer period of time (Puggaard-Rode
et al., 2022). Alternatively, this might be related to the sociolinguistic tendency that
male-gendered speakers tend to speak less carefully, which would cause the stops to be
more lenited (voiced). I expected more lenited realization of lenis obstruents (lower
values in CVE, and Dur) for male speakers based on these results.

The speech rate (SpeechRate) was measured as the number of syllables uttered per
second in the utterance that each token was taken from. Recall that the utterance-
level segmentation was provided in the corpus annotation files as pause-delimited
chunks. A higher value in this speech rate variable indicated a faster speech rate
because it indicated that the speaker uttered more syllables per second. This speech
rate variable was log-transformed. 1 expected more lenited realization of lenis obstru-
ents (lower values in CVE and Dur) in faster speech. CVE, Dur, and SpeechRate were
z-scored across speakers.

I expected the lenis obstruents to vary in their phonetic realization as a function
of the place of articulation. Place was coded as a custom-coded fixed effect term
(velar vs. others, postalveolar vs. alveolars and bilabials, and alveolars vs. bilabials).
Little work has looked at the effect of the place of articulation on the realization of
lenis obstruents partially because of the methodological obstacle of determining the
consonant boundaries. However, Lee (1995) found that in her production experiment,
the velar lenis /k/ was realized as an approximant significantly more often than the

other stops (/p, t/). Lee argued that velar lenis obstruents were more reduced because
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unlike other consonants, /k/ shares the primary articulatory gestural variable (i.e.,
Tongue body) with the flanking vowels and therefore is more likely to be affected by
articulatory gestures of the flanking vowels. There is even less work on the lenition
of postalveolar affricate, except it was previously noted that they were the least
consistently voiced within the AP (Jun, 1995).

Other than EojeolPosition, investigating the variation due to other predictors
(Gender, SpeechRate, and Place) is not the central topic of the present paper, but
these factors are included in the statistical models as controls. Interaction terms of
each of these predictors with EojeolPosition were included.

As for the random effect structure, random intercepts for Eojeol and speaker were
included, and random slopes for each of the other predictors, except Gender, were

included. The resulting model formula is in (8).

(8) Model formula predicting X. When X is CVE, Y is Dur, and vice versa.
X ~ EojeolPosition + SpeechRate + Place + Gender + Y
+ EojeolPosition:SpeechRate
+ EojeolPosition:Place
+ EojeolPosition:Gender
+ EojeolPosition:Y
+ (1|Eojeol)

+ (1|Speaker)

+ 0 + (EojeolPosition|Speaker)
+ 0 + (Place|Speaker)

+ 0 + (SpeechRate|Speaker)

+ 0 + (Y|Speaker)
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2.5.2 Model construction and selection

The CVE and Dur models were fit with the formula in (8). The models converged
with a singular fit, which can indicate the random effect structure is overly compli-
cated (Brauer & Curtin, 2018). The random effect terms were checked with ranova()
function in the lmerTest package (Kuznetsova et al., 2017), which returns likelihood
ratio tests to assess the significance of including each random effect term, compared

to a null model without any random effect terms. The results are in Table 2.4 and

Table 2.5.
Term LogLikelihood AIC  p-value
Baseline (no random effects) -7265.5 14595
(1|Eojeol) -7310.7 14683 < 0.0001 ***
(1|Speaker) -7265.5 14593  0.9991
0 + (EojeolPosition|Speaker) -7308.1 14674 < 0.0001 ***
0 + (Place|Speaker) -7289.5 14623 < 0.0001 ***
0 + (SpeechRate|Speaker) -7265.5 14593 0.9977
0 + (Y|Speaker) -7273.2 14608 < 0.0001 ***

Table 2.4: The results of ‘Ranova’ test for the CVE model

Term LogLikelihood AIC  p-value
Baseline (no random effects) -7567.9 15200
(1|Eojeol) -7613.5 15289 < 0.0001 ***
(1|Speaker) -7567.8 15198 1.0000
0 + (EojeolPosition|Speaker) -7584.5 15227 < 0.0001 ***
0 + (Place|Speaker) -7576.6 15197 0.0666 .
0 + (SpeechRate|Speaker) -7569.1 15200 0.1236
0 + (Y|Speaker) -7575.9 15214 < 0.0001 ***

Table 2.5: The results of ‘Ranova’ test for the Dur model

For the CVE model, (1|Speaker) and 0 + (SpeechRate|Speaker) did not improve
the model fit. This indicated that there were no speaker-specific difference in the CVE
on average, and no speaker-specific difference in the speech rate effect on CVE.

For the Dur model, (1|Speaker) and 0 + (SpeechRate|Speaker), as well as

(1|Speaker) and 0 + (Place|Speaker) did not improve the model fit. It indicated
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that there were no speaker-specific difference in the Dur on average, and no speaker-
specific difference in the speech rate or the place of articulation effect on Dur. These

terms were thus excluded from the final models.

2.5.3 Result

This section presents the model results. As noted before, the only relevant pre-
dictors are EojeolPosition and the interaction terms involving that predictor. In
both models, as predicted, EojeolPosition were significant (CVE model: § = 0.403,
Std. Error = 0.055, t value = 7.319, p-value < 0.0001; Dur model: # = 0.652, Std.
Error = 0.047, t value = 13.934, p-value < 0.0001). Fully voiceless Lenis obstruents
after a fully voiced vowel were less reduced and longer in the Eojeol-initial position,
compared to the Eojeol-medial position.

In what follows, the results of the interaction terms are reported. To interprete
the model results, I use partial effect plots, which show the predicted effect of varying
the predictor in the interaction on the response variable, while all other predictors are
held constant. Model predictions in the plots were computed using the fixed efffect
coeflicient estimates, and the error bars represent 95% confidence intervals. The full
results of the models are reported in §2.9.

These interaction terms were also tested with a post-hoc pairwise comparison
test using the ‘emmeans’ package (Lenth, 2018), which tested whether the difference
between the two levels of EojeolPosition was significant across different values of
the other predictor in the interaction. Estimates and standard errors of the model
predicted difference between the two levels of EojeolPosition (Eojeol Non-initial
- Eojeol Initial) are reported, while varying the other predictor in the interaction.

P-values were corrected using the Tukey Honestly Significant Difference method.
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2.5.3.1 Gender and EojeolPosition
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Figure 2.11: Partial effect plots showing estimated means of the response variables,
while varying Gender.

Post-hoc pairwise comparison results
Contrast: Eojeol Non-initial - Eojeol Initial

CVE model
Gender Estimate Standard Error zratio p-value
Male -0.550 0.0738 -7.455 < 0.0001
Female -0.255 0.0751 -3.397  0.0007
Dur model
Gender Estimate Standard Error =z ratio p-value
Male -0.706 0.059 -11.973 < 0.0001
Female -0.598 0.059 -10.116 < 0.0001

Table 2.6: Post-hoc pairwise comparison results for the interaction of Gender and
EojeolPosition. Estimates show the model predicted difference between the two
levels of EojeolPosition (Eojeol Non-initial - Eojeol Initial).

We start with Gender:EojeolPosition. A main effect of Gender was significant
in both models (CVE model: g = 0.501, Std. Error = 0.104, t value = 4.818, p-value
< 0.0001; Dur model: § = -0.217 , Std. Error = 0.0697, t value = -3.108, p-value
= 0.004) but the effects were in the opposite direction. Overall, female speakers
produced less reduced lenis obstruents but their lenis obstruents were shorter. Par-
tial effect plots in Figure 2.11 show the interaction of EojeolPosition and Gender.
Both CVE and Dur were lower in the Fojeol-medial position than in the Eojeol-initial

position, for both genders.
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This was confirmed in the post-hoc pairwise comparison tests, which are re-
ported in Table 2.6. The results show that the difference between the two levels
of EojeolPosition was significant for both genders, and the estimates show that the
Eojeol-initial lenis obstruents were less reduced and longer than the Eojeol-medial

lenis obstruents.

2.5.3.2 Speech rate and EojeolPosition
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Figure 2.12: Partial effect plots showing estimated means of the response variables,
while varying SpeechRate.

The next interaction term is SpeechRate:EojeolPosition. A main effect of
SpeechRate was significant in both models (CVE model: 5 = -0.057, Std. Error =
0.011, t value = -5.172, p-value < 0.001; Dur model: § = -0.126, Std. Error = 0.011,
t value = -10.979, p-value < 0.001) indicating that lenis obstruents were significantly
less reduced and longer in slower speech. Partial effect plots in Figure 2.12 show
the interaction of EojeolPosition and SpeechRate. Both CVE and Dur were always
lower in the Eojeol-medial position than in the Eojeol-initial position, regardless of
the speech rate.

The interaction of SpeechRate and EojeolPosition was different in the two mod-
els. In the CVE model, the difference between the two Eojeol positions was greater
when the speech rate was faster, while in the Dur model, it was greater when the

speech rate was slower. The post-hoc pairwise comparison tests are reported in Ta-
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ble 2.7. Since SpeechRate was a continuous variable, the estimates and standard
errors are reported for the two levels of EojeolPosition at the speech rate at the
5th and 95th percentiles of SpeechRate. The two percentiles were chosen to show

the effect of EojeolPosition at the two extremes of the speech rate.

Post-hoc pairwise comparison results
Contrast: Eojeol Non-initial - Fojeol Initial

CVE model
SpeechRate Estimate Standard Error zratio p-value
5th Percentile  -0.246 0.0664 -3.703  0.0002
95th Percentile -0.490 0.0662 -7.400  <.0001
Dur model
SpeechRate Estimate Standard Error =z ratio p-value
5th Percentile  -0.793 0.0607 -13.074  <.0001
95th Percentile -0.474 0.0584 -8.120 <.0001

Table 2.7: Post-hoc pairwise comparison results for the interaction of SpeechRate
and EojeolPosition. Estimates show the model predicted difference between the
two levels of EojeolPosition (Eojeol Non-initial - Eojeol Initial).

The results confirmed that difference between the Eojeol positions was significant
regardless the speech rate. The estimates indicated that in faster speech (95th Per-
centile), Eojeol-medial lenis obstruents were much more reduced than Eojeol-initial
ones, while in slower speech (5th Percentile), the difference between the two levels of
EojeolPosition was smaller. In contrast, in slower speech, Eojeol-initial lenis ob-
struents were much longer than Eojeol-medial ones, while this difference was smaller

in faster speech.

2.5.3.3 Dur/CVE and EojeolPosition

The next interaction terms are Dur:EojeolPosition and CVE:EojeolPosition,
which are in the CVE and Dur models, respectively. Main effect of Dur/CVE was
significant in the respective model (CVE model: Dur § = -0.057, Std. Error = 0.011,
t value = -5.172, p-value < 0.001; Dur model: CVE = -0.126, Std. Error = 0.011, t

value = -10.979, p-value < 0.001) indicating that these two measures are significant
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predictors of each other. Partial effect plots in Figure 2.13 show the interaction of
EojeolPosition and Dur/CVE. The interaction of CVE and EojeolPosition in the
Dur model was different from the interaction of Dur and EojeolPosition in the CVE
model. The effect of EojeolPosition on CVE and Dur was significant, regardless of
the other measure of lenition in general, except when CVE was very low in the Dur
model, the difference between the two levels of EojeolPosition was very small. On
the other hand, when Dur was high in the CVE model, the difference between the two

levels of EojeolPosition was smaller.
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Figure 2.13: Partial effect plots showing estimated means of the response variables,
while varying the other measure of lenition: Dur or CVE

This trend was confirmed in the post-hoc pairwise comparison tests, which are
reported in Table 2.8. As before, the estimates and standard errors are reported for
the two levels of EojeolPosition at the speech rate at the 5th and 95th percentiles
of Dur/CVE.

The results mirrored the interaction between SpeechRate and EojeolPosition.
In a faster speech rate, duration in general becomes shorter. This corresponds to the
case where Dur is low (5th Percentile) in the CVE model, and the difference between
the two levels of EojeolPosition was larger, as it was the case for faster speech. In a
slower speech rate, where Dur is high (95th Percentile), the difference between the two
levels of EojeolPosition was smaller, as it was the case for slower speech. Putting

these results together, in slower speech, Eojeol-initial and medial tokens are similarly
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Post-hoc pairwise comparison results
Contrast: Eojeol Non-initial - Fojeol Initial

CVE model
Dur Estimate Standard Error z ratio p-value
5th Percentile  -0.499 0.0613 -8.133  <.0001
95th Percentile -0.237 0.0756 -3.136  0.0017
Dur model
CVE Estimate Standard Error z ratio p-value
5th Percentile  -0.379 0.0655 -5.784  <.0001
95th Percentile -0.888 0.0609 -14.585 <.0001

Table 2.8: Post-hoc pairwise comparison results for the interaction of Dur and
EojeolPosition for the CVE model, and the interaction of CVE and EojeolPosition
for the Dur model. Estimates show the model predicted difference between the two
levels of EojeolPosition (Eojeol Non-initial - Eojeol Initial).

pronounced without reduction (high CVE), but they differ in duration: Eojeol-initial
tokens are longer. In faster speech, they are similarly short, but they are distinct in
degree of reduction: Eojeol-initial tokens are reduced less. The results are discussed

further in §2.6.

2.5.3.4 Place and EojeolPosition

Finally, we move onto the interaction between Place and EojeolPosition. Since
Place had multiple levels, interpreting the effects of Place would be more convenient
with the partial effect plots. Partial effect plots in Figure 2.14 show the interaction of
EojeolPosition and Place. Most importantly, in both models, Eojeol-initial lenis
obstruents were always less reduced and longer than medial ones, regardless of the
place of articulation. The only exception was the postalveolar lenis affricate in the CVE
model. Though it was not significant, the numerical trend was in the same direction
as the other places of articulation: Eojeol-medial tokens tended to be more reduced
than Eojeol-initial ones.

This was confirmed in the post-hoc pairwise comparison tests, which are reported
in Table 2.9. The effect of Place was different in the two models, as well as the

interactions. The full results are available in the Appendix in §2.9. Here, only the
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Figure 2.14: Partial effect plots showing estimated means of the response variables,
while varying Place

interaction of Place and EojeolPosition is discussed, that is, how the difference
between the two Eojeol positions varies as a function of the place of articulation.
The difference between the two Eojeol positions in CVE was the greater for velar and
bilabial stops, while it was smaller for postalveolar affricate and alveolar stops. In
contrast, the difference between the two Eojeol positions in Dur was the greater for
velar stops and postalveolar affricates, while it was smaller for alveloar and bilabial
stops. These results suggest that the effect of prosodic position on the lenition of
lenis obstruents may not be uniform across the place of articulation. However, for
the purpose of addressing the research question, the important finding is that the
Eojeol-initial lenis obstruents were almost always less reduced and longer than the
Eojeol-medial ones, regardless of the place of articulation, with the exception of the

postalveolar lenis affricate in the CVE model.

2.6 Discussion

This study investigated three prosodically conditioned phonetic properties of lenis
obstruents in spontaneous speech—voicing, reduction, and duration. There were two
research questions: (1) whether previous results finding fully voiceless PW-medial
lenis obstruents can be replicated in a spontaneous speech corpus (2) whether these

exceptionally voiceless tokens are nonetheless more reduced and shorter in comparison
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Post-hoc pairwise comparison results
Contrast: Eojeol Non-initial - Fojeol Initial

CVE model
Place Estimate Standard Error z ratio p-value
Velar -0.626 0.0586 -10.692 <.0001
Postalveolar -0.111 0.0649 -1.709  0.0874
Alveolar -0.247 0.0647 -3.822  0.0001
Bilabial -0.626 0.1032 -6.069 < 0.0001
Dur model
Place Estimate Standard Error =z ratio p-value
Velar -0.657 0.0519 -12.656  <.0001
Postalveolar -0.753 0.0593 -12.700 <.0001
Alveolar -0.574 0.0581 -9.890  <.0001
Bilabial -0.622 0.1011 -6.157  <.0001

Table 2.9: Post-hoc pairwise comparison results for the interaction of Gender and
EojeolPosition. Estimates show the model predicted difference between the two
levels of EojeolPosition (Eojeol Non-initial - Eojeol Initial).

to PW-initial lenis obstruents with the same voicing profile (fully voiceless after a fully
voiced vowel).

The results in §2.4 first showed that all three phonetic properties of lenis ob-
struents, but not for other two laryngeal categories, varied as a function of Eojeol
position: lenis obstruents were more voiced, reduced, and shorter in Eojeol-medial
position than in Eojeol-initial position. These prosodically dependent acoustic real-
izations support the view the variation in the phonetic realization of lenis obstruent
should be described in terms of ‘continuity lenition’ (Katz, 2016).

As described in §2.1, from this perspective, obstruent lenition serves the role of
signaling to the listeners that the current prosodic constituent is continuing (Harris &
Urua, 2001; Kingston, 2008; Ennever et al., 2017; Katz & Fricke, 2018). For instance,
by realizing the stop as an approximant within a word, the acoustic signal of the
word as a prosodic constituent is interrupted less, compared to the case where the
stop was produced as a stop which would necessarily introduce a closure, hence a

disruption in the intensity contour. Under this view, it is also reasonable to account
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for the results of fully voiceless lenis obstruents after a fully devoiced vowel (Jun,
1994). When the preceding vowel is devoiced, realizing the following obstruent as
voiceless disrupts signal less, and therefore being voiceless here fits the description of
the continuity lenition better, as opposed to being voiced. Replicating the findings in
Jun (1994), some of the fully voiceless lenis obstruents in the Eojeol medial position
were preceded by fully devoiced vowels (§2.4.2). On the contrary, there were indeed
vanishingly rare tokens in the corpus that were fully voiced after a fully devoiced
vowel.

As reported previously (Jun, 1994), however, not every Eojeol-medially fully voice-
less token was preceded by a devoiced vowel. The voicing of lenis obstruent was op-
tional within the Fojeol (Jun, 1994; Han, 2000), as there were fully voiceless tokens
after fully voiced vowels (§2.4.2). If the prosodically conditioned realization of lenis
obstruent is a ‘continuity lenition’, we would further expect these seemingly excep-
tional Eojeol medial lenis obstruents that are fully voiceless after fully voiced vowels
to be also lenited, compared to the tokens found in the Eojeol initial position. I found
that they were indeed more reduced and shorter compared to the fully voiceless lenis
obstruents that were also after fully voiced vowels but in the Eojeol initial position
(§2.5).

The optionality of voicing therefore does not suggest the prosodic effect is optional,
as lenis obstruents are always more lenited in the Eojeol medial position, compared
to the Eojeol initial position. In light of this non-optional lenition of lenis obstru-
ent in the prosodic medial position, we might assume that the segmental realization
as a whole reliably signals the prosodic boundary to the listener while a single pro-
cess (voicing) may be optional and unreliable. The results presented here call for
future investigation into other so-called prosodically conditioned ‘optional” segmental

processes.

94



Given the findings that the lenis obstruents are in general ‘lenited’ in the prosodic
constituent medial position, in one or more of the phonetic dimensions, it may be
reasonable to somehow combine these phonetic measurements to describe how they
vary as a function of the prosodic position. Dalcher (2007), for instance, performed
the Principal Component Analysis (PCA), which is a common dimensionality reduc-
tion technique to describe the lenition patterns in Florentine Italian. More recently,
Lee (2023) argued that the segmental realization of lenis obstruents, first measured in
terms of voicing, intensity, and duration, and then combined using the PCA, must be
considered together with the tonal transitions to reliably detect the prosodic boundary
types proposed in the K-ToBI model, highlighting the importance of the segmental
realization in marking the prosodic boundaries. These approaches suggest that listen-
ers might not track one specific dimension of the segmental realization (e.g., voicing)
but multiple phonetic dimensions can cause a percept of continuation of the current
prosodic constituent, much like the fact that the percept of pitch is much more than
just an FO value.

These results are also in line with experimental works that has shown listeners are
sensitive to such prosodically conditioned segmental realization (Cho et al., 2007; Yoo,
2020). Listeners are faster at lexical identification when the segmental realization
indicates a larger, as opposed to a smaller, prosodic boundary (Cho et al., 2007)
and they can use the segmental realization to disambiguate between sentences that
differ only in prosodic phrasing (Yoo, 2020). In particular, Yoo (2020) demonstrated
that Korean listeners pay attention to the acoustic realization of lenis obstruents in
sentence disambiguation when the audio stimuli are artificially monotonized.

The results of this study are limited in that only fully voiceless lenis obstruents
from different Eojeol positions were compared. If the fully voiced ones are included
in the data, there might be additional variation that was not revealed in the current

study. I leave this for future studies. One particular aspect of the data that needs fur-
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ther investigation is the fully voiced PW-initial lenis obstruents. They are predicted
to be AP-medial PW-initial, according to the generalization that lenis obstruents are
AP-medially voiced, but some of them might be exceptions to the generalization, i.e.,

fully voiced in the AP-initial position. In Chapter 3, I explore a subset of these cases.

2.7 Chapter summary

In conclusion, this study investigated the acoustic realization of lenis obstruents
in a Seoul Korean spontaneous speech corpus. Previous work on this topic largely
focused on voicing or duration, modulated by the speech rate and the prosodic posi-
tion. Though it has been reported that lenis obstruents also become reduced, which is
measurable as slower changes in intensity, such realization has not been investigated
in depth. The major contribution of this study is that it investigated all three of these
aspects in the acoustic realization of lenis obstruents in a spontaneous speech corpus,
which was both large in the number of investigated tokens and arguably close to
natural speech that speakers produced, compared to the data collected in production
experiments in most previous work. I argue that the prosodic conditioning of lenis
obstruent exemplifies ‘continuity lenition’, serving the role of signaling a continuation
of the prosodic constituent (Kingston, 2008; Katz & Pitzanti, 2019).

I replicated previous findings that the voicing of lenis obstruents is optionally
applied in the PW-medial position, and cannot always be predicted from the preceding
vowel devoicing (Jun, 1994). However, I also demonstrated that these exceptionally
voiceless PW-medial lenis obstruent tokens were nonetheless reduced and shorter,
compared to the PW-initial tokens, thus indicating that the prosodic conditioning of
the segmental realization might not be optional. This non-optionality suggests that
the segmental realization may prove to be a reliable cue for prosodic phrasing, and

promotes a more holistic approach for future lenition studies, as a single phonetic

96



aspect (i.e. voicing) does not provide the larger picture of prosodically conditioned

lenition.
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2.8 Supplementary materials

Two sets of supplementary material named ‘Choosing the right method and pa-
rameters to quantify the degree of reduction’ and ‘Random effects’ are available at
https://osf.io/ukh6d/7view_only=d9bda726aebe4512830c6996f2aelcae.

The same repository hosts Praat, Python, and R scripts for processing the corpus
annotation file and audio files, generating the figures used in this study. The scripts

are explained in the document titled ‘Doing phonetic research on the Seoul Corpus’.

2.9 Appendix: Model results

CVE

Predictor Variance Standard Deviation
Eojeol
(Intercept) 0.051 0.226
Speaker
EojeolPosition

Initial 0.158 0.397

Non-initial 0.067 0.259
Dur

0.005 0.074

Place

Velar 0.015 0.124

Postalveolar 0.011 0.106

Alveolar 0.022 0.150

Bilabial 0.131 0.362

Dur

Predictor Variance Standard Deviation
Eojeol
(Intercept) 0.055 0.234
Speaker
EojeolPosition

Initial 0.043 0.208

Non-initial 0.061 0.247
CVE

0.008 0.088

Table 2.10: Random effects for CVE and Dur models.
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Dependent variable:

CVE Dur

EojeolPosition (+Initial)

Place (k vs. textteshlig t p)
Place (textteshlig vs. t p)

Place (t vs. p)

SpeechRate

Gender (+Female)

Dur

CVE

Initial:Place (k vs. textteshligtp)
Initial:Place (textteshlig vs. tp) (0.069)
Initial:Place (t vs. p)
Initial:SpeechRate
Initial:Gender

Initial:Dur

0.403*** (0.055)  0.652*** (0.047)

0.008 (0.033)  —0.111"* (0.027)
0.333** (0.049)  0.294*** (0.036)
0.370** (0.071)  —0.300*** (0.052)
—0.057** (0.011)  —0.126*** (0.011)
0.501*** (0.104)  —0.217*** (0.070)
0.255*** (0.018)

0.264* (0.020)
0.007 (0.054)
0.154* (0.071)
—0.048 (0.105)
—0.098"* (0.023)
—0.064 (0.083)

0.298*** (0.052)
—0.326"
—0.379*** (0.102)
0.075*** (0.022)
—0.295*** (0.100)
—0.087*** (0.026)

Initial: CVE 0.153** (0.025)
Constant —0.023 (0.057) —0.0001 (0.037)
Observations 6,262 6,262

Log Likelihood —17,265.539 —7,578.178
Akaike Inf. Crit. 14,591.080 15,196.360
Bayesian Inf. Crit. 14,793.340 15,331.200

Note:

*p<0.1; *p<0.05; **p<0.01

Table 2.11: Full model results of CVE and Dur models. Standard Errors are in paren-
theses.
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CHAPTER 3

PROSODIC ENCODING IN SPONTANEOUS SPEECH
CORPUS: LENIS AND ASPIRATED OBSTRUENTS OF
SEOUL KOREAN

3.1 Introduction

This chapter continues to investigate phonetic correlates of prosodic constituent
junctures, i.e., the phonetic instantiation of Break Indices labels, focusing specifi-
cally on PW-initial syllables that start either with a lenis or aspirated stop/affricate
(henceforth Lenis PW and Aspirated PW, respectively) with the same spontaneous
speech corpus (Yun et al., 2015) used in the previous chapter.

Studying prosody with a spontaneous speech corpus poses several challenges. It is
most likely that the corpus is not prosodically transcribed, which is often considered
to be the essential preprocessing step before conducting a study of prosody. It also
contains unpredictable speech materials that vary tremendously, possibly containing
lots of disfluencies. This study presents a novel approach for studying prosodic junc-
tures in a spontaneous speech corpus, which may be generalized to any large corpora.
Instead of labeling the prosodic junctures first and investigating the labels, this study
parameterizes all syllables with their acoustic characteristics, which are known to
vary as a function of prosodic position, and find the prosodic juncture categories in
an unsupervised way (i.e., K-means clustering analysis). The identified juncture cat-
egories are then investigated further to see if the tokens in each juncture categories
are acoustically realized in the way they are expected, given their position in the

syntactic structure.

100



The main finding of this study is that the informativity of tonal and segmental
cues varies depending on the laryngeal category. In distinguishing prosodic juncture
categories, segmental cues are more informative for Lenis PWs, but tonal cues are
more informative for Aspirated PWs. The PWs that have the acoustic characteristics
of being phrase-medial are investigated in detail, and I show that their realization
seem to be affected by their syntactic position.

The rest of this chapter is structured as follows. The concept of Break Indices in K-
ToBI and the idea of investigating the informativity of prosodic cue in distinguishing
prosodic juncture categories are reviewed in the rest of the current section. §3.2
reviews relevant previous works and discusses the research questions. §3.3 presents
the methods. §3.4 and §3.5 discuss the main results. §3.6 provides further discussion,

and §3.7 concludes the cshapter with a summary.

3.1.1 Break Indices

In the ToBI framework, prosodic constituent boundaries are associated with Break
Indices (BI) (Silverman et al., 1992). As reviewed in Chapter 1, there are three levels
of Bls associated with three levels of prosodic constituents in the K-ToBI model
for Seoul Korean: PW, AP, and TP (Jun, 1993, 2000), as summarized in Table 1.2.
Jun (2006) has later proposed there is a prosodic constituent category above the AP
and below the IP, called the ‘intermediate phrase (ip)’. Jun (2006) argues that ip
boundaries have a BI level that is larger than 2 but smaller than 3. In addition to BI
levels of 1, 2, and 3, there is a Bl level of 0, which corresponds to syllable onsets within
a PW (i.e., PW-medial syllable), and to “cases of ‘incomplete nouns’, monosyllabic
nouns which are, though separated by spaces [in orthography|, not used by themselves
but need a modifier” (Jun, 2000). These incomplete nouns are discussed further in

§3.2.3.
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BI level Prosodic position

3 I[P-initial

2 AP-initial

1 PW-initial

0 PW non-initial / incomplete nouns

Table 3.1: Break Indices in K-ToBI. PW non-initial includes both PW medial and
PW final syllables.

The K-ToBI labeling convention manual (Jun, 2000) explains that constituent
boundaries are ‘defined in the prosodic model by tonal markings’, and these bound-
aries usually coincide with Break Indices, which are defined using ‘the labeler’s sub-
jective sense of disjuncture’. The labeler’s sense of disjuncture may depend on a
number of factors, including tonal (e.g., Steffman et al., 2022) and segmental cues
(e.g., Mitterer et al., 2021). However, in K-ToBI, the tone labels in fact are indica-
tive of prosodic boundaries, which would make the Bls completely redundant. For
example, we would know that there is an AP boundary between a pair of syllables
if the second of the two syllables is marked with the initial tone ‘L.’ and is preceded
by a syllable marked with the final tone ‘Ha’, without even needing to look at the
BI tier. Furthermore, as reviewed in Chapter 1, it has been argued that the medial
tones (‘+H’, ‘L+") are phonetically distinct from the edge tones (‘Ha’, ‘L") (e.g., Jun,
1998; Lee & Lee, 2013).

The K-ToBI manual (Jun, 2000) mentions that the BI and the tones could mis-
match sometimes which should be flagged on the BI tier with the diacritic of ‘m’
(Jun, 2000), meaning if a 2-like break does not coincide with an AP-like tone, this
BI of 2 should be marked as ‘2m’. Also, the BI tier can have a diacritic of -” which
flags the labeler’s uncertainty of the prosodic break strength. A BI of ‘2-’ therefore
is implying that the labeler knows that it is a 2-like break because of the tones, but

perceives a weaker prosodic break. The fact that the uncertainties are marked on the
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BI tier, rather than the tonal tier, implies that the tonal pattern is prioritized over
the BI.

The trend to use a set of tonal labels that mark both the tonal target and also the
prosodic constituency is prevalent in ToBI systems of other languages: ‘the BI part

of ToBI has also become less emphasized in the ToBI system’ (Jun, 2022, p. 169).

3.1.2 Distribution of prosodic juncture categories over phonetic corre-
lates

One way to make BI labels more objectively defined is to investigate how prosodic
junctures are phonetically marked in a large data set. Once the phonetic correlates for
each BI label are identified from the data set, a classificaion model may be trained to
predict for novel speech data what BI labels a listener may assign. Such a classification
model for speech perception has been implemented as a Bayesian inference model in
prior studies (Clayards et al., 2008; Norris & McQueen, 2008; Kurumada & Roettger,
2022). These works have shown that listeners are able to adapt to an unfamiliar
talker by making an inference of what the input signal could mean, essentially by
comparing the signal with the expectation they built from previous experience, and
thereby updating their expectations gradually, which can be predicted by a Bayesian
model (Kleinschmidt & Jaeger, 2015; Xie et al., 2021; Kurumada & Roettger, 2022).
These Bayesian models are closely related to distributional learning models, which
use the distribution of categories along phonetic dimensions to discover phonetic
categories (e.g., Maye et al. (2002); Feldman et al. (2009)). The Bayesian model of
speech perception constantly updates beliefs based on the new input, in the same
way that a model of learning updates the parameters so that the resulting categories
better account for the data. Just as listeners would classify a particular speech sound

as one speech category vs. another (e.g., /p/ vs. /b/), they would also classify a
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prosodic juncture between two syllables as one type vs. another (e.g., they belong to
the same AP, or separate APs).

As Xie et al. (2021) remarks, however, it is impossible to model how listeners
perceive a novel input using a Bayesian framework, without actually knowing what
the typical distribution of the categories looks like, which would be the expectation
of the listeners have built, from their previous experiences. However, there have not
been many studies that investigate what the distribution of phonetic cues to prosody
is (Xie et al., 2021). This is primarily due to the practical problem that labeling large
speech corpora with prosodic transcriptions is costly and labor-intensive.

In this study, I present an alternative approach to study BI junctures in sponta-
neous speech corpora. Instead of labeling the speech with BI labels first, and then
comparing the labels, I investigate the distribution of syllables on the phonetic cor-
relates for the prosodic boundaries, and identify the ‘prosodic juncture categories’
using K-means clustering analysis (Lee, 2023). Each syllable in the data is parame-
terized with the same set of phonetic variables, and from the acoustic space formed
by the phonetic variables, clusters are identified. The resulting clusters are the syl-
lables that have similar phonetic profiles, and therefore expected to have the same
level of BI. Specific syllables in the clusters can then be further examined to see if
they are acoustically realized in the way that they are expected, given the syntactic
relationship they have with surrounding PWs. This is analogous to a typical vowel
identification study (e.g., Klein et al., 1970). A number of vowel intervals may be
plotted on a phonetic space of formant values, from which clusters are identified using
a classification algorithm. The resulting clusters are then further examined to see if

they correspond to the expected vowel categories.
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3.2 Background
3.2.1 Detection of AP boundaries in speech corpora

Previous work has attempted to train computational models to automatically
identify prosodic constituents in speech corpora of Korean. To name a few, Jung et al.
(2007b) scored over 90% precision and recall for IP boundaries but 72% Precision 64%
recall for AP boundaries. Kim et al. (2021) used a deep learning model equipped with
rule-based features, which include part of speech taggers and common collocations,
and scored an accuracy of 93% for IP boundary detection but 70% for AP boundary
detection. One common feature of these studies is that they used syntactic features
as well as acoustic ones. For example, the fact that the nouns and the post-nominal
case markers usually form their own AP was hard-coded into these models to detect
AP boundaries. However, as mentioned above, the idea that the prosodic constituents
in Seoul Korean are marked with segmental and supra-segmental features is central
to the existing literature, and this study focuses on investigating the distribution of
the prosodic juncture categories under this assumption. Once the prosodic juncture
categories are identified, some of the categories are further studied to see if they are
acoustically realized in the way they are expected. In particular, I will focus on PW-
initial syllables that are realized with the acoustic characteristic of being AP-medial.
To preview, the results show that their acoustic realization can largely be predicted
by their syntactic position.

It is worth noting that the studies have achieved much higher detection scores
for IP boundaries than AP boundaries. Given that the models could make use of
morphological and syntactic features, it seems obvious that the IP boundaries are
found more easily, as there are distinct sentence-final morphemes in Korean, such
as the question particle or the honorific ending particle. However, the fact that the
models achieved less accuracy on the AP boundaries suggests that there is something

fundamentally difficult in detecting AP boundaries. If, for example, an AP always
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has the sequence of ‘L. +H L+ Ha’, as the prototypical AP does, then such a FO
contour can be identified in a similar way that we can identify the unit cycle from a
sinusoidal curve. However, there are several ways that an AP can surface differently,
which makes them hard to identify as a coherent category.

First, an AP can consist of one or multiple PWds, which means it can theoretically
be of any length in terms of number of syllables, though it has been reported that
most APs consist of one PWd and usually not longer than 5 syllables and around 3
syllables long on average (Kim, 2004).

Second, there are fourteen sequences of tones that an AP can be made of, which
are reported to be attested according to Jun (2000). When an AP does not start with
an Aspirated or Fortis segment, the possible tonal sequences are: ‘L Ha’, ‘L. La’, ‘L
+H Ha’, ‘L +H La’, ‘L L+ Ha’, ‘'L +H L+ Ha’, ‘L +H L+ La’. When an AP starts
with an Aspirated or Fortis segment, the initial tone of these sequences will be an
‘H’.

Third, the number of syllables and the number of tones might not always match,
since some medial syllables might not get any tones associated with them though
there are tendencies and restrictions. Usually, APs don’t get more tones than their
number of syllables, except a mono-syllabic AP can have both initial and final tones.
Also, while the middle tones ‘+H’” and ‘LL+’ are optional, the initial and the final tones
are obligatory. Kim (2004) investigated how frequently each of these patterns occurs
in two corpora. She reported out of 1541 APs that were supposed to be L-initial, 1465
were in fact L-initial (95.1% of the tokens), meaning there were some tokens that did
not had H-inducing Aspirated or Fortis as the onset, and yet had a seemingly high
FO. Out of those 1465 L-initial APs, 1201 had one of the three patterns: L Ha, L
+H Ha, and L. +H L+ Ha (82%). For these three popular AP patterns, Kim found
that there was a tendency that APs were mostly shorter than 4 syllables. Only APs

that were longer than 3 syllables had the canonical ‘. +H L+ Ha’ pattern. The most
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frequent form of AP is 3-syllable long with ‘L. Ha’ pattern, which amounted to 31%
of the entire data.

Fourth, the tonal pattern associated with the number of syllables is further affected
by other factors such as the rate of speech (Cho & Flemming, 2015) and the casualness
of speech (Yoo & Jun, 2016). Cho & Flemming (2015) reported that when speaking
at a faster rate, speakers were more likely to compress a four syllable AP with ‘L
+H L+ Ha’ as ‘L +H Ha’ and even ‘LHa’. Similarly, Yoo & Jun (2016) transcribed
647 APs from 8 different types of speech style (TV drama, free conversation, article
reading, story reading, interview, news, lecture and documentary). They found that
‘L+’ was found more often in more formal speech (‘lecture’ and ‘documentary’) as
opposed to more spontaneous speech such (‘T'V drama’ and ‘free conversation’).

Fifth, while typically each AP only dominates a single PW (Kim, 2004), Jun
(1993) found that when the first PW of an AP was under focus, the subsequent PW
was merged into the same AP. In spontaneous speech, where such focus conditions
are not controlled, there might be numerous such cases where multiple PWs form one
AP, due to this focused-induced dephrasing.

The remarkable versatility of tonal melodies of AP not only poses challenges to
the models but also causes variation among the human transcribers in their judgment
of the presence or absence of AP boundaries, as well as the exact tonal sequences.
Jun et al. (2000) collected 20 sentences from 5 sources and asked 21 transcribers who
differed in their level of expertise in transcribing K-ToBI, ranging from experts in
K-ToBI to beginners in prosodic transcription. They reported that the agreement
rate for the AP boundary type was 77.5% for all labelers, while IP boundary type
was 90.9%. While experts and non-experts did not differ in their agreement rate for
IP boundaries, the experts had a higher agreement rate for AP boundaries (81.9%)
than all labelers (77.5%). In addition, the agreement rate for all tone labels and

AP boundary location was only 52.2%, even among the expert group. The authors
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explain that the reason for this low agreement rate can be attributed to the fact that
there are multiple possible patterns within the AP (e.g. L Ha can be confounded
with L +H Ha).

These findings suggest that the AP boundaries are hard to identify with a con-
sistent set of acoustic cues. It calls into question whether the proposed acoustic cues
to AP boundaries allow for reliable differentiation between AP-initial and AP-medial

syllables. I review the acoustic cues to AP boundaries in the next section.

3.2.2 Phonetic correlates of prosodic boundaries depending on the onset
segment type

In this study, I focus on syllables with a lenis or aspirated stop/affricate onset. As
I did in Chapter 2, I use the term ‘obstruent’ to refer to stops and affricates, though
techincally the term includes fricatives (/s, s*, h/) as well. Lenis obstruents include
/k, t, p, ff/ and aspirated obstruents include /k", tb, p® 4B/

As mentioned, since APs are versatile in their tonal melodies, tonal cues may
not always be deterministic in identifying whether there is an AP-level juncture. In
addition to the tonal cues, lenis and aspirated segments exhibit variation in their
acoustic realization conditioned on whether they appear at an AP-level juncture or

not.

3.2.2.1 Syllables with a lenis obstruent onset

In terms of tonal cues, a lenis PW is AP-initial if it has an initial L. tone. The
preceding syllable is AP-final, assuming the Strict Layer Hypothesis (Selkirk, 1986),
and is most likely to bear a phrase final Ha tone (Kim, 2004). Therefore, in terms of
tones, a tonal fall from Ha to L may be associated with the AP-boundary. However,
a tonal fall also occurs within an AP, from +H to L+. In a short AP, the syllable
after +H may bear the +L tone, and phonetically have a lower FO than the preceding

syllable. In a longer AP, the syllable after +H would still have a phonetically lower
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FO, as the tone falls until the AP penultimate syllable bearing L+ tone. This is
schematized in Table 3.2.

Suppose that the task is to identify whether there is an AP-level prosodic juncture
between two PWs. The first PW spans from Syllable 1 to 2, and the second one spans
from 3 to 6. When there is an AP boundary between Syllables 2 and 3, the tonal
labels suggest that there’s a fall in FO from Syllable 2 to 3 (Row (1a)). When there
isn’t an AP boundary between Syllables 2 and 3, the tonal labels suggest that the
third syllable is unspecified for tone, which means that FO falls until it reaches the
‘L4’ target in the fifth syllable (Row (2a)). As reviewed in Chapter 1, these two
kinds of falls are distinct in phonetic outcome, that is the fall from Ha to L has been

reported to be larger and steeper (Jun, 1998; Lee & Lee, 2013).

Cue type |1 2 3 4 5 6
(la. 2 APs) Tonal L Ha |L +H L+ Ha
(1b. 2 APs) Segmental Strong
(2a. 1 AP) Tonal L +H L+ Ha
(2b. 1 AP) Segmental Weak

Table 3.2: Schematization of cases where two Lenis PWs form two APs (1), where
the AP boundary lies between the second and the third syllables and where two Lenis
PWs form a single AP (2). Expected tonal and segmental realization of syllables are
presented.

In terms of segmental cues, a lenis PW is expected to be AP-initial if the initial
segment is pronounced with a strong articulation (e.g., Jun, 1993; Cho & Keating,
2001). As shown in Chapter 2, the strength of a lenis onset can be measured using
‘CVE’ (i.e., the maximum falling velocity of intensity change from the preceding
syllable), along with other phonetic measures such as proportion of voicing (e.g., Han,
2000; Davidson, 2016, 2018), or duration (Cho & Keating, 2001). In Table 3.2, as
rows (1b) and (2b) show, the third syllable would have a more extreme value of CVE
when there is an AP boundary (1b), compared to when there isn’t (2b). As discussed

in Chapter 2, acoustic realization of lenis obstruents has been argued to be optional
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(Jun, 1994; Han, 2000), and therefore may not be the most reliable cue for the prosodic
juncture perception (Jun, 1994). However, Chapter 2 has shown that this conclusion
may be premature and misled by focusing on the phonetic measure quantifying voicing
only, while lenis obstruents also vary significantly in their intensity, as a function of

their prosodic position.

—— PWd-initial syllables only ———

100 i Strong — Rise
i BI: 3
50+ i
= |
O 1
— [0} mp—— P\ e e =
c
5 | ' : )
—501 )
_100| LENIted — Fall | Strong—Fall
Bl:1 Bl:2
-2 0 2 4 6

Segmental Cue (Lenis PCA)

Figure 3.1: Figure 2 in Lee (2023) with extra annotation labeling the name of the
clusters. See text for explanation.

Recently, Lee (2023) investigated Lenis PW initial syllables in a subset of the same
spontaneous speech corpus (Yun et al., 2015) investigated in the current study. Details
of how these cues were parameterized will be presented in §3.3. Each Lenis PW-initial
syllable in the data was parameterized with a tonal cue quantifying the pitch change
from its preceding syllable, and with a segmental cue quantifying the acoustic strength
of the lenis onset. These Lenis PW-initial syllables were then plotted in a phonetic

space defined over the segmental and tonal cues. From the distribution of Lenis
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PW-initial syllables, three clusters were identified using a simple clustering analysis,
i.e., K-means analysis. The characteristic findings of Lee (2023) are presented in
Figure 3.1. Being higher on the tonal cue dimension means that a given syllable
token has a higher FO compared to the preceding syllable (i.e., tonal rise), and being
lower means that it has a lower FO compared to the preceding syllable (i.e. tonal
fall). Being left on the segmental cue dimension means that the lenis onset of a given
syllable is acoustically weak (i.e., lenited), and being right on this dimension means
that it is acoustically strong (i.e., strong).

From the distribution of Lenis PW-initial syllables, the best number of clusters
that is justified by the data turned out to be 3, which corresponds to the three levels
of break indices that a PW-initial syllable be associated with: AP-medial PW-initial,
AP-initial, and IP-initial. Lenis PW-initial syllables in the blue cluster in Figure 3.1
had segmental cue values that indicated that they were acoustically weak or lenited
(Segmental cue below 0), and had lower FO values compared to the preceding syllable
(Tonal cue below 0). This phonetic profile would correspond to the third syllable in
rows (2a) and (2b) in Table 3.2 above. Lee (2023) predicted that they would have
BI values of 1 (PW boundary, AP-medial). This blue cluster spans wider vertically,
and there are PW-initial syllables that have a higher FO than the preceding syllable
(i.e., ‘Lenited Rise’). These tokens are overlooked in Lee (2023) as the majority of
the blue cluster tokens may be characterized as ‘Lenited Fall’.

Lenis PW-initial syllables in the yellow cluster in Figure 3.1 had segmental cue
values that indicated that they were acoustically strong, and had lower FO values
compared to the preceding syllable. This phonetic profile would correspond to the
third syllable in rows (la) and (1b) in Table 3.2 above. Lee (2023) predicted that
they would have BI values of 2 (AP boundary). If there was a difference in the size of

phonetic fall between the tokens in the blue cluster and the ones in the yellow cluster,
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the center of the yellow cluster would be located lower than the center of the blue
cluster. No such difference was visible from Figure 3.1 (Lee, 2023).

Finally, Lenis PW-initial syllables in the green cluster in Figure 3.1 had segmental
cue values that indicated that they were acoustically strong (Segmental cue above 0),
and had higher F0 values compared to the preceding syllable (Tonal cue above 0). Lee
(2023) predicted that they would have BI values of 3 (larger than AP boundary), since
a higher F0 value than a preceding syllable may be interpreted as a pitch reset (Jun,
2006), which is expected at the beginning of an ip or an IP. The strong realization of
lenis onset accompanied with a pitch reset was argued to indicate a larger prosodic
juncture, i.e., BI 3.

The findings in Lee (2023) suggest that tonal and segmental cues are both nec-
essary to find expected three prosodic junctures categories from acoustically param-
eterized tokens of Lenis PW syllables. Crucially, contrary to previous findings that
found minute tonal difference between AP-initial Lenis syllables and AP-medial Lenis
syllables (Jun, 1998; Lee & Lee, 2013), there was no indication that the two kinds of
junctures (blue and yellow in Figure 3.1) had different means in terms of the size of
FO fall.

However, Lee (2023) had some limitations, which are addressed in this study.
First, only two speakers from the corpus (Yun et al., 2015) were investigated: one
teenage female and a male in his forties since they were maximally different in terms
of their age and gender. Distributions of values shown in Figure 3.1 were largely the
same for the two speakers, but it needs to be confirmed that the same distribution
holds for the entire corpus. Second, only lenis syllables were investigated, leaving out
other laryngeal categories, e.g., aspirated obstruents. Third, more in-depth analyses
of PWs in each cluster were not provided. In particular, considering that it is typical

that each PW starts a new AP (Jun, 1993; Schafer & Jun, 2002; Kim, 2004), Lenis
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PW-initial syllables in the blue cluster deserve a closer examination because these

syllables do not seem to be AP-initial.

3.2.2.2 Syllables with an aspirated obstruent onset

Unlike initial syllables of Lenis PWs, initial syllables of Aspirated PWs are ex-
pected to be marked more distinctly by a local change in FO. To use the same
schematization as in Table 3.2, the tone on the third syllable is expected to be no-
tably high when there is an AP boundary (la), compared to when there isn’t an AP
boundary (2a). Assuming that the initial H tone can be higher than the AP-final Ha,
Aspirated PW-initial syllables that are AP-initial would have a higher FO than the
preceding syllable. In addition, another reason that the AP-initial syllable would also
be expected to have a higher FO than the preceding syllable is that it was previously
found that the final tone of the AP preceding a H initial AP may be ‘La’ (Jun, 1996;
Kim, 2004). On the other hand, when an Aspirated PW is AP-medial, F0 is expected

to be lower than the preceding syllable (2a).

Cue type |1 2 3 4 5 6
(la. 2 APs) Tonal H Ha | H L+ Ha
(Ib. 2 APs) Segmental Strong
(2a. 1 AP) Tonal H +H L+ Ha
(2b. 1 AP) Segmental Weaker

Table 3.3: Schematization of cases where two Aspirated PWs form two APs (1) and
where two Aspirated PWs form a single AP (2). AP boundary appears between the
second and the third syllables. Expected tonal and segmental realization of syllables
are presented.

Aspirated obstruents have been found to vary in their VOT and articulation
strength as a function of their prosodic position (Cho & Jun, 2000). Therefore, they
may still vary in terms of segmental realization (1b and 2b), though this variation

may be much smaller than the one observed for Lenis obstruents.
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3.2.3 When does an AP have more than one PW?

As mentioned, the default prosodic phrasing of PWs is to have each one dominated
by a single AP (Jun, 1993; Schafer & Jun, 2002; Kim, 2004). Underlying information
structure such as contrastive focus can create a longer AP dominating multiple PWs
(Jun, 1993; Schafer & Jun, 2002). Identifying the information structure of utter-
ances in a speech corpus would be as labor-intensive as labeling them with prosodic

transcription. Instead, a syntactic factor will be studied after finding the clusters of

PWe-initial syllables.

3.2.3.1 Syntactic restrictions on accentual phrasing
The influence of the syntactic structure on the prosodic structure has been noted
from the beginning of the K-ToBI model Jun (1993). In particular, Jun defines the

Accentual Phrase formation rules as in (1).

(1)  The Accentual Phrasing rules (Example (16) on p.215 in Jun (1993))

a. Every prosodic word may be an Accentual Phrase.
b. A focused word must be the left-most word in an Accentual Phrase.
c.  An Accentual Phrase can include any number of prosodic words as long
as:
(i)  the last prosodic word is not the left element of a branching con-
stituent.

(ii) all the prosodic words are not focused.

Jun (1993) shows that these rules explain the possible ways to prosodically phrase
PWs into APs for a sentence with a nested right branching syntactic structure. The
sentence in (2) is from her example (20) on p.219, which has the syntactic structure in
Figure 3.2. Note that the tree is a simplified schematization of the syntactic structure

of the sentence in (2) and hence lacks projections like TP.
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(2)  /(1)"amse-nin (2)ffakin (3)namu-ril (4)ffoahan-ta/

Sparrow-TOP small  tree-ACC  like-DECL
‘A sparrow likes a small tree’

S
/\
NP1 VP
/\
(1)"amse-nin NP2 \Y%
T |
AdjP N (4)ffoahan-ta
iy |

(2)fakin  (3)namu-ril

Figure 3.2: An example of a nested right branching structure (Example (20) on p.219
in Jun (1993), PWs are numbered by me.)

The rules in (1) predict that out of eight possible prosodic phrasings of the four
PWs in Figure 3.2, five are possible and three are impossible. Note that only non-
recursive prosodic structures are considered here, following the proposal that prosodic
structures are non-recursive in Seoul Korean (Jun, 1993, 2000). The phrasings are
listed in (3) where numbers indicate the index of the PWs (the first, second, third,

and fourth PW) and parentheses indicate AP phrasings.

(3)  (Im)possible accentual phrasings of the sentence in (2) that has a nested right

branching structure as in Figure 3.2

a.  Default prosody: (1)(2)(3)(4)
b. Al in one (e.g., Focus on (1)): (123 4)
c.  Right element tolerance:

0 (LG

(ii)  (1)(23)(4)

(iii) (1)(2 3 4)

Left element constraint:
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(i) *(12)(3)(4)
(i) *(12 3)(4)
(i) *(1 2)(3 4)

The rules in (3) predict that the first (/f?amse-nin/) and the second PW (/ffakin/)
cannot be phrased together in an AP, because the second PW is part of the left
element (NP2) of a branching constituent (VP) in Figure 3.2. This is termed ‘Left
element constraint’ in (3).

The only way that the first and the second PW can be phrased in the same AP
is if all four PWs are phrased in the same AP. This may be the prosodic structure
when the first PW is focused, which makes the following words phrased together in
the same AP as the focused PW (Jun, 1993).

On the other hand, all four phrasings are allowed with respect to the second, third
and fourth PWs because it is a left branching structure. Put differently, any one of
them can be the last in an AP since it is the right element of a branching constituent.
This is termed ‘Right element tolerance’ in (3).

While the rules in (1) make predictions about a set of possible and impossible ways
that PWs are phrased into APs, they do not make further predictions of whether a
particular phrasing is preferred or dispreferred by speakers and listeners of Seoul
Korean. For instance, while the prosodic phrasing (1)(2)(3 4) is allowed by the rules,
it mismatches with the syntactic structure in Figure 3.2 in that there is no syntactic
constituent that only includes the third and the fourth PWs. Would this mismatch
with syntactic constituency cause the prosodic phrasing (1)(2)(3 4) to be dispreferred
by speakers? In general, if PWs are in the partially left branching structure, as in the
VP in Figure 3.2, what would be the preferred way that they are phrased into APs?

In this study, I will investigate a number of such cases involving incomplete nouns.
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3.2.3.2 Incomplete nouns and Post-CP PWs

As Korean is a head-final language with the word order of ‘SOV’, all syntactic
elements that follow the first verbal predicate in the linear order are likely to be
in the right element tolerance relationship with the first verbal predicate within the
sentence. For instance, consider the syntactic construction in Figure 3.3. The first
VP is followed by a nominalizer /ko/ which originates as a head of the NP. As /ko/ is
an example of incomplete nouns, which constitute a closed set of ‘monosyllabic nouns
which are, though separated by spaces [in orthography|, not used by themselves but
need a modifier’ (Jun, 2000).

VP2

N

NP \Y

N

CP N

/N

|
TP C ko

/N

VP1 T

Figure 3.3: An example of a left branching structure.

Incomplete nouns are different from verbal suffixes that are assumed to originate
in a head position but later merged with the verb in spell-out (Yoon, 1993; Chung,
2011). While suffixes are written together with the host in the same Eojeol, these
incomplete nouns are written as an Eojeol (PW) on their own. Unlike other PWs,
however, incomplete nouns tend to have a Bl level of 0 and therefore /ko/ is expected
to be phrased together with the preceding CP. This means that the CP in Figure 3.3
and the incomplete noun /ko/ are expected to be prosodically phrased together in
the same AP.

In Korean sentences, these incomplete nouns are followed by the matrix predicates,

which are typically utterance-final in default word order. I will refer to these matrix
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predicates as ‘Post-CP PWs’ in this chapter. Right element tolerance makes a further
prediction about PWs after the CP and the incomplete noun. The matrix predicate (V
in Figure 3.3) and the NP before it (which is a CP nominalized by the incomplete noun
/ko/) are in ‘the right element tolerance’ relationship, which means that the matrix
predicate may also be contained within the same AP with the NP (i.e., (...PW /ko/
V)ap). However, unlike the incomplete nouns, it has not been investigated whether
matrix predicates after incomplete nouns are also phrased together with PWs before
them in the same AP.

In this study, some examples of incomplete nouns and Post-CP PWs will be ex-
amined in-depth, after the PW initial syllables are assigned to prosodic juncture
categories in the clustering analysis. If these incomplete nouns and Post-CP PWs are
prosodically phrased together with the preceding elements, their initial syllables are

expected to be associated with a lower level of BI, which may indicate that they are

AP-medial.

3.2.4 Research questions

There are two main research questions.

First, does the informativity of tonal and segmental cues vary by the laryngeal
category of PW-initial onset? Given the results of Lee (2023), it seems that Lenis
PW-initial syllables may be distinguished better with the segmental cue. On the other
hand, Aspirated PW-initial syllables may be distinguished better with the tonal cue.
This question is addressed in §3.4.

Second, are the incomplete nouns and Post-CP PWs acoustically realized with a
lower level of BI? In the syntactic position, both the incomplete nouns and Post-CP
PWs are in the right element tolerance relationship with the preceding PW(s). It is an

empirical question of how they are prosodified, though from their syntactic position,
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it is predicted that the initial syllables of these PWs would be acoustically weak, and

therefore associated with a lower level of BI. This question is addressed in §3.5.

3.3 Methods
3.3.1 Spontaneous speech corpus

The data come from syllables with a lenis or aspirated obstruent onset in the
Seoul Corpus (Yun et al., 2015). Utterance initial syllables were not included because
both Segmental and Tonal cues were defined as relative change from the preceding
syllable, and utterance initial syllables by definition did not have a preceding syllable.

Numbers of lenis and aspirated tokens per Eojeol position are presented in Table 3.4.

Lenis Aspirated
Initial 68,464 7,776
Medial 92,256 19,238
Total 160,720 27,014
Table 3.4: Lenis and Aspirated tokens per Eojeol position in the Seoul Corpus (Yun
et al., 2015).

After parameterization, some tokens were lost due to missing value of FO measure-
ment. This is expected since both lenis and aspirated obstruents may be pronounced
with aspiration and the subsequent vowels are heavily influenced by the aspiration
sometimes to the extent that no FO can be measured from the entire syllable interval.
Numbers of tokens that were successfully parameterized are presented in Table 3.5.
Disproportionately more Aspirated tokens were lost as FO measurement was prone to

failure for those due to aspiration.

3.3.2 Tonal cue (MAXAgg)
In order to parameterize the tonal changes between syllables, the following steps

were taken. First, for each sound file, FO was measured for every 10 ms in Praat

(Boersma & Weenink, 2023).
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Lenis Aspirated

Initial 61,981 6,711

Medial 85,760 15,736
Total 147,741 22,447
Original 160,720 27,014

Loss (%) 12,979 (8%) 4,567 (17%)
Table 3.5: Lenis and Aspirated tokens per Eojeol position after paremeterization.

Then, for every syllable interval, the mean was computed over the set of FO
measurements taken within that syllable interval. This mean value is referred to as
‘MEAN(0;)’. The mean was taken for the entire syllable interval, rather than a vowel
interval, because it was observed that the FO minimum was often located in the coda
if the syllable has one.

Once I computed the ‘MEAN(0;)’ for every syllable, it was converted to a frac-
tion of the range of FO values from the utterance that it was from, using Equa-
tion (3.1), following Lee & Lee (2013), where MIN/MAX(Utterance) means the min-
imum /maximum FO of the utterance that the syllable is taken from.

Equation (3.1) therefore put the MEAN(co;) value within the range of 0 and 1,
so that it was possible to compare between speakers of different FO range. The
normalization was done with the range of each utterance rather than with the range
of a speaker throughout the dataset so as to avoid the possibility of misanalyzing the
cases where one speaker would produce an entire utterance with a higher pitch than
the next utterance, in which case all of the syllables in the first utterance will all be

analyzed as having a high normalized F0.

' MEAN(0;) — MIN(Utterance)
MEAN Fract fR i) = 3.1
raction of Range(c) MAX(Utterance) — MIN(Utterance) (31)
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Algorithm 1 Computing MaxAg,
Ao = MEAN(0;) — MEAN(0;_1)
if Apg > 0 then > This is when the o; has a higher FO than o;_1, meaning a tonal
rise
MAX(AF()) = MAX(O'Z') — MIN(O’Z‘_l)

else > And this is when the o; has a lower FO than o;_;, meaning a tonal fall
MAX(AF()) = MIN(O’Z‘) - MAX(O'Z',l)
end if

Every syllable mean FO was then compared with the syllable that came before
it (0;_1) by subtracting ‘MEAN(0;)’ from ‘MEAN(0;_1)’, which is henceforth termed
Arg.

Therefore, if o; has a higher FO value then o;_1, this means that the tone is rising,
and the Agg value is going to be positive. On the other hand, if ¢; has a lower FO
value than o;_1, then this Apy value is going to be negative, and indicate that the
tone is falling. Apy was maximized to exaggerate the trend between the two syllables
by the procedure described in Algorithm 1. The resulting variable, MAXAgg, is how

the tonal marking was parameterized in Lee (2023), and in this study.

3.3.3 Segmental cue (CVE)

In Lee (2023), the segmental cue of lenis obstruents was parameterized using three
measurements taken over the Lenis stop closure interval that were reported to be
correlated with the lenition of stops: percentage of voiced interval Davidson (2016),
the difference between the maximum and minimum rate of change in intensity as in
Kingston (2008), and the closure duration, which was speech-rate normalized with the
method described in Yoo (2020). Following Dalcher (2007), Principal Components
Analysis was used to combine them into a single variable for comparison with the
tonal cue. The first component, which accounted for 77% of the variance in the data.
A Lenis token that was strong (voiceless, long, with abrupt change in intensity) had
a positive value of this component, whereas a Lenis token that was realized as weak

had a negative value.
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In contrast, this study will use simpler measure of CVE used in Chapter 2. As
discussed in Chapter 2, CVE is the maximum falling velocity of intensity change from
the preceding syllable. By definition, CVE is typically negative but I multiplied it
by -1 to make it positive, so that a higher value of CVE would indicate a stronger

articulation of the lenis obstruent onset.

3.4 Prosodic juncture categories: Lenis and Aspirated sylla-

bles

This section presents how Lenis and Aspirated PW-initial syllables are distributed
in the acoustic space defined over CVE and MAXAgy.

First, distributions of PW-initial and PW non-initial syllables are plotted on each
dimension. Note that both CVE and MAXApgq are meant to distinguish whether a
given syllable token has a BI level higher or equal to 2, e.g., is it AP-initial or above?
Assuming that a higher prosodic constituent properly contains a lower prosodic con-
stituent (‘Proper bracketing’ (Selkirk et al., 1982)), all PW non-initial syllables are
AP medial, but some PW-initial syllables may be AP-initial. Therefore, if a cue is in-
formative, then the distribution of PW-initial syllables should have some areas where
it does not overlap with the distribution of PW non-initial syllables. The tokens in
the overlapped area are the ones that have BI lower than 2: AP-medial, and the to-
kens of the PW-initial syllable that are not in the overlapped area may be candidates
for AP-initial syllables with BI level higher or equal to 2.

Next, PW-initial syllables are plotted on the 2-dimensional space of CVE and
MAXApg. A K-means analysis is performed to determine the best number of clusters

that accounts for the variation in the data.
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3.4.1 Lenis PW on Tonal and Segmental cues

To perform a K-means clustering analysis in 2-dimensional space, segmental and
tonal cues are both z-score transformed using ‘StandardScaler()’ in the ‘scikit-learn’
package (Pedregosa et al., 2011). Here, I first present the distribution of lenis syllables
over each dimension.

Cues are standardized within each laryngeal category: Lenis and Aspirated. Rather
than comparing tokens in terms of raw values, standardizing these cues relativizes the
tokens with respect to the mean. For instance, when comparing an Aspirated token
with another Aspirated token, both are likely to have higher CVE values in an abso-
lute sense, compared to CVE values of Lenis tokens. Standardizing within Aspirated
tokens would make a CVE value positive if it is higher than the average values that
Aspirated tokens have, and negative if it is lower than the average that Aspirated
tokens have. The plots below will use the scaled dimensions, rather than the original

ones. Results pattern the same with or without scaling.
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(a) Lenis syllables on MAXApq (b) Lenis syllables on CVE

Figure 3.4: Distribution of Lenis PW-initial and PW non-initial syllables

Figure 3.4a plots the density of Eojeol-Initial (PW-initial in blue) and Eojeol Non-

initial (PW non-initial in yellow) syllables over MAXApgy. There are two modes in
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the distribution of PW-initial and PW non-initial syllables: one on the left side of 0
and one on the right side of 0. The tokens that have values on the left side of 0 are
the ones that have lower FO values than the preceding syllable (i.e. tonal fall), and
the tokens that have values on the right side of 0 are the ones that have higher FO
values than the preceding syllable (i.e. tonal rise).

However, the distributions of PW-initial and non-initial syllables almost com-
pletely overlap, replicating results of Lee (2023). If the size of the fall is indeed a
reliable cue to distinguish an AP boundary juncture from an AP-medial fall, the left
mode of the PW-initial syllable distribution (blue) should be located to the left of
the left mode of the PW-medial syllable distribution (yellow). However, this does not
seem to be the case.

Next, Figure 3.4b plots the density of Eojeol-Initial (PW-initial in blue) and Eojeol
Non-initial (PW non-initial in yellow) syllables on CVE. Again, there are two modes
in the distribution of PW-initial syllables: one on the left side of 0 and one on the
right side of 0. The tokens that have values on the left side of 0 are the ones that
are acoustically weak, and the tokens that have values on the right side of 0 are the
ones that are acoustically strong. In contrast, there seems to be only one mode in
the distribution of PW-medial syllables: one on the left side of 0 (acoustically weak).
At least some of the PW-initial syllables on the right side of 0 are separated from the
distribution of PW non-initial syllables, suggesting that CVE is a more informative

cue than MAXApgg.

3.4.1.1 K-means analysis of Lenis PW-initial syllables

The K-means analysis on the 2 dimensional space is performed by setting the
value of K from 2 to an arbitrary number, where K is the number of clusters that
the algorithm is supposed to find. Then for each K value, a silhouette analysis is

performed, which is a commonly used metric to evaluate clustering analysis, using
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‘silhouette score()’ from the ‘scikit-learn’ package (Pedregosa et al., 2011). The
output of the silhouette analysis ranges from 1 to -1; where 1 indicates perfect sepa-
ration, 0 indicates a complete overlap, and -1 indicates complete misrepresentation of
the data. The K value that gets the highest silhouette score is therefore the number

of clusters that would best represent the data.

0.44

2 3 4 5 6
Number of Clusters

Figure 3.5: Silhouette scores for K-means analysis on Lenis PW-initial syllables,
varying K from 2 to 6.
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MAXAfgq (scaled)

CVE (scaled)

Figure 3.6: Result of K-means analysis on Lenis PW-initial syllables.

Figure 3.5 shows the result of the silhouette analysis for K values ranging from 2
to 6. The silhouette analysis indicated that the number of clusters that would best
account was 3 for the PW-initial syllables, which yielded a slightly higher silhouette
value than 4 clusters. These found clusters for the PW-initial syllables are plotted
in Figure 3.6. The resulting three clusters mirror the clusters in Figure 3.1, thus
replicating the same results in Lee (2023) with additional data. The descriptions of
each cluster are the same as ones given in §3.2.2.1. The only difference would be that

the color of clusters are different comparing Figure 3.6 with Figure 3.1.

3.4.2 Aspirated PW and Tonal and Segmental cues
Next, we move onto Aspirated PW-initial syllables. As for Lenis syllables, Fig-
ure 3.7a plots the density of Eojeol-Initial (PW-initial in blue) and Eojeol Non-initial

(PW non-initial in yellow) syllables over MAXAgq. There are two modes in the distri-
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bution of PW-initial and PW non-initial syllables corresponding to a tonal fall (left)
and a tonal rise (right). Unlike distributions of Lenis syllables, the distribution of
PWe-initial syllables does not completely overlap with that of PW-medial syllables.
While PW-initial syllables mostly have a ‘tonal rise’, PW-medial syllables seem to
equally have a tonal fall or a tonal rise. Moreover, the rise of PW-initial syllable
seems to be larger (the mode in the blue distribution is more to the right) compared
to the rise of PW-medial syllable (the mode in the yellow distribution). This suggests
that local change in FO is an informative cue for marking AP boundaries, when PW

starts with an Aspirated obstruent.
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Figure 3.7: Distribution of Aspirated PW-initial and PW non-initial syllables

On the other hand, the distributions of PW-initial and PW non-initial syllables
over CVE are completely overlapping, as shown in Figure 3.7b. This means that
PWe-initial syllables are not guaranteed to be weaker than PW-medial syllables on

average.

3.4.2.1 K-means analysis on Aspirated PW-initial syllables
The silhouette analysis in Figure 3.8 indicated that the number of clusters that

would best account was 2 for the PW-initial syllables. The found clusters for PW-
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Figure 3.8: Silhouette scores for K-means analysis on Aspirated PW-initial syllables,
varying K from 2 to 6.

initial syllables are plotted in Figure 3.9. Since the segmental cue does not participate
in clustering subcategories of the distribution of PW-initial syllables, the resulting
clusters in Figure 3.9 look the same as the two modes in one dimensional space of
MAXAFpp. Judging from the density of two clusters, it seems that most Aspirated
PWe-initial syllables were realized as AP-initial (the yellow cluster), and a smaller
subset of them had a different acoustic realization, which would be associated with a
BI level below 2 (the blue cluster).

While the expected number of Bl levels is three, the results of the K-means analysis
for Aspirated PW initial syllables indicated that there were only two clusters (tonal
rise or fall). This indicates that there may not be a reliable difference, between an
AP-initial Aspirated syllable and an Aspirated syllable at the beginning of a prosodic
constituent larger than AP, when it comes to the local change in FO from the preceding

syllable.
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Figure 3.9: Result of K-means analysis on Aspirated PW-initial syllables.

3.4.3 Summary of results

The results presented in this section address the first research question: does the
informativity of tonal and segmental cues vary by the laryngeal category of PW-initial
onset?

K-means analysis for Lenis PW-initial syllables showed that segmental realization
seemed to distinguish syllables that have a BI level higher or equal to 2, from those
that have a BI level lower than 2 (AP-medial syllables). For those that have a BI
level higher than 1, it seemed that depending on the tonal cue, there were syllables
that have a BI level higher than 2 (ip or IP-initial syllables) and ones that have a
BI level of 2 (AP-initial syllables). These results replicate the findings in Lee (2023),

with additional data from the corpus.
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On the other hand, K-means analysis for Aspirated PW-initial syllables showed
that PW-initial syllables were mostly AP-initial and these were distinguished on the
basis of the tonal cue. A smaller subset of Aspirated PW-initial syllables had a FO
value lower than the preceding syllable, which was argued to be associated with a BI
level below 2.

The results of K-means analysis indicate that the prosodic category junctures
may be phonetically encoded differently, depending on the laryngeal category of the
syllable onset. When the tonal and segmental cues are parameterized as MAXApy and
CVE, while MAXAp is informative in distinguishing AP-initial Aspirated PW-initial

syllables, CVE is informative in distinguishing AP-initial Lenis PW-initial syllables.

3.5 AP-medial-like PWs

In the previous section, I demonstrated that in both cluster analyses, one cluster
was identified as being ‘AP-medial-like’: the Lenited category for Lenis PW-initial
syllables and the Fall category for Aspirated PW-initial syllables. These PW-initial
syllables are exceptions to the trend that every PW is dominated by a single AP
(Schafer & Jun, 2002; Kim, 2004).

In what follows, these AP-medial-like categories are investigated to address the
second research question. The second research question concerns acoustic realizations
of incomplete nouns that mark the end of CPs and PWs that follow the incomplete
nouns (i.e., Post-CP PWs). As explained in §3.2.3, incomplete nouns and matrix
predicates may not start a new AP though typically each PW starts a new AP (Jun,
1993; Kim, 2004). If incomplete nouns and matrix predicates after CPs do not start
a new AP, they are likely to be found in the ‘AP-medial-like’ clusters identified by
the K-means analysis.

To preview, results presented here suggest that there may be syntactic generaliza-

tions for PWs that do not seem to start new APs. It was found that incomplete nouns
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were prosodically phrased together with preceding PWs as reported (Jun, 2000). In
addition, it was found that Post-CP PWs that follow incomplete nouns did not start
new APs either. Both incomplete nouns and Post-CP PWs are in the right element
tolerance relationship, which could explain why they are allowed to be prosodically
phrased together in the same AP. The results however further suggest that they are
not simply ‘allowed’, but may even be preferred to be prosodically phrased together
in the same AP, given that they are more frequently phrased together with the pre-
vious PW, than they are not. The results here therefore suggest that the syntactic

restriction makes a stronger prediction than previously assumed.

3.5.1 AP-medial-like Lenis PW-initial syllables

In §3.2.3, it was predicted that monosyllabic incomplete nouns would have a BI
level of 0, and phrased in the same AP with the preceding PW. Out of 61,981 Lenis
PWe-initial syllables, 23,702 (38.2%) tokens had a value of scaled CVE below 0, i.e.,
more lenited than average Lenis PW-initial syllables. These would belong to the
yellow cluster in Figure 3.6. This cluster can be further divided by the tonal cue to
‘Weak Rise’ (i.e., segmentally realized as weak and tonally a rise from the preceding
syllable) and ‘Weak Fall’ (i.e., segmentally realized as weak and tonally a fall from
the preceding syllable). The number of tokens per each subcategory and 10 most
frequent PWs with their counts are presented in Table 3.6.

Two things are very noticeable from the lists of PWs in Table 3.6. First, except
for 2 PWs, all other PWs start with /k/. This may be because /k/ is the most
frequent consonant in Korean. In Seoul Corpus (Yun et al., 2015), out of 231,626
Eojeol tokens, 49,209 (21.2%) start with /k/. In terms of PW types, out of 37,750
unique PWs, 4,909 (13%) start with /k/ Cohen Priva (2017) mentions that a high

lenition rate of /k/ may be due to its high frequency in the language (p. 581).
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Weak Rise Weak Fall

PW Meaning Count | PW Meaning Count
ko Nominal 621 ko Nominal 1,851
ke Nominal-NOM 287 ke Nominal-NOM 738
kireso  so 173 katfiko  with 452
katfiko with 113 kathin  to seem-REL 451
kinte  but 109 konin Nominal-TOP 249
kon Nominal-TOP 99 fom a little 247
kat’in  to seem-REL 96 kon Nominal-TOP 245
kos-to Nominal-even 92 ponik*a try 243
ko-nin Nominal-TOP 81 kos-to Nominal-even 234
kiron  that 75 kol Nominal-ACC 217

Table 3.6: Top 10 most frequent Lenis PWs that belonged to the Weak cluster. PWs
in the Weak Rise column had higher FO compared to the preceding syllable, PWs in
the Weak Fall column ad lower FO compared to the preceding syllable.

More interestingly, the nominalizer /ko/ with various suffixes appear in both Weak
Rise and Weak Fall clusters, as predicted in §3.2.3. Tokens of this monosyllable

incomplete noun /ko/ are examined in detail next.

3.5.1.1 Nominalizer /ko/

/ko/ appears after a predicate in the sentence to nominalize the entire CP. An
example sentence from the Seoul Corpus (Yun et al., 2015) is in (4). The entire
clause [saphway-i tfal mat-ffi anh| (‘the situation did not fit well’) was relativized
with /nin/ and nominalized with /ko/. This was the subject of the matrix predicate
/kat!/ (‘be like’). The second part of the sentence (‘(I) ended up coming back’) is
connected to the first part with the sentence final particle /so/ ‘because’. Drawing
the entire syntactic structure of this sentence would be out of scope of this study,
and not relevant for the current discussion. The important point is that /ko/ as a
nominalizer forms a constituent with the preceding clause (a nominalized CP), and
forms a left branching structure with the preceding PWs in the syntactic structure.

Therefore, the onset segment /k/ of /ko/ is expected to have a weak realization.
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(4)  saphwar-i tfal maf-ffi  anh-nin ko katPa-so, tora
Situation-NOM well fit-COMP NEG-REL NOMINAL seem-because turn
o-ke twe-s*0s*-0-jo

come-COMP become-PAST-DECL-HON
‘Because it did not seem like the situation fit well,

(I) ended up coming back.
File name: s08f16m6, time slice: 164.30452 - 167.53552 in Seoul Corpus

Out of 2,620 tokens of /ko/ in the data set, 2,472 (621 + 1851) tokens (94%) had a
weak realization of /k/ (CVE (scaled) < 0). To check the context that appears before
/ko/, for each /ko/, the PW that occurred immediately before it was retrieved from
the corpus. Table 3.7 presents the top 5 PWs which preceded /ko/ with their counts.

All of these preceding PWs end with some variation of /in/, which is a relativizer.

PW Meaning Count
kiro-n  ‘to be like that-REL’ 336
iro-n ‘to be like this-REL’ 143

is*-nin  ‘to exist-REL’ 134
katP-in  ‘to be like-REL’ 97
ffo-in ‘to be good-REL’ 95

Table 3.7: Top 5 PWs that precede /ko/ in Seoul Corpus (Yun et al., 2015)

It was further checked if /ko/ is lenited because of its syntactic position with
respect to the preceding element (i.e., right branching tolerence), rather than because
of its preceding phonological context (/n/). /k/ initial PW-initial syllables were
filtered to include only the ones that had a preceding PW that ended with /n/.
Figure 3.10 plots CVE of other PWs that had a preceding /n/-ending PW (11,382
PWs) next to CVE of PWs that start with /ko/ which followed an /n/ (6,059). These
PWs that start with /ko/ include /ko/, along with the ones with various suffixes,
as shown in Table 3.6. Figure 3.10 shows that /ko/ (orange) had lower CVE values

compared to other /k/-initial PWs (blue), when /n/ preceded.
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CVE (scaled)

e}

0 1
l.nl +/k..lor/.nl+]/ko../
Figure 3.10: CVE comparison of /k/-initial PWs and /ko/ tokens that follow a pre-

ceding PW ending with an /n/.

To test if the difference between the two means were significant, Welch’s T-test
was performed to accomodate the fact that these two have disproportionate sample
size (4,473 and 6,059). The result indicated that two means were significantly different
(t(6383.97) = 52.11, p < 0.0001). The positive sign of t-statistics value suggest that
the other /k/-initial PWs, which was the reference level, had a higher CVE value,
and therefore more acoustically more strong when /n/ preceded. The result suggests
that the incomplete noun /ko/ seems to be predominantly phrased together at least
with the immediately preceding PW into a single AP, thus having a BI level of 0, as
predicted from its position in the syntactic structure, with respect to the preceding

elements.

3.5.1.2 /ko/ + /katP.../ (‘it’s like...’)
In §3.2.3, it was also hypothesized that after /ko/, the matrix predicate may not
start a new AP either, as it is also in the right element tolerance relationship with

the preceding nominalized CP, in the syntactic structure. To test the prediction, the
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five most frequent (token-wise) PWs after /ko/ were identified. Table 3.8 presents
the result. It turns out /ko/ is frequently followed by the verb /kat®/ which varies in

different verbal suflixes.

PW Meaning Count
kat"-ajo ‘seem-DECL-HON’ 255
kat"-cjo  ‘seem-DECL-HON’ 140

katP-ko ‘seem-COMP’ 78
katP-inte ‘seem-but’ 58
katP-aso  ‘seem-because’ 36

Table 3.8: Top 5 Lenis PWs following /ko/

To test if /kat"/ and /ko/ were in the same AP, Lenis PW-initial syllables were
filtered to include only the ones that followed /ko/ in the sentence. Figure 3.11 plots
CVE of other /k/-initial PWs that followed /ko/ and CVE of PWs that start with
/kath/ which followed /ko/. These PWs that start with /kat"/ include all PWs that
vary in verbal suffixes. Figure 3.11 shows that in the sequence /ko kat"/(orange),
the initial consonant in the second PW /k/ had lower CVE values compared to other
lenis segments following /ko/ (blue). This difference was significant in Welch’s t-test
(t(97.41) = 9.48, p < 0.0001).

Out of 806 instances where /ko/ was followed by /kat".../, 605 had the initial /k/
in /kat".../ that had a CVE (scaled) value below 0. This again means that /k/ in
/kath.../ are typically realized as weak. In addition, there were also additional 1207
tokens where the initial /k/ that was not transcribed in the pronunciation tier (e.g.,
/ko atP.../) as they were barely audible. To summarize, out of 2013 instances of /ko/
+ /kat®.../, 1862 (92%) of them were either lenited or deleted. These results suggest
that the BI between /ko/ and /kat®.../ should not be higher than 2, and these two
PWs belong to the same prosodic constituent.

These results strongly suggest that speakers prefer to prosodically phrase the

incomplete noun /ko/ and the matrix predicate /kat".../ together in the same AP.
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/kol + /k.../ or /ko/ + /kath.../

Figure 3.11: CVE comparison of other /k/-initial PWs and /kat®.../ tokens when the
preceding PW was /ko/.

Though the syntactic structure of these PWs may not necessitate that they are prosod-
ically phrased together, at least in a spontaneous speech, the syntactic structure seems

to have a strong influence on how these PWs are prosodically phrased.

3.5.2 AP-medial-like Aspirated PW-initial syllables

The results of K-means analysis for Aspirated PW-initial syllables indicated that
most Aspirated PW-initial syllables had a higher FO than the preceding syllable, while
a small subset had a lower FO than the preceding syllable. The latter cluster (blue in
Figure 3.9) will be referred to as AP-medial-like. Out of 6,711 Aspirated PW-initial

syllables, 1,672 tokens (25%) tokens had a value of scaled MAXApq value below 0.

3.5.2.1 /-1/ + /tPente/ (Conditional ending)
One of the PWs in this AP-medial-like cluster is /tPente/. This PW is chosen
to be investigated further as it is a sister to a CP in the syntactic structure, just

as the Lenis PW /ko/ is. Following Kwon (2013), I gloss it as ‘Conditional ending’
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(COND.END). An example sentence from the Seoul Corpus (Yun et al., 2015) is
in (5). The first part of the sentence ends with /t"ente/ ‘Conditional ending’, which
takes the clause ending with /1/ (‘Modal’): ‘Even the box price is some hundred Won’.
/thente/ adds the conditional meaning, translated as ‘would be’ in (5), to this clause
(Kwon, 2013). As /tRente/ follows a CP, it is potentially prosodically phrased with
the preceding PW in the same AP, as it is in the right element tolerance relationship

with the preceding CP.

(5)  paksi kakjok-to mjotf® pek-won ha-1 thente, iltan-in
Box price-even some hundred-Won be-MOD COND.END, now-TOP
inkonpi-ni mwo-ni ha-mjon-in toktfa~tfjo

cost of labor-or something-or be-COND-TOP deficit-DECL.HON

‘Even the box price would be some hundred Won (Korean currency),
now if you count cost of labor or something, (the business) is in the red.

File name: s25m32f6, time slice: 189.56537 - 193.33685 in Seoul Corpus

1.5

1.0

0.5

MAXArq (scaled)

1

0
[..\[+ /th..[or/.]ll+ /thente/

Figure 3.12: MAXApy comparison of t® PWs and /tPente/ tokens that follow a pre-
ceding PW ending with an /1/.
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To test if /t"ente/ was prosodically phrased together with the preceding PW
ending with /1/ (‘Modal’) in the same AP, /t"/-initial PWs were filtered to include
only the ones that had a preceding PW ending with an /1/. Figure 3.12 plots MAXAg
of /t"/-initial PWs that followed /1/ and MAXApq of /t"ente/. Tt is clear that in the
sequence /1 thente/ (orange), the initial syllable /t"en/ had a lower FO compared to
the preceding syllable, and this tonal fall pattern is clearly different from other PWs
starting with a /t"/ following /1/ (blue). This difference was significant in Welch’s
t-test (£(92.06) = 4.01, p < 0.001). The tonal profile of /t"ente/ suggests that this
Post-CP PW is likely to belong to the same prosodic constituent as the preceding

PW, as it is expected from its syntactic position.

3.5.3 Summary of results

The results in this section address the second research question: are the incom-
plete nouns and Post-CP PWs acoustically realized with a lower level of BI? Lenis
and aspirated stops at the beginning of these PWs are predicted to be acoustically
realized as AP-medial since they are allowed to be prosodically phrased together with
the preceding PWs, according to the Accentual Phrasing rules (Jun, 1993). According
to the rule in (1) if a PW is not the left element of a branching syntactic constituent,
it can be prosodically phrased together in the same AP with the preceding PW. In-
complete nouns and PWs that follow CPs are not the left element of a branching
syntactic constituent and they are therefore allowed to be prosodically phrased to-
gether with the preceding PW, according to the rule (c-i) in (1). However, it has not
been investigated explicitly whether they are indeed consistently prosodically phrased
together with the preceding PW from a spontaneous speech corpus.

Two PWs with a Lenis PW-initial syllable (/ko/ and /kat"/) and one PW with
an Aspirated PW-initial syllable (/t"ente/) were investigated. These were identified

to be an incomplete noun (/ko/), or PWs that can be sister of a CP (/kat®/ and
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/thente/). The results showed these PWs had significantly weaker or AP-medial-like
acoustic realization, compared to other PWs in the same phonological context.

These results indicate that their acoustically weak and prosodic phrase medial
realization supports the syntax-prosody mapping generalization in (1). While the
generalization states that these PWs that are not the left element of a branching
syntactic constituent are ‘allowed’” to be prosodically phrased together, the results
suggest that they may in fact be preferred to be prosodically phrased together with
the preceding PW. This challenges the expectation that every PW starts a new AP
(Schafer & Jun, 2002; Kim, 2004), and therefore suggests that the syntactic structure
may have a stronger influence on prosodic phrasing than previously assumed. How-
ever, it is also important to note that these Post-CP PWs are crucially not required
to be prosodically phrased together with the preceding PWs. For instance, out of 806
instances of /ko/ + /kat".../, 75% of them (605) were prosodically phrased together,
but 25% of them were not.

In general, these results call for further investigations on how syntactic structure

variably affects prosodic phrasing. I leave this for future work.

3.6 Discussion

Before concluding the chapter, two remaining issues about Lenis PW-initial syl-
lables are addressed.

First, the results in the previous section suggested that the PWs after CP exhibited
phonetic realization that would correspond to BI level below 2 unlike other PW-
initial syllables. However, it needs to be further checked whether there is a reliable
accompanying tonal evidence that suggests that there is no AP-boundary. I present
an example where there seems to be a tonal evidence that there is an AP boundary
before the Post-CP PW, and yet the Post-CP PW seems to be prosodically phrased

together with the preceding PW, based on the segmental realization.
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Second, a smaller subset of Lenis PW-initial syllables had an FO higher than the

preceding syllable. These syllables were investigated in further detail.

3.6.1 Prosodic structure of Post-CP PW

In §3.2.3.1, I have shown that Post-CP PWs (e.g., /kat"/) were diagnosed to be
prosodically phrased together with the preceding PW, considering that they have a
weak realization of the initial lenis consonant. In the case of /kat"/, in particular, its
preceding PW tends to be /ko/, which happens to be prosodically phrased with the
preceding PW as well. Consequently, the resulting AP is predicted to be quite long:
[[[CP] ko| kat™...].

I show an example where the Post-CP PW is prosodically phrased together with
the preceding PW, but there is a tonal evidence that suggests that there is an AP
boundary before the Post-CP PW. (6) is an example of such a construction identified
from the corpus (Yun et al., 2015) The waveform and spectrogram of the production

of this sentence is presented in Figure 3.13.

(6) iron kPeisi-nin kwentfanhi ffoh-in ko kat"-e-jo
this case-TOP extremely be good-REL NOMINAL seem-DECL-HON

‘It seems that this kind of case is extremely good.’

File name: s36m43m6, time slice: 350.51186 - 352.67951 in Seoul Corpus
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Figure 3.13: Waveform, spectrogram and TextGrid for the sentence in (6).

I will focus on the phrasing of the last three PWs tfoh-in ko kat"-e-jo. From the
waveform and spectrogram, the first two PWs seem to be phrased together, which
may be annotated as having ‘L ... Ha’ tones for the three syllables [tfo.in.ko|, where
the second syllable /in/ is not specified for tone. Note that the underlying /h/ is
not pronounced in the pronunciation due to AP-medial /h/ deletion. The Ha tone
on /ko/ seems to be as high as the Ha tone at the end of kwentfanhi (‘extremely’)
(circled on Figure 3.13), and therefore do not seem to be the AP-medial +H tone.
This H tone cannot be interpreted as a phrase-medial +H tone, since if it was, it
would be expected to align with the second syllable /in/, not the third syllable /ko/.
Therefore, the fall from H on /ko/ to the L target at the beginning of /kat"ejo/ seem
like it should be labeled as an AP-boundary juncture. However, as the waveform and
the spectrogram show (boxed on Figure 3.13), there is no sign that /kat"ejo/ and at
least the preceding PW /ko/ belong to different ‘chunks’, considering that the initial

segment of /katPejo/ is so lenited that there is hardly any consonantal friction.
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tfoin ko katPajo

Figure 3.14: Prosodic structures for the utterance in Figure 3.13 that obey the Strict
Layer Hypothesis

IP /IP\
ip/\aP AP AP
- | TS

AP PW

AP AP PW
N | P@W katbaj
PW PW kathajo abajo

.
ffoin ko foin ko

% . (b) *Non-recursivity (Baek & Yun, 2018;
(a) *Exhaustivity (Jun, 2011) Lee, 2022)

Figure 3.15: Alternative prosodic structures for the utterance in Figure 3.13 that
violate the Strict Layer Hypothesis.

In a prosodic structure that fully obeys the Strict Layer Hypothesis (Selkirk, 1986),
it is always true that immediately following an end of an AP, there is a beginning
of the next AP. A schematic representation of the prosodic structure of (6) is in
Figure 3.14. In this structure, the Post-CP PW /katlejo/ is phrased as an AP, as
it follows an AP-final Ha tone, though it does not have an acoustic realization of an
AP-initial syllable. This syllable therefore may be labeled as with a BI level of ‘2-’
(‘2-like break because of the tones, but a weaker prosodic break’ (Jun, 2000)). If this
utterance (Figure 3.13) is analyzed to have the structure in Figure 3.14, it becomes
a clear exception to the generalization that AP-initial lenis obstruent is not lenited.

One way to structurally represent the pattern in Figure 3.13, without allowing for

an exception that an AP-initial lenis obstruent may be lenited, is to assume that the
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Strict Layer Hypothesis (Selkirk, 1986) is not always obeyed. I consider two proposals
for the intonational model of Seoul Korean that allow violation of the Strict Layer
Hypothesis: a deformed AP proposal (Jun, 2011) which violates Exhaustivity, and a
recursive AP proposal (Baek & Yun, 2018; Lee, 2022) which violates Non-recursivity.

The deformed ap structure was first proposed in Jun (2011) to account for pitch
range reduction both before and after the focused AP. Jun (2011) showed that in
addition to the post-focal dephrasing which was previously reported in Seoul Korean
(e.g., Jun, 1993; Schafer & Jun, 2002), there seemed to be also post-focal pitch range
reduction, when an IP-medial PW was under focus. Jun formalized this with the
deformed AP (ap), and assumed that this is directly dominated by the IP, skipping
ip, since it does not show the typical ip-final phrase tone (‘H-’). In this proposal,
the post-focal PW is dominated by the ip, as a sister to the prominent AP, while
the pre-focal PW is directly dominated by the highest IP, violating the Exhaustivity
constraint (Selkirk, 1996).

While the deformed ap structure was originally proposed to account for dephrasing
due to focus prosody, the same idea may be adopted to account for the pattern in
Figure 3.13. This is represented in Figure 3.15a. In this structure, the initial syllable
of the Post-CP PW is ap-initial, and being initial of a deformed AP justifies its weaker
realization. It also follows an ip-final syllable /ko/ which has a phrase-final H- tone.
The large tonal fall in Figure 3.13 may therefore be justified (ip-final H- to ap-initial
L). It is directly dominated by the IP node, skipping ip and violating Exhaustivity,
and this reflects the intuition that this PW does not start a new prosodic constituent
larger than a PW.

Alternatively, instead of increasing the number of prosodic categories, another
widely adopted alternative in the literature (e.g., Ito & Mester, 2012) is to allow the
recursion of the existing category, violating the Non-recursivity constraint (Selkirk,

1996). In Korean, Baek & Yun (2018) and Lee (2022) proposed the recursion of AP to
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derive the prosodic structure of relative clauses more transparently from the syntactic
structure.

Assuming that the Post-CP PW occupies a high position in the syntactic structure,
and is in a right element tolerance relationship with the preceding clause, a prosodic
structure like that in Figure 3.15b may be posited. In this structure, the initial
syllable of /kat"ejo/ is AP-medial, and its weak realization is justified. However,
to make sense of the large fall from /ko/ to /katlejo/ shown in Figure 3.13, there
needs to be additional assumptions made about how this recursive structure is tonally
implemented. This has not been studied in previous works, and is not attempted in
the current study either.

In short, while Post-CP PW /kat".../ exhibited acoustic characteristics of a low
BI, an actual instance of the PW exhibited inconsistent tonal evidence that it may
not initiate a new AP. This is a problem for a prosodic structure that fully obeys the
Strict Layer Hypothesis, in the sense that it breaks the generalization that AP-initial
lenis obstruents are acoustically strong. To rescue the generalization, alternative
prosodic structure that violates the assumptions of the Strict Layer Hypothesis may
be considered. I sketched two proposals here, one that introduces additional level of

prosodic constituent labels (ap and ip), and one that makes use of prosodic recursion.

3.6.2 Weak Rise Lenis PW: Post /an/ (NEG) lenition

Finally, I will explore a small subset of PW-initial weak Lenis tokens with a higher
FO than the preceding syllable (i.e., Weak Rise tokens). Typically, Lenis PW-initial
syllables have a lower FO than the preceding syllable if that PW is AP-medial (e.g., the
onset of the second PW in [[L +H|pw]|... L+ Ha|pw]|ap). Lenis PW-initial syllables
with a weak realization can only have a higher FO (i.e., Weak Rise) in two cases.
First, if the Lenis PW is monosyllabic and it is at the end of an AP, it bears a phrase

final Ha tone, and thus has a higher FO compared to the preceding syllable. Second,
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if the Lenis PW is preceded by a monosyllabic PW and this Lenis PW is the second
PW in the AP, the initial syllable of this Lenis PW bears a phrase medial +H tone,
and thus has a higher FO compared to the preceding syllable.

Out of 23,702 total Weak Lenis PW-initial syllables, 6,483 were considered to be
Weak Rise Lenis PW-initial syllables. 638 out of these 6,483 tokens were preceded

by a monosyllabic PW /an/ (NEG). An example sentence of /an/ is given in (7).

(7)  kironik*a an  pis*ata-ko sepgkakhe-so

So NEG be expensive-COMP think-because
‘So since I think it is not expensive...’

File name: s26£32f6, time slice: 91.31182 - 92.656395 in Seoul Corpus

/an/ precedes any predicate in the sentence to negate it. In previous works, /an/
has been described as a verbal prefix by some authors (e.g., Kim, 1999), and the
negated verb as a lexical item is inserted in the syntactic structure. Sells (2015)
argued against this claim by showing that /an/ can be ambiguous in its scope when
it modifies a verbal complex (verb + causative). Sells (2015) illustrated this point
with the following example (originally from Whitman (2005, 886)) in (8). The words

are transcribed into IPA by me.

(8)  omoni-k*eso t*al-il an  mok-ke ha-[i-os*-ta

mother-HON.NOM daughter-ACC NEG eat-COMP do-HON-PAST-DECI
a. ‘Mother did not make the child eat.’

b. ‘Mother made the child not eat.’

The sentence in (8) is ambiguous, depending on whether /an/ modifies the entire
complex ([an [mok-ke ha...|]]) which corresponds to the first meaning in (a) or just
the complement verb ([[an mok-ke| ha|), which corresponds to the second meaning in

(b) (Sells, 2015). Sells (2015) argued that if /an/ is a prefix at the lexical level, it is
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hard to explain why in the first meaning, it seems to negate the second verb (/ha/

‘do (causative)’) though it does not immediately precede it (p.217).

v

N

Neg \Y

an VERB

Figure 3.16: Complex head consisting of /an/ and the verb, proposed in Sells (2015)

Instead, Sells (2015) claimed that /an/ and the following predicate form a complex
head consisting of two heads, as in Figure 3.16. The scopic ambiguity of /an/ and a

complex verb then would be represented as in Figure 3.17.

\Y% \Y%
T PN
Neg V \Y \Y%
| N SN
an \Y% V Neg \Y ha
| | |
mokke ha an  mokke
(a) ‘did not make (the child) eat’ (b) ‘made (the child) not eat’

Figure 3.17: Structural representation of scopal ambiguity of /an/ and verbal complex

in (8)

Though Sells (2015) did not discuss the prosodic phrasing of the verbal complex,
it is expected that the two meanings in (8) are prosodically phrased differently, as
they have different syntactic structures. In the left structure, /an/ and the first verb
/mok-ke/ are in the left element constraint relationship, meaning /an/ and the first
verb are less likely to be phrased together. On the other hand, in the right structure,
/an/ and the first verb /mok-ke/ are allowed to be prosodically phrased together.
Unfortunately, it seems that the Seoul Corpus does not have any instances where
/an/ exhibits this particular scopic ambiguity and therefore testing this prediction

awaits further studies. In Chapter 4, I will present a similar case of scopal ambiguity
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involving a polysemous word /kiman/ (‘stop’/‘start’), and show how the syntactic

structure affects the prosodic phrasing of PWs.

3.7 Chapter summary

To conclude the chapter, this study presents a novel way of investigating prosody
in spontaneous speech corpus. The syllables in the spontaneous speech corpus were
parameterized in terms of tonal and segmental cues. The tonal cue was operational-
ized as relative pitch difference with respect to the preceding syllable (MAXAgy), and
the segmental cue was operationalized as the velocity of intensity change, compared
to the preceding syllable (CVE). From PW-initial syllables parameterized with these
cues, prosodic juncture categories that may be interpreted as different Break Indicies
values are identified using a K-means analysis. The results indicated that the type
of phonetic cue that was informative in identifying the prosodic juncture categories
varied by the laryngeal category of the syllable onset. While the segmental cue was
informative for Lenis, the tonal cue was informative for Aspirated. These results are
unexpected given the emphasis that the prosodic boundaries are tonally delimited in
Seoul Korean (Jun, 1993, 2000) and that segmental variation of lenis obstruents is
unreliable due to its optionality (Jun, 1994).

PW-initial syllables that had acoustic characterization of being phrase-medial (BI
< 2) were investigated further. It was found that a majority of these tokens were
incomplete nouns and PWs that are sister to CPs, which are expected to be phrased
together with the preceding PWs, given their syntactic position (Jun, 1993).

Further examination of a post-CP Lenis PW /kat.../ has revealed that a Lenis
PW may follow an AP-final syllable and yet not start a new AP, which follows from
the tonal and segmental profile of some of the initial syllables of /kat".../. Instead

of arguing that these are AP-initial syllables that are exceptionally voiced, I have
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sketched alternative prosodic structures that do not need to make exceptions to the
generalization.

Finally, Lenis PWs that follow a monosyllabic PW /an/ (‘NEG’) were discussed.
The weak realization of lenis following /an/ supported the claim that /an/ forms a
complex verbal head with the following verb (Sells, 2015).

The results of this study assume that when a PW-initial syllable exhibit the same
acoustic profile as a PW-medial syllable, it is not perceived as starting a new prosodic
constituent above the level of PW (AP). However, it needs to be empirically tested
how listeners process the prosodic structure of cases where the tonal cue suggests
a prosodic break, while the segmental cue does not, as in Figure 3.13. In order to
test this empirically, a carefully designed perception experiment is in order. One way
to test how listeners process the prosodic structure is to test how they behave in
a prosodic disambiguation experiment, involving a pair of syntactically ambiguous
sentences that differ in their prosodic phrasing. The next chapter presents such a

case in Seoul Korean, which involves a polysemous word /kiman,/ (‘stop’/‘start’).
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CHAPTER 4

A CASE STUDY ON SYNTAX, PROSODY, AND
SYNTAX-PROSODY MAPPING OF KEUMAN + VERB IN
SEOUL KOREAN

4.1 Introduction

This chapter presents a case study on a less-studied pair of syntactically ambiguous
sentences in Korean, which can be disambiguated by prosodic phrasing. It involves a
polysemous adverb keuman /kiman/, which can mean either ‘stop Verb-ing’ or ‘start
Verb-ing’, when it is immediately followed by a verb (henceforth the /kiman/ + Verb
construction) (Noh, 1983; Gim, 2004; Kim & Jeong, 2019; Tan, 2023). The rest of
this dissertation presents a production (see Chapter 5) and perception experiment (see
Chapter 6) using this pair of sentences to investigate the role of segmental realization
of lenis obstruents in prosody-syntax mapping in Seoul Korean. Before presenting
these experiments, this chapter lays the groundwork for the rest of the dissertation
by providing a preliminary analysis of the syntactic and prosodic structures of the
/kiman/ + Verb construction, as well as how these prosodic structures are mapped
from the syntactic structures.

To investigate how prosodic structure is computed from the acoustic signal, and
how such computation affects the parsing of syntactic structure, this dissertation uses
a method referred to as ‘prosodic disambiguation experiments’ (see §1.3.3 for a review
of the method).

As reviewed in Chapter 1, there are several experimental ways to investigate how
listeners compute prosodic phrasing of an acoustic signal. One popular and arguably

the most direct way is to ask listeners to label the acoustic signal using a prosodic
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transcription system, e.g., ToBI. Prosodic transcription labels, especially the tonal
labels, often carry information about the prosodic structure, which includes the lo-
cation and the size of prosodic boundaries (e.g., in K-ToBI (Jun, 2000), ‘Ha’ marks
both the high F0 target and that there is an AP boundary). However, this method
has the shortcomings discussed in §1.3.1. To briefly introduce one of the shortcomings
without repeating the whole discussion, prosodic transcription necessarily relies on
transcribers’ subjective judgments of prosodic boundaries which may not always be
totally independent of the syntactic structure of the sentence.

Instead, prosodic disambiguation experiments are based on the reasonable premise
that listeners’ ultimate goal is to understand the meaning of the sentence, and com-
putation of prosodic structure is a means to achieve this goal. In a prosodic dis-
ambiguation experiment, listeners are presented with sequences of words that are
ambiguous between two meanings, but can be disambiguated by their difference in
prosodic structure. Assuming each meaning corresponds to a distinct syntactic struc-
ture, this means the same sequence of words have two distinct syntactic structures,
which then map onto two distinct prosodic structures. Using this paradigm, experi-
menters can manipulate acoustic cues (e.g., FO contour or realization of word-initial
segments) in experimental stimuli. Depending on listeners’ responses, we can learn
about acoustic cues listeners rely on when they compute the prosodic structure of the
sentence to disambiguate the meanings.

In Chapter 1, I have reviewed an example of a prosodically disambiguated syntac-
tic ambiguity in Korean, i.e., the WH/Yes-No question ambiguity (Jun & Oh, 1996;
Yun & Lee, 2022; Farinella & Lee, 2024). To briefly recapitulate, the sentence in
(1) (taken from (3) on p. 42 in Jun & Oh (1996)) can be interpreted as either a
WH question or a polar question, depending on the prosodic phrasing. Jun & Oh
(1996) argued the indefinite pronoun (/ontfe/ ‘any time’ in (1a)) and the verb phrase

(/otficowo-jo/) form separate APs in a Yes-No question, while the WH word (/ontfe/
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‘when’ in (1b)) and the verb phrase (/offirowo-jo/) form a single AP (Jun & Oh,

1996) in a WH question.

(1)  /affumoni-nin ontfe off icowo-jo?/

madam-TOP when/any time be dizzy-HON

a. Yes-No question: Is there any time that you feel dizzy, madam?

b.  WH question: When do you feel dizzy, madam?

(3) on p. 42 in Jun & Oh (1996)

The two sentence meanings (WH or Yes-no question) are distinguished by two prosodic
factors: whether there is a prosodic boundary between the WH-word and the verb
phrase and the type of boundary tone on the sentence-final syllable. When there is a
prosodic boundary between the WH-word and the verb phrase, and the sentence-final
syllable has an H% boundary tone, the sentence is interpreted as a Yes-No question.
When there is no prosodic boundary between the WH-word and the verb phrase, and
the sentence-final syllable has an LH% boundary tone, the sentence is interpreted as
a WH question. As reviewed in Chapter 1, previous studies have shown that listeners
can use acoustic cues such as the FO transition between the WH-word and the verb
phrase (Jun & Oh, 1996; Yun & Lee, 2022), and the segmental realization of the
verb-initial lenis stop (Farinella & Lee, 2024) to disambiguate the two meanings.
However, these studies have the following three limitations. First, while it has
been shown that WH-question and Yes-No question meanings can be disambiguated
by prosody, why this is so is not fully worked out. Specifically, it is not clear why the
verb phrase does not start a new AP in a WH question but does in a Yes-No question.
Second, both Yun & Lee (2022) and Farinella & Lee (2024) have shown that listeners
are more biased towards interpreting the sequence of WH-word and verb phrase as
a WH question, when the acoustic signal has been manipulated so that the prosodic

phrasing is made more ambiguous. In other words, listeners showed variable responses

151



for the same acoustic signal rather than choosing one of the two meanings 100% of the
time for a given acoustic signal. However, it is left unexplained why this is so and what
derives this variation. Finally, from the experiment design perspective, it is hard to
make a minimal set of experimental conditions for WH/Yes-No question ambiguity
as there are two independent factors that can affect listeners’ responses: prosodic
phrasing and boundary tone. For the purpose of this dissertation, it is desirable to
have a case where the two meanings are disambiguated by a single prosodic factor,
i.e., prosodic phrasing. This third reason is the main reason why I do not pursue the
WH /Yes-No question ambiguity in this dissertation, even though it is a well-studied
case of prosodically disambiguated syntactic ambiguity in Korean. Instead, in the
rest of this dissertation, I investigate a less studied pair of syntactically ambiguous
sentences in Korean which can be disambiguated by prosodic phrasing only, and in
so doing, address the first two limitations.

This pair of sentences involves a polysemous adverb /kiman/. When /kiman/
is immediately followed by a verb, the sentence can either mean ‘stop Verb-ing’ or
‘start Verb-ing’, depending on the prosodic phrasing (Noh, 1983; Gim, 2004; Tan,
2023). For example, the sentence in (2) is grammatical in both contexts in (2a) and
(2b). I will refer to /kiman/ spoken in these two contexts as kiman,, and kimang,,

respectively.

(2)  /kiman pul-mjon  tfoh-kes*-ta/

up to that degree/amount blow-COND be good-FUT-DECL

a. Grammatical in a context where a child has been blowing something,
e.g., a balloon, to the extent that the balloon is about to pop (i.e., ‘stop
blowing’)

b. Grammatical in a context where a child has not been blowing balloons,
though the child has been asked to do so, and the speaker wants to say

that it is about time to blow them (i.e., ‘start blowing’)
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While the ambiguity of /kiman/ has been documented in the Korean linguistics liter-
ature (Noh, 1983; Gim, 2004; Kim & Jeong, 2019; Tan, 2023), the focus of these works
has been providing descriptive accounts of the syntactic and semantic properties of
this adverb. Gim (2004) is the only study that mentions that the two meanings can
be disambiguated by prosody but does not provide any further analysis of how the
prosodic structures differ, and whether native listeners can use the acoustic difference
to disambiguate the two meanings. The key observation in Gim (2004) is that when
/kiman/ is used with the ‘stop’ meaning, it is pronounced together with the following
verb without a prosodic juncture, while when it is used with the ‘start’ meaning,
there is a prosodic juncture between /kiman/ and the following verb.

It is important to note early in this chapter that working out details of syntax
and semantic properties of /kiman/ is outside the scope of this dissertation. Instead,
this chapter has three goals. In pursuing these three goals, I address the gaps left in
the previous literature on WH/Yes-No question ambiguity in Korean: (i) why there
may be a variation in prosodic phrasing of a given syntactic structure and (ii) why
two meanings of the same sequence of words exhibit different prosodic phrasings.

First, based on previous studies of /kiman/, I propose a preliminary analysis of
the syntactic structures of the two /kiman/ sentences. I will argue that the /kiman/
+ Verb construction exhibits syntactic and semantic similarities to two well-studied
cases of syntactic ambiguity: the verbal/sentential LE particle in Mandarin Chinese
(Soh, 2009; Wang, 2018), and the clausal/manner adverb in languages including En-
glish (Ernst, 2002; Keizer, 2018; Kojadinovi¢, 2022), Japanese (Kubota, 2015), and
Hungarian (Egedi, 2009).

Second, based on Gim (2004)’s informal observations, I make a proposal for the
prosodic structures of the /kiman/ + Verb construction. Building on Gim (2004)’s
observations, I will also offer my own judgments about the variation in the prosodic

phrasing /kiman/ + Verb sentences, which are not discussed in the previous literature.
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Third, I sketch an analysis of the variable mapping relations between the syntactic
and prosodic structures of the /kiman/ + Verb construction, using a constraint based
grammar (Optimality Theory (OT) (Prince & Smolensky, 1993/2004) and Maximum
Entropy (MaxEnt) grammar (Goldwater & Johnson, 2003)). In particular, I argue
that the difference in the prosodic phrasing of the two meanings of /kiman/ arises from
the fact that different elements in the sentence are under focus in the two meanings,
which would also explain the variation in prosodic phrasing.

This chapter proceeds as follows. §4.2 reviews the previous work on the semantic,
syntactic, and prosodic properties of the /kiman/ + Verb construction (Noh, 1983;
Gim, 2004; Kim & Jeong, 2019; Tan, 2023). Building on these previous descriptions,
§4.3 presents a preliminary proposal for the syntactic structures and §4.4 presents the
prosodic structures of the /kiman/ + Verb construction. §4.5 discusses the mapping
relations between the proposed syntactic and prosodic structures. 8§4.6 provides a
general discussion regarding limitations of preliminary analyses in this chapter, and
discusses possible alternative prosodic structures based on more recent proposals for
the intonational phonology of Seoul Korean involving prosodic recursion (Baek &

Yun, 2018; Lee, 2022). A chapter summary is provided in §4.7.

4.2 Background

Previous studies have argued that /kiman/ can be used in multiple discourse con-
texts. There are largely two meanings of /kiman/, which I loosely translate as ‘stop’
and ‘start’ (Noh, 1983; Gim, 2004; Kim & Jeong, 2019; Tan, 2023). The meanings of
/kiman/ are subtle and cannot be perfectly translated with ‘stop’ and ‘start’, as the
review in this section will show. I nonetheless use these two words as shorthand to
refer to the two meanings of /kiman/ in this dissertation.

This section proceeds as follows. §4.2.1 reviews previous studies that investigated

the meaning of /kiman/ diachronically (Kim & Jeong, 2019) and synchronically (Noh,
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1983; Gim, 2004; Tan, 2023). §4.2.2 discusses a syntactic restriction on /kiman,/ (Noh,
1983; Gim, 2004), which is supported by the corpus investigation conducted in Gim
(2004). §4.2.3 introduces a claim made in Gim (2004) that the meaning of the /kiman/
+ Verb construction can be prosodically disambiguated. §4.4.2 discusses the variation

in the prosodic phrasing of /kiman/ + Verb constructions.

4.2.1 Meaning of /ki.man/

The word /kiman/ is comprised of two morphemes: /ki/ ‘that (demonstrative)’
and /man/ ‘up to (degree/amount)’ though it is likely to be lexicalized as a monomor-
phemic word due to its high token frequency (Gim, 2004; Tan, 2023).

Kim & Jeong (2019) investigated the development of the polysemy of /kiman/.
The authors cited historical texts that showed in the 15th and 16th centuries, this
word was combined with the verb /hata/ (‘to be’) and was used to describe that
something was ‘about that size/degree’, and to modify the following verb to mean that
doing the verb was done ‘to an appropriate degree’. Then starting in the 17th century,
there were more uses of /kiman/ as an adverb that expressed that ‘the action had
happened to the right degree’, and ‘therefore it needed to stop’. Finally, starting from
the late 19th century, the meaning of /kiman/ was expanded to mean ‘discontinuing
the action that is taking place but not explicitly spoken in the utterance’, and also to
mean that a new action took place, implying it had not taken place before (Kim &
Jeong, 2019). In short, Kim & Jeong (2019) showed the original meaning of /kiman/
developed from a morphologically transparent ‘to that degree’ to its present day
meaning that is more abstract and subject to discourse pragmatics, like ‘stop’ and
‘start’, giving rise to the ambiguity, when a verb immediately follows /kiman/.

Other authors have reported that /kiman/ is polysemous in modern Korean, and
one of the meanings can be translated as ‘stop’ (Noh, 1983; Gim, 2004; Tan, 2023).

As for the other non-‘stop’ meaning, authors have disagreed slightly about the variety
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of contexts in which the word is used. Gim (2004) identified two contexts where the
non-stop meaning of /kiman/ is used: one where the new action is simply starting
and one where the new action has taken place unintentionally. Tan (2023) classified
the contexts differently: one where the new action is consciously executed, one where
it is unconsciously executed, and one where the new action is inevitable. While these
distinctions are interesting from a discourse-pragmatics perspective, I will simply
group these contexts into one, as they all describe the execution of an action denoted
by the verb, which I loosely translate as ‘start’. While Gim (2004) and Tan (2023)
described the various semantic/pragmatic flavors of the ‘start’ meaning of /kiman/,
they did not provide a structural analysis of how the two meanings ‘start’ and ‘stop’
arise. It is therefore not clear whether /kiman/ has a single denotation, and the
difference in the meaning is due to its position in the syntactic structure; or if there
are two distinct lexical items which share the same pronunciation.

On the other hand, Noh (1983) argued that the core meaning of /kiman/ is ‘dis-
continue’, and that the context decides what action it modifies.! The sentences in (3)

are from Noh (1983). Glosses and translations are mine.

(3)  (a-c) from Example (8) on p. 136 and (d) from (23) on p. 149 in Noh (1983)
a. /tor-ija kiman koypuhe-ra/

tol-VOC kiman study-IMP

b.  Grammatical if Tol (name of a person) has been studying

c.  Grammatical if Tol has been doing something else, e.g., playing (with
toys)

d. /tor-ija kiman nol-ko  koypuhe-ra/
tol-VOC kiman play-and study-IMP

INoh (1983) discussed the meaning of /kiman/ and /iman/. /iman/ is a very similar word, used
in slightly different contexts, as it is comprised of another demonstrative /i/ (‘this’) and the same
/man/ (‘up to degree/amount’) in /kiman/. I limit the discussion to /kiman/ here.
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‘Tol, stop playing and study’ (a more explicit version of the sentence in

(a) spoken in the context (c))

The sentence (3a) spoken in the context in (3b) means ‘study only up to that point,
and no more’, which I loosely translate as ‘stop studying’. The sentence (3a) spoken
in the context in (3c) means ‘do the current ongoing action (e.g., playing with toys)
only up to that point and no more, and study’, which I loosely translate as ‘start
studying’.

Noh wrote that the sentence in (3a) spoken in the context in (3c) can be para-
phrased as in (3d), where the verb ‘to play’ is explicitly mentioned. Noh argued
that the meaning of /kiman/ is still ‘discontinue’, except that it modifies the verb
‘to play’. In his analysis, the ambiguity of /kiman/ essentially arises from the fact
that the verb that it modifies can be elided from the sentence, and therefore it can be
interpreted as modifying the verb that follows it in the surface form (‘to study’), or
the verb that is not spoken (‘to play’). While Noh’s effort to provide a unified analysis
of the two meanings of /kiman/ is commendable, the details of how the meaning is
composed semantically is left unspecified. The analysis also suffers from the major
problem that /kiman,/ does not always imply the discontinuation of the action that
is not spoken. This point is also addressed in Kim & Jeong (2019), who argued that
the recently developed (late 19th century) meaning of /kiman/ includes the meaning
of ‘a change in state’, without implying that the ongoing action has stopped (p. 262).

[ will illustrate this with the following example in (4b).

(4)  a. /minsu-nin kiman ur-os*-ta/

Minsu-TOP kiman cry-PAST-DECL
Loosely: ‘Minsu started crying’

b. /minsu-nin kiman nore-ril  tit*a-ka  ur-os*-ta/

Minsu-TOP kiman song-ACC listen-while cry-PAST-DECL
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‘Minsu started crying while listening to songs (e.g., because he became

sad)’

(4a) and (4b) are meant to be similar to the Verb-elided version in (3a) in the context
in (3c) and the explicit unambiguous paraphrased sentence in (3d), respectively. If
Noh (1983) is right, the sentence in (4a) implies that some ongoing action has been
discontinued, and Minsu started crying. However, from its explicit paraphrase in
(4b), we know that the salient ongoing action from the context is ‘listening to songs’,
and the sentence does not imply that Minsu stopped listening to songs as he started
to cry. Instead, it is pragmatically more likely that Minsu kept listening to songs as he
started crying. This example therefore clearly illustrates that the ‘start’ meaning of
/kiman/ does not presuppose ‘discontinuation’ of the ‘salient action in the context’,
contrary to Noh (1983).

Noh (1983) in fact also used examples like (4a) where /kiman/ does not imply
the discontinuation of any ongoing action. For those cases, Noh argued that /kiman/
introduces a presupposition of a state where the following verb has not taken place
and expresses the discontinuation of that state. Using the example in (4a), it works
as follows. In (4a), kimangy,,. modifies the state where Minsu cried. In doing so,
it first presupposes the negation of this state, i.e., a state where Minsu did not cry.
Then it expresses the discontinuation of this state, meaning he stopped not crying,
i.e., he started crying.

It is not clear from Noh (1983)’s proposal whether in some cases, /kiman/ implies
the discontinuation of some unspoken action, and in others, it conveys the presuppo-
sition that the event did not take place before. I instead argue that kimang,,; always
makes a presupposition of the negation of the state denoted by the following verb, and
discontinuation of that state. Coming back to (3a) in the context (3c), /kiman/ also
expresses the presupposition that Tol has not been studying, and that the speaker

wishes a discontination of this state of ‘Tol’s not studying’. We only get the inference
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that Tol is going to discontinue the ongoing action (i.e. ‘playing with toys’), since it
is not pragmatically likely to both play with toys and study simultaneously.

To summarize, it seems clear that authors in Korean linguistics have reached the
consensus that /kiman/ has more than one meaning. While Noh (1983) argued that
there is a single denotation for /kiman/, he left the mechanisms in which the word
is used in different contexts unspecified. I follow Noh (1983) and argue that the core
meaning of /kiman/ is ‘discontinue’, and the two meanings arise depending on what
it modifies. kimang,, simply modifies the following action, and therefore conveys the
meaning of ‘Stop V-ing’. On the other hand, kimang,,; seems to modify the ‘negation
of the state where the verb took place’, and it conveys the discontinuation of that

state, i.e., ‘Stop not V-ing’, which may be loosely expressed as ‘Start V-ing’.

4.2.2 Linear adjacency constraint on Adverb (including /kiman/) + Verb
constructions

While previous studies on /kiman/ did not provide a structural analysis of how
the ambiguity arises, Gim (2004) made a valuable observation that there is a linear
adjacency constraint that is only imposed on kiman,,,, which seems to be a general
constraint on adverbs, like /kiman/ that can be used with two meanings. This linear
adjacency constraint is given in (5). This is illustrated in (6a) and (6b). Note that the
discourse particle /fom/, whose distribution is free in Korean, can intervene between
kimany,,, and the following verb. This is argued to be the only exception to the linear

adjacency constraint (Gim, 2004).

(5)  Linear adjacency constraint
When /kiman/ is used with the ‘stop’ meaning, it must be immediately fol-
lowed by a verb, without any other words intervening between them.
When it is used with the ‘start’ meaning, there can be other words intervening

between /kiman/ and the verb.
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(6)  /Example (17b, p. 58) in Gim (2004)(numberings, glosses and translations are
mine)
a. /ton kiman tffom pilljo-tfwo/

money(-ACC) kiman tfom borrow-give

Ambiguous: ‘Please lend (me) some moeny’
or ‘Please stop lending money’
b.  /kiman ton tfom pilljo-tfwo/

kiman money(-ACC) tfom borrow-give

Not ambiguous: ‘Please lend (me) some money’

(**Please stop lending money’)

When /ton/ (‘money’) intervenes bewteen /kiman,/ and the verb ‘to lend’; as in (6b),

the sentence cannot mean ‘stop’ lending.

/kiman/ V  Stop meaning Start meaning Indistinguishable Total

Yes 191 243 35 469
No 15 629 0 646
Total 206 874 35 1,115

Table 4.1: Distribution of /kiman/ in corpora studied in Gim (2004)

Gim (2004) further provided evidence for this linear adjacency constraint from
Korean text corpora. He studied the 21st Century Sejong planned tagged corpus,
which contains 8,719,237 Eojeols. Eojeols were tagged with syntactic categories which
allowed Kim to search 1,115 occurrences of /kiman/ with the adverb tag in this
corpus. The cases where /kiman/ was used with the transparent meaning of ‘to be
adequate amount/degree’ was not included in this number of occurrences. Out of
1,115 occurrences, it was used to mean ‘stop’ 206 times (18.48%), and it was used
to mean something other than ‘stop’ (i.e., ‘start’ using the binary distinction used
in the current dissertation) 874 times (78.39%), which was considerably higher than
206. For the remaining 35 occurrences, it was not possible to tell by the author which

was the intended meaning based on the context in the corpus.
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When it meant ‘stop’, the immediately following word was a verb 92.72% of the
times (191/206), whereas when it meant ‘start’, it was a verb only 27.80% of the times
(243/874). Furthermore, for all 35 cases where the meaning was not identifiable, the
immediately following word was a verb. These results provide support for the linear
adjacency constraint that requires the verb to be immediately adjacent to /kiman/,
when it means ‘stop’.

The linear adjacency constraint suggests that the position of /kiman/ in the syn-
tactic structure may be different, depending on the meaning that it is used. The
fact that there can be intervening words between kimang,,; and the verb suggests
that kimang,,; may be adjoined to the structure at a higher position than the Verb
Phrase. This is in line with the idea that the meaning of kimang,;: the negation
of the proposition that the verb took place. From a structural perspective, when it
occupies a higher position, it can take a wider scope than just the verb, i.e., the entire
proposition. In §4.3, I show that this linear adjacency constraint generalizes to other
adverb + verb constructions in Korean, and possibly adverbs of other languages. I
also present a preliminary proposal for the syntactic structures of the /kiman/ +

Verb construction.

4.2.3 Prosodic disambiguation of ‘kiman + Verb’ construction

Among the previous studies on /kiman/, Gim (2004) seems to be the only one that
mentions the sentence in (2) differs in prosody depending on the meaning. The follow-
ing quote from Gim (2004) is a summary of the author’s observations on the prosodic
characteristics of the two meanings of /kiman/, which provide valuable insights for
both prosodic and syntactic structures for the ‘/kiman/ + Verb’ construction. Note
that the original source is written in Korean and I translated it into English, trying
to keep the terminology as close to the original as possible. I leave both the original

Korean and my English translation below.
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Ao A gAY SHoz ARREM, (W] (A0l =
ottt AA| AlNA HAY JAeEgte WAstE 23 24007
Foll 20l 4 kel vk Eot S5t FA} AY AHAIA(E
ol Al) gahE Tk It FAY 740l st Ae B E AT

bl [ 219 o r ARGE W], (AW S stE FARE A
A A 23 wsHg L ko] Balds AA(RE) AAS S5
7] W 2ol FA FHH R AHT Dot gk w3 FAY &
FulagS o, $3 24 (F2 FAH vl A FH(FA)S FstA =&

trh FHe 273 48L 34 £3k7] Wl ol ch (Gim, 2004, p.

D
)
SN~—

When /kiman/ is used with the ‘stop meaning’, the intonation (accent)
on /kiman/ becomes higher. It is natural that it receives a focus, since
it is an important factor that changes the truth condition of the entire
proposition. Moreover, it is pronounced together (without a juncture)
with the following verb. The ‘/kiman/ + Verb’ construction forms a
predicative unit.

[On the other hand, when it is used with the ‘start meaning’|, /kiman/
is not pronounced as a connected unit with the following verb. It does
not need to be pronounced together with the verb because it modifies the
entire event (proposition) that follows it. Moreover, compared to when
it is used with the ‘stop meaning’, it also receives a weaker intonation
(accent) compared to the following element (usually a verb), as it does
not serve as the focus of information. (Gim, 2004, p. 62)

There are two key points in Gim (2004)’s description. First, the prosodic phrasing
of /kiman/ and the verb that follows it is different between the two meanings. When
it means ‘stop’, /kiman/ and the verb are pronounced together without a prosodic
juncture, while when it means ‘start’, there is a prosodic juncture between /kiman/
and the verb.

Second, it suggests that the information structure of the two /kiman/ + Verb
constructions is different. When it means ‘stop’, /kiman/ is under focus, while when
it means ‘start’, it is not, and the verb is under focus. I use ‘focus’ here to refer to
an element that is compared with a set of alternatives (Rooth, 1992; Katz & Selkirk,
2011).

While Gim (2004) makes a clear claim that /kiman/ receives focus when it means

‘stop’, it is less clear whether it is the verb that receives focus when it means ‘start’. 1
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argue that this assumption is not ungrounded given that kimang,,; seems to occupy
a high position in the syntactic structure. Moreover, I argue that this assumption is
essential to account for the variation of prosodic phrasing.

I discuss these points further in §4.4 and propose an autosegmental-metrical struc-
ture of /kiman/ + Verb construction with two meanings, based on the K-ToBI model
(Jun, 1993). I show further in §4.5 that the proposed prosodic structures which cap-
ture the observations of Gim (2004) are expected given the syntactic and informational

structures of the /kiman/ + Verb construction.

4.3 Syntactic analysis

Building on previous work on the adjacency restriction of /kiman/ and the fol-
lowing verb (Gim, 2004), as well as work on the polysemy of /kiman/ (Noh, 1983), I
propose that kimang,, is adjoined at a lower position, within the verbal projection,
while kimang,,; is adjoined at a higher position than the verbal projection.

[ argue that the syntactic structure and the polysemy of /kiman/ is similar to two
well studied cases of syntactic ambiguity, i.e., the verbal/sentential LE in Mandarin
Chinese and the clausal/manner adverbs of other languages, in §4.3.2 and §4.3.3.

I argue three points in discussing these cases. First, though it may seem unintuitive
that a single word /kiman/ can have seemingly opposite meanings of ‘stop’ and ‘start’,
it is not undocumented in other languages, i.e., verbal/sentential LE in Mandarin
Chinese. Second, the fact that /kiman/ can occupy a high or low position in the
syntactic structure is not unique to this word, but a general tendency for a subset of

adverbs in Korean as well as in other languages.

4.3.1 Syntactic structures of ‘/kiman/ + Verb’
In §4.2.2, I have reviewed the linear adjacency constraint (see (5)) that /kiman/

with the ‘stop’ meaning needs to be adjacent to the verb and /kiman/ with the ‘start’
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meaning does not have this syntactic restriction. The example in (6) is repeated in (7)
without the discourse particle /tfom/ for simplicity. One way to model this difference
is by adjoining kimang,, within the verbal projection, as a sister to the verb, and
adjoining kimang,,; at a higher position than the verbal projection. Note that the
exact position, or the name of its projection is not specified here. Future work should
investigate what this projection may be, or where exactly kimang,,; gets adjoined.
Here I only argue that this is at a higher position outside of the verbal projection.

Figure 4.1 illustrates my proposed syntactic structures for the sentences in (7).

(7)  /Example (17b, p. 58) in Gim (2004) (repeated from (6))
a. /ton kiman pilljo-tfwo/

money(-ACC) kiman borrow-give

Ambiguous: ‘Please lend (me) some moeny’
or ‘Please stop lending money’
b. /kiman ton pilljo-tfwo/

kiman money(-ACC) borrow-give

Not ambiguous: ‘Please lend (me) some money’

(*‘Please stop lending money’)

VP XP

A /\

NP VP AdvP VP

VAN PN

ton AdvP Vv kiman NP Vv

YAN

kiman pilljo-tfwo ton pilljo-tfwo
(a) Money + kimang,, + Lend (b) kimangar¢+ + Money + Lend
(‘Stop lending money’) (‘Start lending money’)

Figure 4.1: Proposed syntactic trees for the sentences in (7)
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NP XP
AN
ton AdvP VP
A /\
kiman NP Vv

<ton> pilljo-fwo

Figure 4.2: Money + kimang,; + Lend
(‘Start lending money’)

In (7a), the word order ‘Noun + /kiman/ + Verb’ is ambiguous between the two
meanings of /kiman/. The structure in Figure 4.1a is for kimang,,. To get the same
word order while maintaining the higher position of kiman,,; we need to move /ton/
to the initial position. While the default word order is ‘SOV’ in Korean, ‘OSV’ can
appear either by scrambling or object topicalization (Lee & Ramsey, 2000; Frenck-
Mestre et al., 2022). I propose the word order ‘Noun + kimang,; + Verb’ is derived
via Object fronting, either by scrambling or by topicalization. This is illustrated
in Figure 4.2 where the noun phrase /ton/ (‘money-ACC’) has moved to the initial
position of the sentence via toplicalization. As a result, the surface word order in
Figure 4.2 is the same as in Figure 4.1a, and the difference in meaning is derived from
the difference in the position that /kiman/ occupies in the syntactic structure.

To determine the exact syntactic structures for the /kiman/ + Verb construction
would require longer sentences with more words that would show the exact height
that /kiman/ occupies. In this dissertation, I only propose that kiman g, is attached
to the structure at a higher position, while kiman,,, is immediately attached to the

verb as its sister.
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4.3.2 Verbal/sentential LE in Mandarin Chinese

In §4.2.1, I've argued the denotation of /kiman/ is ‘discontinue’, following Noh
(1983). Additionally, I have argued that the meaning of ‘start’ is derived from this
denotation, as /kiman/ can refer to the negation of the state denoted by the verb
when it is adjoined to the structure at a higher position.

While the fact that a word that means ‘discontinue’ can also mean ‘start’ seems
counterintuitive, something similar has been reported in Mandarin Chinese with the
particle LE, which has both perfective and inchoative meanings, depending on the

position in the sentence as shown in (8), borrowed from Example (11) on p. 628 in

Soh (2009).

(8) a. Ta male ta de  haizi

S/he scold-LE s/he POSS child
‘S/he scolded her/his child’” (verbal le: perfective)

b. Ta ma ta de haizi le

S/he scold s/he POSS child le
‘S/he is scolding his child (which s/he was not doing before/contrary to

what one may expect).’

When the particle LE appears right after the verb (/ma/) as in (8a), it expresses
the meaning that the action denoted by the verb is terminated (i.e. the perfective
meaning), while the sentence final LE in (8b) expresses a ‘change of state’ (i.e. the
inchoative meaning) or the action is ‘contrary to expectation’ (Soh, 2009). The former
is refered to as the verbal LE, and the latter is referred to as the sentential LE, due
to their syntactic distribution (e.g., Soh, 2009; Wang, 2018).

Similar to the /kiman/ + Verb construction, the meaning of LE can be ambiguous
between the perfective and inchoative readings in sentences like (9), borrowed from
Example (8b) on p. 4 in Wang (2018). The notes in parentheses are added by me.

Wang argues that the perfective LE is still the same verbal LE though it does not
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immediately follow the verb. Going through his analysis of the syntactic structures
of two LEs in this particular example is out of scope for this study. Here, I only note
that the particle LE can be ambiguous between two meanings in the same sequence

of words, just as /kiman/.

(9) Tahe jiu le
He drink wine LE
a. He drank wine (Verbal LE: perfective)

b. He has begun drinking wine (used to not drink wine) (Sentential LE:

inchoative)

While the particle LE of Mandarin Chinese has been extensively studied and providing
a review of this literature is out of scope of this dissertation (see Wang (2018) for a
recent review). Instead, I draw a parallel between the analysis of sentential LE in
Wang (2018) and the ‘start’ meaning of /kiman/.

Wang (2018) proposes that the sentential LE is a focus marker, which is adjoined
to the structure at a higher position, and ‘expresses the assertion of the situation
it takes by setting it in contrast with potential alternative situations’ (p. 249). To
paraphrase Wang (2018)’s description of the meaning of the sentential LE, it expresses
the assertion of the situation it takes (i.e., ‘drinking wine’) by setting it in contrast
with potential alternative situations (i.e., ‘not drinking wine’). This contrast creates
the meaning that the person ‘has begun’ drinking wine, and ‘used to not’ drink wine.

It is important to note that researchers of Mandarin Chinese have not fully reached
consensus about how to analyze the sentential LE semantically and syntactically (Soh,
2009; Wang, 2018), and there are different views about whether there is a single lexical
item that has different syntactic positions or there are two lexical items that happen
to occupy different syntactic positions (see Wang (2018) for a review). Likewise,

while it is possible that /kiman/ has a single denotation of ‘discontinue’; as I adopt
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from Noh (1983), it is also possible that there are simply two lexical items with the
same pronunciation. I leave for future studies to investigate the details of syntax and
semantics of /kiman/ in relations to the verbal/sentential LE in Mandarin Chinese.

Instead, the main thing to highlight is that the meaning of the sentential LE is
similar to the meaning of kimang,,; in that both seem to create a contrast with po-
tential alternative situations, which may be described as the negation of the situation
it takes. For this reason, I argue that when /kiman/ occupies a high position, it
introduces focus on the later element, which is typically the verb. Syntactically, both
the sentential LE and kimang,,; occupy a higher position in the syntactic structure,

which is often associated with discourse-pragmatic functions (e.g., Cinque, 1999).

4.3.3 Clausal/Manner Adverb ambiguity

In addition to the verbal/sentential LE in Mandarin Chinese, I briefly review
another case of ambiguity, which exhibits some similarities to /kiman/, which is
clausal /manner adverb ambiguity. I will show that /kiman/ is one of many adverbs
that have both clausal and manner readings, and such adverbs are attested both in
Korean and in other languages. These adverbs show a similar linear adjacency con-
straint to /kiman/’s, and similar prosodic phrasing patterns that /kiman/ exhibits.

Crosslinguistically, adverbs like ‘cleverly’, ‘stupidly’, and ‘clearly’ cause syntactic
ambiguity as they can either modify a verb phrase or an entire clause (e.g., Jackendoff,
1972; Ernst, 2002; Egedi, 2009; Kubota, 2015). Consider (10), which is borrowed from
Example (1) on p. 1020 in Kubota (2015).

(10)  a. John stupidly danced. (Ambiguous)
(i)  ‘The manner in which John danced was stupid.’
(ii) ‘It was stupid of John to have danced.’
b.  Stupidly, John danced. (Unambiguous)

(i) ‘It was stupid of John to have danced.’
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c. John danced stupidly. (Unambiguous)

(i)  ‘The manner in which John danced was stupid.’

In the sentence-final position, ‘stupidly’ only modifies the verb phrase ‘danced’ and it
can only refer to the manner of dancing. This is referred to as the ‘manner reading’. In
the sentence-initial position, on the other hand, ‘stupidly’ is interpreted to modify the
entire proposition of John’s dancing. This is referred to as the ‘clausal’ or ‘sentential’
reading. In the preverbal position in (10a), both manner and clausal readings are
available.

Similar adverbs in Korean also show the same clausal and manner ambiguity.
As an example, I illustrate this with /hwaksilhi/ ‘clearly’ in (11). Note that not
every Korean adverb is ambiguous between clausal and manner readings, just as not
every adverb is amgbiguous in English (e.g., ‘tightly’ can only be a manner adverb in

English (Ernst, 2002)).

(11)  /hwaksil-hi po-as-ta/

clear-ly see-PAST-DECL
a. Clausal reading: ‘Clearly, (I) saw (it).’

b. Manner reading: ‘I saw (it) clearly.’

The two readings are subject to the same adjacency restriction reviewed earlier for
/kiman/ in that there must not be any word intervening between the adverb and the
verb, if the adverb is to be interpreted with the manner reading. This is illustrated

in (12).

(12)  a. (i) /na-nin hwaksil-hi motu-ka tfoaha-nin kirim-il
I-TOP clear-ly everyone-NOM like-REL painting-ACC
po-as-ta/
see-PAST-DECL

(*manner, clausal) ‘Clearly, I saw the painting that everyone likes.
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(ii) /hatfiman tfal mot po-aso a.swip-ta/

But well NEG see-because regrettable-DECL
But it’s a shame that I didn’t see it well.’

b. (i) /na-nin motu-ka tfoaha-nin kirim-il hwaksil-hi
[-TOP clear-ly everyone-NOM like-REL painting-ACC
po-as-ta.

see-PAST-DECL

(manner/clausal, disambiguated prosodically) ‘I clearly saw the
painting that everyone loves’.
(ii) hatfiman tfal mot po-aso a.swip-ta/

But well NEG see-because regrettable-DECL
#/7 ‘But it’s a shame that I didn’t see it well’.

Both (12a) and (12b) have two sentences. The first one has the adverb /hwaksil-hi/
(‘clearly’) and the second one is a continuation from the first sentence: ‘But it’s a
shame that I didn’t see it well’. In (12a), when /hwaksil-hi/ is separated from the
verb phrase, only the clausal reading is available, and the sentence means that it is
without any doubt that I saw the painting. As ‘clearly’ does not modify the manner
of my seeing, the second sentence can be a good continuation, meaning that though
there is no doubt that I saw it, the manner of seeing was not good, perhaps because
there were too many people trying to see it at the same time, and I did not have
enough time to see it in detail.

On the contrary, in (12b), /hwaksilhi/ is adjacent to the verb phrase. Here, the
continuation in (ii) becomes infelicitous if we interpret the sentence in (i) with the
manner reading, because it is contradictory to ‘see something clearly but not well’.
The only felicitous reading would be to interpret the adverb with the clausal reading
(‘there is no doubt that I saw it’). In line with the /kiman/ + Verb construction, I

predict that the prosody will again play a role and the continuation in (ii) becomes
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less acceptable if /hwaksilhi/ and the verb is prosodically phrased together, though I
leave for future work to test this prediction.

Example (11) illustrates three points. First, some adverbs in Korean can be
ambiguous preverbally between clausal and manner readings. Second, when they are
separated from the verb in the linear order, only the clausal reading becomes available.
Third, when they are adjacent to the verb, the manner reading is available, and the
clausal reading seems to be available only if there is a prosodic break between the
adverb and the verb. All three of these characteristics are what we already saw for
/kiman/. This suggests that the polysemy of /kiman/ may be a general characteristics
of adverbs that have both clausal and manner readings.

The clausal /manner adverb ambiguity is extensively studied in the literature and
there are several proposals available for how the ambiguity arises in the syntac-
tic/semantic structure (e.g., Ernst, 2002; Kubota, 2015; Keizer, 2018). Providing
a thorough review of this literature is out of scope of this dissertation (see Ernst
(2020) for a recent review of this literature). Here, I will only discuss an aspect of
one of these proposals that concerns the notion of ‘comparison class’ (Ernst, 2002;
Kubota, 2015), as it is relevant for understanding the ‘start’ meaning of /kiman/.

To derive the clausal/manner meaning of adverbs, Ernst (2002) and Kubota (2015)
argue that the degree adverbs (stupidly, cleverly, rudely etc.), which describe a degree
of an event on some scale (e.g., stupidity for stupidly), are evaluated with different
‘comparison classes’. For instance, consider the example in (13) borrowed from Ex-
ample (2.9) on p. 43 in Ernst (2002). The notes in parentheses are added to the

original sentences to clarify how the adverb is interpreted in each sentence.

(13)  a. Rudely, she left (clausal, *manner)

b.  She left rudely (*clausal, manner)
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Ernst (2002) argues that in (13a), ‘she is judged rude because of the event of her
leaving, as opposed to other things she could have done, most especially not leaving’
(p. 57). On the other hand, in (13b), ‘she is judged rude on the basis of something
about her leaving’, i.e. her manner of leaving. For instance, she ‘left without saying
good-bye’ or ‘by slamming the door’ (p. 57). Interestingly, Ernst (2002) mentions
that the ‘other things she could have done’ can be described as the negation of leving
(i.e., ‘not leaving’).

Kubota (2015) adopts the idea of comparison class to analyze Japanese data simi-
lar to (10) and (13). Kubota uses two mechanisms to derive the difference in meaning.
First, the adverb is adjoined to the sentence at a lower position when it has a manner
reading, and at a higher position when it has a clausal reading. Second, when it has
a clausal reading, a new vacuous event is introduced to serve as the non-restrictive
comparison class. In Japanese, this has a morphological exponent /mo/. For ex-
ample, a manner adverb for ‘stupidly’ is /orokani/ whereas the clausal verb of it is

Jorokani-mo/, as in (14), borrowed from Example (2-3) on p. 1021 in Kubota (2015).

(14)  a. John-wa orokani odotta

John-TOP stupidly danced

‘John danced stupidly’ (*clausal, manner)
b. orokani John-wa odotta

stupidly John-TOP danced

‘John danced stupidly’ (*clausal, manner)
c. John-wa orokani-mo odotta

John-TOP stupidly  danced
‘John danced stupidly’ (clausal, *manner)

d. orokani-mo John-wa odotta

stupidly ~ John-TOP danced

‘John danced stupidly’ (clausal, *manner)
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In the semantic derivation Kubota presents, when /orokani/ is evaluated, it is com-
pared with other dancing events, and the particular dancing event mentioned in the
sentence is judged to be more ‘stupid’ than the average degree of stupidity. On the
other hand, when /orokani-mo/ is evaluated, it is compared with the events in a
vacuous predicate. In this way, John’s dancing event is judged to be more stupid
than other things he could have done, e.g., ‘John’s moving’ (p. 1032). While Kub-
ota describes the set of events that acts as the comparison class as nonrestricted, it
seems that it can also be described as the negation of the event it modifies, ‘John’s
not dancing’, in the same way that in (13), ‘her leaving’ is compared with ‘her not
leaving’.

Put this way, the clausal/manner meanings of adverbs are similar to start/stop
meanings of /kiman/ in two ways. First, in terms of syntactic position, both the
clausal adverb and /kiman/ with the ‘start’ meaning seem to be adjoined at a higher
position, judging from the fact that words can intervene between the adverb and
the verb. Second, for both the clausal reading of adverbs and /kiman/ with the
‘start’ meaning, the evaluation of the adverb involves the negation of the event, as
summarized in (15). As /kiman/ with the ‘start’ meaning introduces a comparison
between the verb happening and the verb not happening, I argue that the verb receives

focus in the kimang,,+ + Verb construction.

(15)  a. Rudely, she left.
Meaning of rudely: more rude compared to x.
Meaning of the sentence: Compared to her not leaving, her leaving was
rude.
b. /kiman minsu-nin ul-os*-ta/

kiman Minsu-TOP cry-PAST-DECL
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‘Minsu started crying’
Meaning of /kiman/: discontinue x.

Meaning of the sentence: The state of Minsu’s not crying is discontinued.

As noted earlier, working out the details of the semantic derivation of /kiman/ is not
the goal of this chapter, and I leave for future work to explore this idea. The main
point to note is that /kiman/ may not be so special in its meaning, and it exhibits

similar syntactic and semantic properties to other adverbs that are ambiguous.

4.3.3.1 Role of prosody in adverb disambiguation

Another similarity between the clausal adverb and /kiman,/ with the ‘start’ mean-
ing is that both are often pronounced with a prosodic boundary.

For instance, (16)-adopted from Example (4.121) on p. 139 in Potts (2005)-
illustrates the role of prosodic breaks, transcribed in text with ‘,”. Similar observations
have been made in Selkirk (2005) with a minimal pair in (17) (her Examples (26) and

(27) on p. 24).

(16) a. Willie luckily won the pool tournament (manner)

b.  Willie, luckily, won the pool tournament (clausal)

(17)  a. Mary remained true to herself.

b. Mary remained, true to herself.

In both examples, when there is no ‘,”, which is acoustically implemented as an Into-
national Phrase boundary (Selkirk, 2005), the adverbial (‘luckily” or ‘true to herself’)

Y

modifies the verb, and when there is ¢,’, it adds an additional meaning to the entire

proposition, for instance the speaker’s attitude towards the proposition (Potts, 2005).
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Egedi (2009) reports a similar pattern in Hungarian. In postverbal position, ad-
verbs like ‘cleverly’ are ambiguous between the clausal and manner reading.? The
meaning of the sentence is disambiguated by the Intonational Phrase boundaries
both before and after the adverb, as in (18b) (Example 38 and 40 on p. 113 in Egedi
(2009)).

(18) a. Hugd nem valaszolt okosan a kérdésre

Hugo not answered cleverly to the question

‘Hugo did not answer the question cleverly (*clausal, manner)’
b. Hugo6 nem valaszolt, okosan, a kérdésre

Hugo not answered, cleverly, to the question

‘Cleverly, Hugo not answered to the question (clausal, *manner)

The cross-linguistic tendency seems to be that adverbs that are interpreted with the
clausal reading tend to be prosodified separately from the verb phrase (Keizer, 2018;
Kojadinovi¢, 2022).3 The relations between the syntactic position and the prosodic

phrasing will be discussed further for the /kiman/ + Verb construction in §4.5.

4.3.4 Section summary

In this section, I have argued that kimang,, and kimang,,; have different posi-
tions in the syntactic structure. The former occupies a lower position and is syn-
tactically phrased together with the verb that it modifies, while the latter occupies
a higher position and seems not to be contained within the verbal projection. I
have also argued that the /kiman/ 4 Verb construction exhibits syntactic, semantic,
and prosodic similarities with two cases of ambiguities that are extensively studied:

the verbal/sentential LE in Mandarin Chinese (Soh, 2009; Wang, 2018), and the

2It is not clear from Egedi (2009) whether the syntactic structure is different for the two readings,
when the adverb is postverbal.

3Keizer (2018) and Kojadinovié (2022) argue that this is not always true, though there is a high
correlation between the availability of clausal reading for adverbs and large prosodic junctures.
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clausal /manner adverb in many languages including English (Ernst, 2002), Japanese
(Kubota, 2015), and Hungarian (Egedi, 2009).

First, for all of these ambiguities, one of the readings is semantically interpreted
closer to the verb phrase (‘stop’ meaning of /kiman/, manner adverbs, and verbal LE),
while the other reading is interpreted at a higher position in the structure, providing
a discourse-pragmatic meaning (‘start’ meaning of /kiman/, clausal adverbs, and
sentential LE) (Kubota, 2015; Wang, 2018).

Second, when it occupies a higher position, the semantic interpretation of the
word seems to involve a comparison or a contrast with a set of alternatives, which
may be described as the negation of the predicate/situation it takes (Ernst, 2002;
Kubota, 2015; Wang, 2018).

Third, when it occupies a higher position, it is also prosodically phrased differ-
ently than when it is interpreted together with the verb phrase (‘start’ meaning of
/kiman/ and clausal adverbs) (Potts, 2005; Selkirk, 2005; Egedi, 2009; Keizer, 2018;
Kojadinovi¢, 2022). These similarities suggest that there may exist a structural ex-
planation for the polysemy of /kiman/, just as such explanations have been proposed

for the other ambiguities reviewed here.

4.4 Prosodic analysis

Next, we move onto the prosodic analysis of the /kiman/ + Verb construction.

The observations in Gim (2004) mentioning the prosodic phrasing and the infor-
mation structure (i.e., word under focus) of the /kiman/ + Verb construction are
summarized in Table 4.2. While Gim (2004) does not specifically mention that the
verb is under focus when /kiman/ means ‘start’, T have argued that it is reasonable
to assume that the verb receives focus, given that semantically kimang,,; introduces
a comparison set, which may be described as the negation of the event that the verb

denotes.
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Meaning of /kiman/ Prosodic phrasing Word under focus
Stop [/kiman/ Verb] /kiman/
Start [/kiman/| [Verb] ~ Verb

Table 4.2: Summary of the observations on p. 62 in Gim (2004)

As a native speaker of Korean, I share the same intuitions as those reported in
Gim (2004), and agree that the prosodic phrasing of /kiman/ and the verb is different,
depending on the meaning of /kiman/. Based on these observations, I propose the
prosodic structure of the /kiman/ + Verb construction in §4.4.1.

In addition to these observations, I report new data on the prosodic phrasing of
the /kiman/ + Verb construction in §4.4.2. The key observation is that the prosodic
phrasing between the verb and the following PW can vary, while the prosodic phrasing

between /kiman/ and the verb is consistent for each meaning of /kiman/.

4.4.1 Proposal for prosodic structures of ‘/kiman/ + Verb’

Gim (2004)’s first observation about the prosodic phrasing gives us a straightfor-
ward analysis in the K-ToBI model of intonation (Jun, 1993). We will again use the
sentences in (2) as examples, which is repeated in (19).

In Seoul Korean, the prosodic constituent above the prosodic word is AP. Based
on the observations in Gim (2004), it is reasonable to assume that when /kiman/
means ‘stop’, the following verb is phrased together with /kiman/ in the same AP,
as in Figure 4.3a. On the other hand, when /kiman/ means ‘start’, the verb starts a

new AP, as in Figure 4.3b.

(19)  /kiman pul-mjon  tfoh-kes*-ta/
up to that degree/amount blow-COND be good-FUT-DECL

4 /ffo.kMes*.ta/ is pronounced as [ffo.k"e.t*a| due to neutralization of place of articulation in the
coda position (/s/ — [t]) and post-obstruent tensification of /t/ (/t/ — [t*]). Finally, as the coda
[s] (/t/) and the onset [t*] (/t/) has the same place of articulation, I have transcribed the sequence
as simply [t*].
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a. ‘Stop blowing’

b. ‘Start blowing’

(a) Stop blowing (b) Start blowing

Figure 4.3: Prosodic trees for the sentences in (19)

Stop V-ing (Fig. 4.3a) Start V-ing (Fig. 4.3b)
Tones L +H L+ Ha L Ha L Ha
Verb initial lenis voicing [b] [p]
Table 4.3: Comparison of acoustic implementation of the two prosodic structures in
Figure 4.3

In the prosodic structure in Figure 4.3a, the verb is contained within the same
AP as /kiman/ making a long AP with four syllables (/ki.man.pul.mjon/). In this
case, every syllable is assigned a tone. The first syllable /ki/ is assigned the AP-
initial L tone because the first segment /k/ is not an aspirated or fortis obstruent,
and therefore not assigned a high tone. The second syllable /man/ and /pul/ are
assigned AP-medial tones +H and L+, respectively. The last syllable in this AP
/mjon/ is assigned the AP-final Ha tone, which is a high tone that marks the end of
the AP.

In the prosodic structure in Figure 4.3b, the verb starts a new AP, following the
AP that contains /kiman/. Again, the first syllable /ki/ is assigned the AP-initial L

tone, but the second syllable /man/ is assigned the AP-final Ha tone, as it is the last
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syllable in the AP. The verb initial syllable /pul/ is assigned the AP-initial L tone,
as it is the first syllable in the new AP, and it is not an aspirated or fortis obstruent.
Finally, the verb-final syllable /mjon/ is assigned the AP-final Ha tone, as it is the
last syllable in the AP. As a result, the two prosodic structures in Figure 4.3 are
expected to have different tonal patterns, as summarized in Table 4.3.

The difference in the prosodic phrasing should also be marked via the segmental
quality of the verb initial lenis stop /p/. When the verb is AP-medial, as in Figure
4.3a, it should be lenited (Jun, 1993, 1994, 1998). On the other hand, when the verb
is AP-initial, as in Figure 4.3b, it should be unlenited. This is again summarized in
Table 4.3. These predictions for the acoustic implementation of the /kiman,/ + Verb
construction will be tested in Chapter 5.

In this chapter, we will assume that the prosodic phrasing in Figures 4.3a and
4.3b is correct, and discuss how these prosodic phrasing may be derived from the

syntactic structure of the /kiman/ + Verb construction in §4.5.

4.4.2 Variable prosodic phrasing of /kiman/ + Verb construction

In Figure 4.3, I focused on the prosodic phrasing between /kiman/ and the verb,
and assumed that the last PW /tfo.kPe.t*a/ is prosodically phrased separately from
the verb in its own AP. Building on Gim (2004)’s observations, I report that there is
a variation in the prosodic phrasing of the /kiman/ -+ Verb construction with respect
to the verb /pul-mjon/ (‘blow’) and the following PW /ffoh-kes*-ta/ (‘be good-FUT-
DECL’).

Consider the sentences in (20) and (21), repeated from (2). The sentence in (20)
is used to mean ‘stop blowing’, while the sentence in (21) is used to mean ‘start
blowing’.

When /kiman/ means ‘stop’ as in (20), I prefer the prosodic phrasing that puts

/kiman/ and the verb together as in (20a) and (20b). On the other hand, when
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/kiman/ means ‘start’ as in (21), I prefer the prosodic phrasing that puts /kiman/
and the verb separately as in (21a) and (21b). However, I find the prosodic phrasing
between /pulmjon/ and /tfoh-kes*-ta/ to be variable. That is, I find the prosodic
phrasing in (20a) and (20b) equally acceptable, and the prosodic phrasing in (21a)

and (21b) equally acceptable.

(20)  /kiman pul-mjon  tfoh-kes*-ta/
kimang,, blow-COND be good-FUT-DECL

a. Acceptable: (kiman pul-mjon)4p(ffoh-kes*-ta) 4p
b. Acceptable: (kiman pul-mjon tfoh-kes*-ta)p
c. *(kiman)p(pul-mjon) 4p(tfoh-kes*-ta) 1 p

d.  *(kiman)4p(pul-mjon ffoh-kes*-ta),p

(21)  /kiman pul-mjon  tfoh-kes*-ta/
kiman,,; blow-COND be good-FUT-DECL

a. Acceptable: (kiman)4p(pul-mjon) 4p(tfoh-kes*-ta)4p
b.  Acceptable: (kiman)4p(pul-mjon tfoh-kes*-ta)4p
c. *(kiman pul-mjon)4p(tffoh-kes*-ta)4p

d.  *(kiman pul-mjon tfoh-kes*-ta)4p

Next, I will discuss the mapping relations between the proposed syntactic and prosodic
structures of the /kiman/ + Verb construction. I show that both the reason that the
prosodic phrasing becomes different depending on the meaning of /kiman/ as well
as the reason that the prosodic phrasing between the verb and the following PW is
variable, is a consequence of the syntactic and information structure of the /kiman/

+ Verb construction.
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4.5 Modeling variable syntax-prosody mapping of /kiman/ +
Verb

In this section, I will present an analysis of how the syntactic structures of the
/kiman/ + Verb construction proposed in §4.3 can be mapped to the prosodic struc-
tures proposed in §4.4. In particular, I argue that Gim (2004)’s second claim about
the difference in the information structure of the /kiman/ + Verb construction de-
pending on the meaning of /kiman/ explains why there is a difference in the prosodic
phrasing between /kiman/ and the verb, and also why the prosodic phrasing between
the verb and the following PW is variable.

This section proceeds as follows. In §4.5.1, T start with a brief review of the lit-
erature on focus-driven prosodic restructuring, which is well-documented in English
(e.g., Ladd, 2008; Pierrehumbert, 1980) Japanese (e.g., Pierrehumbert & Beckman,
1988), Bengali (Hayes & Lahiri, 1991; Truckenbrodt, 2002), and Chichewa (Truck-
enbrodt, 1999), among other languages. In particular, I introduce OT constraints
used in the analysis of Truckenbrodt (1999) for Chichewa and Bengali, which insert
a prosodic boundary after the focused constituent, unlike Korean. In this proposal,
violable OT constraints ‘Align-XP’, and ‘Wrap-XP’ are ranked to derive the syntactic
influence on prosodic phrasing, and their interaction with the constraint ‘Align-Foc
L/R’ accounts for the focus-driven prosodic restructuring (Truckenbrodt, 1999).

In §4.5.2, T bring the discussion back to Korean. I start by partially repeating the
review from §3.2.3.1 and explain what the original proposal for the K-ToBI model
(Jun, 1993) says about the syntactic influence on prosodic phrasing of PWs. In the
original proposal, one of the situations that can force multiple PWs to be prosodi-
cally phrased in the same AP is when the first PW of that AP is focused. I present
Kim (2015)’s analysis of focus-driven prosodic restructuring, which uses Truckenbrodt
(1999)’s constraints to model the syntactic influence on prosodic phrasing in Ko-

rean. Kim (2015) has argued that while Align-Foc R can model focus-driven prosodic
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boundary insertion in Chichewa and Bengali, its mirror constraint Align-Foc L can-
not model the focus-driven prosodic boundary deletion that has been empirically
observed in Korean. As a solution, Kim (2015) proposes a new constraint ‘Edgemost’
(Right/Leftmost) to replace Align-Foc L/R, which motivates the focused PW to be
right /leftmost in the AP (‘phonological phrase’ in Kim (2015)).

In §4.5.3, T argue that Edgemost constraint (Kim, 2015) fails to capture variation
in focus-driven dephrasing. Instead, I propose that two constraints are responsible for
variation in focus-driven dephrasing: a markedness constraint against having an AP
right edge after a focused constituent (*FocAP-R) and an alignment constraint that
prefers to have fewer AP right edges between the right edge of the focused constituent
and an IP right edge (Align(Foc, R, IP, R, AP)). In addition, I argue that Align-Foc-L
is still needed to account for focus-driven dephrasing in Korean.

In §4.5.4, I give an analysis of how the proposed prosodic phrasing of the /kiman/
+ Verb construction can be derived using these constraints.

§4.5.5 concludes the section with a summary.

4.5.1 OT accounts of focus-driven prosodic restructuring

The optimal prosodic phrasing of a syntactic structure can be modeled in Opti-
mality Theory (OT) (Prince & Smolensky, 1993/2004) with a tableau. The syntactic
structure of interest becomes the input of this tableau, and possible prosodic phras-
ings of PWs in the sentence become candidates. These candidates compete with each
other based on a set of ranked constraints, which are used to evaluate the candidates
and determine the optimal prosodic phrasing. The candidate that violates the lowest
ranked constraint is chosen as the optimal prosodic phrasing of the input syntactic
structure. There is a long list of literature on OT accounts of syntax-prosody map-

ping, and for a recent review, see Bellik et al. (2023). Here, I briefly introduce the
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key aspects of the analysis for focus-driven prosodic restructuring in Chichewa in
Truckenbrodt (1999).

In general, a focused constituent requires a phonological phrase boundary at its
right edge in Chichewa (Truckenbrodt, 1999). This pattern of inserting a prosodic
phrase boundary is also seen in Bengali (Hayes & Lahiri, 1991; Truckenbrodt, 2002).
Truckenbrodt (1999) models this phenomenon using the OT constraints in (22).
Among them, the first constraint Align-XP-R /L is motivated in Selkirk (1986, 1996)
to model the cross-linguistic tendency that edges of syntactic constituents and prosodic
constituents are often aligned, which takes the format of Generalized Alignment con-

straints suggested in McCarthy & Prince (1993).

(22) Syntax-prosody mapping constraints (Selkirk, 1986, 1996; Truckenbrodt, 1999)

a. Align-XP-R/L: For each syntactic constituent XP, there is a prosodic
constituent [here, a phonological phrase| such that the right/left edge of
XP coincides with the right /left edge of a phonological phrase.

b.  Wrap-XP: Each XP is contained in a phonological phrase.

c. Align-Focus-R/L: Each focused constituent is right /left-aligned with
a phonological phrase boundary.

d. *P-Phrase: Assign a violation for every phonological phrase.

In Chichewa, the syntactic constituent [V NP PP] is prosodically phrased as (V NP
PP),,n by default, where (), indicates the phonological phrase boundary, which is
the prosodic constituent above the prosodic word in Chichewa (Truckenbrodt, 1999).
V, NP, and PP stand for verb, noun phrase, and prepositional phrase, respectively.
When the verb is under focus, the same syntactic constituent becomes prosodically
phrased as (V) ,pn(NP)pn (PP),pn (Truckenbrodt, 1999). This pattern can be modeled

by assuming that the constraints in (22) are ranked as in Table 4.4. While the original
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analysis considers recursive prosodic structure (e.g., ((V NP),,;nPP),,n) as a possible
candidate, I do not show those candidates for simplicity. In Chichewa, at least,
there is no evidence that recursive structure is allowed, and this can be modeled by
assuming that a constraint that disprefers recursive structure (‘Nonrecursivity’) is

ranked highly and blocks such candidates (Truckenbrodt, 1999).

A. Default phrasing in Chichewa

[V NP PP|yp AlignFoc-R | Wrap-XP | Align-XP-R | *P-Phrase
(V)(NP)(PP) VP! R
(V NP)(PP) VP! ok
(V)(NP PP) VP! NP! x

~ (VNP PP) NP *

B. Focus-driven phrase boundary insertion in Chichewa
[Vioe NP PP|yp | AlignFoc-R | Wrap-XP | Align-XP-R | *P-Phrase

= (V)(NP)(PP) VP o
(V NP)(PP) | *I VP ok
(V)(NP PP) VP NP! ok
(VNP PP) | *I NP *

Table 4.4: OT Tableaux showing the ranking of the constraints in (22). ‘()" mark
phonological phrase boundaries. The candidate marked with ‘—’ is the optimal can-
didate in each tableau. ‘!” marks the critical violation that causes a candidate to
lose.

In the upper tableau (A) in Table 4.4, the input syntactic structure is [V NP PP],
where none of the constituents are under focus. In this case, the optimal candidate
is (V NP PP),,,, which violates Align-XP-R by not having a phonological phrase
boundary after the NP, but satisfies the higher ranked Wrap-XP constraint. Wrap-
XP requires that every syntactic XP is included in a phonological phrase. Note that
any other phrasing (e.g., (V NP)(PP)) can’t be the optimal candidate, as they would
always violate Wrap-XP for the VP, as there is no phonological phrase that contains
the entire VP. Wrap-XP is not violated by the fact that other XPs (i.e., NP and PP)
are included in a phonological phrase on their own. It is satisfied when the XP is

wrapped by a phonological phrase, even when other XPs are also included in that
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phrase. Therefore, (V NP PP),,, satisfies Wrap-XP completely, because for each XP
(NP, PP, and VP), there is a phonological phrase that contains it.

This default phrasing is overriden when the verb is under focus, as shown in the
lower tableau (B) in Table 4.4. The candidate (V NP PP),,, which was optimal
in the upper tableau is no longer optimal, as it violates the highest ranked Align-
Foc-R constraint by not having a phonological phrase boundary after the focused
verb. Candidates (V NP)(PP) and (V)(NP)(PP) equally violate Wrap-XP (because
there is no phonological phrase that contains the VP), but only (V)(NP)(PP) satisfies
Align-XP-R, and thus is the optimal candidate in this tableau.

To summarize, Wrap-XP is ranked above Align-XP-R to derive the default prosodic
phrasing to include PWs in one phonological phrase. This is overriden by a higher
ranked AlignFoc-R constraint, which forces a phonological phrase boundary after the
focused constituent.

Truckenbrodt (1999) has argued that the constraint ‘AlignFoc-L” is responsible for
the opposite pattern of inserting a phrase boundary to the left of a focused constituent
in Japanese (Pierrehumbert & Beckman, 1988)° and in Korean (Jun, 1993), though
the relevant prosodic constituent would be ‘Accentual Phrase’ rather than ‘phono-
logical phrase’ in Korean. However, Kim (2015) has shown that while AlignFoc-L
captures the fact that a focused syntactic constituent initiates a new AP, it cannot
model why there is dephrasing, which overrides the general tendency to phrase ev-
ery PW in its own AP. Instead, Kim (2015) proposes a constraint ‘Edgemost-L/R’
(Prince & Smolensky, 1993/2004; Selkirk, 2011) is responsible for prosodic dephrasing
in Korean. We now turn to the discussion of focus-driven prosodic restructuring in

Korean.

5The relevant prosodic constituent is called ‘intermediate phrase’ in Pierrehumbert & Beckman
(1988)
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4.5.2 Focus-driven prosodic restructuring in Korean

In §3.2.3.1, I have reviewed how syntactic structure influences prosodic phrasing in

the original K-ToBI model (Jun, 1993). I repeat the Accentual Phrase formation rules

as in (23) (repeated from (1) in §3.2.3.1). While I will not repeat the discussion on

these rules, as they have been explained with an example in §3.2.3.1, I will reformulate

them in (24) and highlight some important implications of these rules.

(23)  The Accentual Phrasing rules (Example (16) on p. 215 in Jun (1993))

a.

b.

Every prosodic word may be an Accentual Phrase.

A focused word must be the left-most word in an Accentual Phrase.

An Accentual Phrase can include any number of prosodic words as long

as:

(i)  the last prosodic word is not the left element of a branching con-
stituent.

(ii) all the prosodic words are not focused.

(24)  Reformulation of the Accentual Phrasing rules in (23)

a.

(23a) says every PW ‘may’ be an AP. However, as mentioned in previous
chapters, it is considered to be the ‘default’ that every PW becomes an
AP (Kim, 2004; Jun & Kim, 2004) which is a stronger statement than
(23a).

(23b) states that if there is a focused PW, it must start a new AP. This
is by far the most straightforward and strongest statement among the
rules in (23).

(23c-i) states that an AP can include multiple PWs if the last PW is
not the left element of a branching constituent. This rule does not im-
ply that if the last prosodic word is the right element of a branching

constituent, it is prosodically phrased together with the preceding PW.
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However, I showed in Chapter 3 that a PW following a CP is more likely
to be prosodically phrased together with the last PW of that CP (see
§3.5). Therefore, it suggests that the default tendency in (23a) may be
overridden by the syntactic structure.

(23c-ii) does not state what happens when one of the PW is focused.
Jun (1993) describes that all PWs after the focused PW within the same
Intonational Phrase are prosodically phrased together with the focused
PW (p. 214-215). When this happens, the PWs that follow the focused
PW are said to be ‘dephrased’ (p. 186).

As the implications in (24) suggest, there seem to be two motivations for a PW to be

prosodically phrased together with the preceding PW in the same AP, overriding the

default tendency to start its own AP (23a). These motivations are stated in (25). In

this section, I focus specifically on the first one, focus-driven dephrasing, and argue

that this is responsible for the prosodic difference between the two /kiman/ + Verb

sentences. | briefly discuss the second motivation, syntactic dephrasing, in §4.6.2.

(25)  Two motivations to dephrase a PW

a.

Focus-driven dephrasing: A PW that follows a focused PW is prosodi-
cally phrased together with the focused PW in the same AP.

Syntactic dephrasing: A PW that belongs together with the preceding
PW in a syntactic constituent can be prosodically phrased together with
the preceding PW in the same AP. In particular, a PW that follows a
CP tends to be prosodically phrased together with the last PW of that

CP in the same AP.

The rules in (24) can be formalized by ranking the relevant OT constraints. First,

(24a) states that every PW tends to be prosodically phrased in an AP. While a

head-initial language may have a case where the right-edge of a word does not align
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with the right-edge of an XP (e.g., [V NP PP]yp), a head-final language like Korean
tends to have every word right-aligned with an XP boundary (e.g., [NP PP V]yp).
Assuming there is no recursive prosodic structure, as proposed in the original K-ToBI
model (Jun, 1993), this may be modeled by ranking Align-XP-R above Wrap-XP.
This derives the default prosodic phrasing that every PW is prosodically phrased in
an AP, which contrasts with the default phrasing of Chichewa (Truckenbrodt, 1999).
This is shown in Table 4.5, which presents the default phrasing of the sentence in (26).
Note that Kim (2015) uses Lenis voicing to diagnose the location of phrase boundaries.
When a PW-initial Lenis is AP-medial, it is realized as voiced. Following Kim (2015),
I assume Wrap-XP does not evaluate whether there is an AP that wraps the entire

sentence (S).

(26)  mijoy-ika pomi-eke kapan-il pilljotfu-os*-ta

Miyoung-NOM Pomi-DAT Bag-ACC loan-PAST-DECL
‘Miyoung loaned (her) bag to Pomi’ (Example (35) in Kim (2015))

Default phrasing in Korean
[|mijoy-ika| v p[[pomi-cke| v p|kapay-il] y p[pilljotfuottaly|vp|ls  Align | Wrap

XP-R | XP
— a. (mijoy-iga)(pomi-ege) (kabay-il) (pilljot [uotta) *
b. (mijoy-iga)(pomi-ege)(kabay-il billjotfuotta) *
c. (mijoy-iga)(pomi-ege gaban-il billjot[uotta) gk
d. (mijoy-iga bomi-ege gaban-il billjotfuotta) KK

Table 4.5: OT Tableau for the sentence in (26). ‘()’ indicates AP boundaries. ‘—’
marks the optimal candidate.

Second, the rule in (24b), which requires a focused PW to start a new AP, can be
modeled by ranking Align-Foc-L above Wrap-XP. However, Kim (2015) argues that
AlignFoc-L is not enough to derive the prosodic dephrasing. Kim (2015) explains that
AlignFoc-L only ensures that there is an AP boundary at the left edge of the focused
PW. It does not necessitate that PWs following the focused PW are prosodically
phrased together with the focused PW ((24d)). This is shown in Table 4.6. The input
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sentence is the same as in (26), but now [Pomi-eke| is under focus. For this input
sentence, the expected prosodic phrasing is such that there is an AP-boundary on the
left edge of [Pomi-eke|, but the following PWs are prosodically phrased together with
this focused PW as in candidate (d) in Table 4.6. However, the phrasing in candidate
(a), marked with ‘@’ cannot be made less optimal than the expected optimal phrasing
in (d) (marked with ‘@’) because (a) satisfies Align-XP-R, while (d) does not. In fact,
AlignFoc-L only serves to rule out (e), which is already not optimal as it violates the

highly ranked Align-XP-R.

AlignFoc-L fails to capture focus-driven dephrasing in Korean
[[M-ika|ny p|[P-eke| poc| kapay-il| x p[pilljotfuottaly|vp|s  Align | Align | Wrap
Foc-LL | XP-R | XP

& a. (mijoy-iga)(pomi-ege)(kabay-il)(pilljotfuotta) VP
b. (mijoy-iga)(pomi-ege)(kabay-il billjot uotta) * VP
c. (mijoy-iga)(pomi-ege gaban-il)(pilljotfuotta) gl VP
¢ d. (mijoy-iga)(pomi-ege gabay-il billjotfuotta) ko VP

(mijon-iga bomi-ege gaban-il billjot[uotta) * ok

Table 4.6: OT Tableau for the sentence in (26), when [Pomi-eke| is under focus. ()’
indicates AP boundaries. ‘#’ marks the expected optimal candidate which is not
optimal given the ranking of the constraints in the tableau. ‘@’ marks the most ac-
ceptable candidate, though empirically unacceptable, given the ranking of constraints
in the tableau.

®

To account for the post-focus dephrasing in (24d), Kim (2015) proposes a new
constraint ‘Edgemost’ (Right /Leftmost). In this analysis, Rightmost replaces Align-
Foc L, and motivates the AP containing the focused constituent to be rightmost
in the IP. The Edgemost constraint is proposed in previous studies (e.g., Prince &
Smolensky, 1993/2004; Selkirk, 2011) but it had not been discussed to motivate post-

focus dephrasing. Kim (2015)’s definition of Edgemost is given in (27).

(27)  Definition of Edgemost (Example (43) (Kim, 2015))
Edgemost: Focus prominence is Rightmost/Leftmost within a relevant prosodic

domain.

189



In this definition, a prosodic constituent containing the syntactic constituent under
focus is assumed to bear ‘focus prominence’. Kim (2015) assumes that the prosodic
constituent that bears focus prominence is an AP in Korean. The AP that bears focus
prominence is then required by the constraint ‘Rightmost’ (the Rightmost variant of
the Edgemost constraint) to be rightmost within the prosodic constituent above the
AP, which is assumed to be IP in Kim (2015). Table 4.7 illustrates the effect of
Rightmost. In both (d) and (e), the AP containing the focused constituent is also the
rightmost AP in the IP, thus satisfying Rightmost. Candidate (d) is more optimal
than (e) because it violates Align-XP-R one less time than (e). Note that in this
tableau, Align-Foc-L would not change the winning candidate, whether ranked above

or below Rightmost.

Rightmost (Kim, 2015) captures focus-driven dephrasing in Korean

[[M-ikal| y p|[P-eke] poc| K-il] v p[pilljot fuotta]v]v p|s Right | Align | Wrap
most | XP-R | XP
(mijoy-iga) (pomi-ege) (kabay-il) (pilljotfuotta)] *! VP
(pomi-ege)(kabay-il billjotfuotta)]  *! * VP

(mijoy-iga)(pomi-ege gabay-il)(pilljotfuotta)]  *! * VP
. [(mijoy-iga) (pomi-ege gabay-il billjotfuotta)l ok VP
. [(mijoy-iga bomi-ege gaban-il billjot uotta)] K]
Table 4.7: OT Tableau for the sentence in (26), when [Pomi-eke| is under focus. ()’
indicates AP boundaries and ‘[|” around each candidate indicates TP boundaries

a. |
b. [[(mijz)lj—iga)
d.

_>

@

Kim (2015) argues that using Rightmost to account for focus-driven dephrasing
in Korean is supported by the fact that when an AP with a tonal melody ‘LHLH’
is focused, there is a larger initial pitch rise (initial LH), compared to a regular
(non-focused) AP (Oh, 2008). As a result, the prosodic constituent containing the
focused constituent (e.g., a focused AP) is acoustically distinct from other prosodic
constituents of the same level within a larger prosodic constituent (e.g., other APs
within the same IP). This acoustic distinction (e.g., an exaggerated pitch rise of a

focused AP) that a prosodic constituent has compared to other prosodic constituents
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of the same level within a larger prosodic constituent, is what Kim (2015) and studies
cited below refer to as ‘prominence’.

It is a common claim discussed in the literature that a focused constituent is
maximally prominent (acoustically) in a sentence (Truckenbrodt, 1995; Biiring, 2009).
It has also been a motivation for Jun (2006) to introduce a prosodic constituent above
the AP, the intermediate phrase (ip), though Kim (2015) assumes a simpler prosodic
hierarchy without the intermediate phrase.

However, the claim that the prosodic constituent containing the focused con-
stituent is the most (acoustically) prominent within the same prosodic domain has
been challenged empirically (Lee, 2017).

Lee & Xu (2010) has shown that prosodic (acoustic) means to mark (contrastive)
focus is weak in Seoul Korean, compared to English. A constituent under contrastive
focus was marked with a wider range of pitch in both Seoul Korean and English, but
the difference in maximum pitch between the focused and unfocused conditions was
two times bigger in English than Seoul Korean (2.52 semitones in American English;
1.18 semitones in Seoul Korean). Similarly, Downing (2008) showed that in three
Bantu languages (Chichewa, Durban Zulu, and Chitumbuka), there is a mismatch
between the most prominent prosodic constituent and the position of focus in these
languages. Downing showed that regardless of the position of focus, the last prosodic
word was consistently the most prominent prosodic constituent. In addition to these
production studies, Lee (2017) has shown that Korean listeners struggle to find which
word the speaker has intended to focus. Korean listeners were only able to identify the
correct location of focus only 37% of the time, which was surprisingly low though it
was higher than a random chance (10% in their experiment). These studies challenge
the claim that a prosodic constituent containing the syntactic constituent under focus

is maximally prominent in a sentence, at least in Seoul Korean (Lee, 2017).
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Moreover, even if we accept the claim that a focused AP is the most prominent
AP within an IP, the definition of Rightmost in (27) makes a strange prediction for
the acoustic realization of focus. The definition of Rightmost only requires that an
AP containing the focused constituent be the rightmost in an IP. This makes the
prosodic phrasing in (e) that does not have the left edge at the beginning of the
focused constituent [/Pomi-eke/| meet the requirement of Rightmost. However, Kim
(2015) assumes that a focused AP is acoustically distinct from other APs, in that
it has a large initial pitch rise. This means that the prosodic phrasing in (e) would
have an expanded initial rise, but this rise would misalign with the actual constituent
under focus, which is the second PW (|/Pomi-eke/]), not the first PW, in this AP.

Finally, as I show in the next section, Rightmost fails to capture variation in

focus-driven prosodic phrasing.

4.5.3 Modeling variation in prosodic phrasing with weighted constraints

This section presents a proof-of-concept analysis for variation in prosodic phrasing
in Korean. I use a Maximum Entropy (MaxEnt) grammar (Goldwater & Johnson,
2003) to model this variation. In a MaxFEnt grammar, constraints are weighted as
opposed to being strictly ranked (Smolensky & Legendre, 2006; Goldwater & Johnson,
2003). Constraint weights appear right below names of constraints in the tableaux in
this section. Each candidate is assigned a weighted sum of violations of constraints.
These weighted sums are called the Harmony (H) and each candidate in a tableau is
assigned to a probability (p), which is proportional to the exponential of its Harmony.
I assume that these probability values represent how acceptable each candidate is as a
prosodic phrasing, for a given input. If two candidates have the same Harmony, they
will be assigned the same probability. Unlike strict ranking, a candidate that violates
a constraint with a higher weight may end up with the same Harmony value (and

therefore, the same probability) as a candidate that violates multiple constraints with
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lower weights. As a result, weighted constraints have been used to model variation in
phonology (Pater, 2009). Note however, this approach may not be the only possible
way to model variation in prosodic phrasing. For instance, Truckenbrodt (2002)
has proposed using Output-Output correspondence to model variation in prosodic
phrasing in Bengali. I leave for future work to investigate whether such an approach
may be used to model variation in prosodic phrasing in Korean.

The goal of the MaxEnt analyses here is to capture two kinds of variation in
prosodic phrasing in Korean: (i) variation in prosodic phrasing due to syntactic struc-
ture, and (ii) variation in prosodic phrasing after a focused constituent.

In Kim (2015)’s analysis, Align-XP-R is ranked above Wrap-XP to derive the
default phrasing that every PW is prosodically phrased in an AP, as shown in Ta-
ble 4.5. However, in the original proposal in Jun (1993), prosodic phrasing of PWs
under broad focus is more variable. The rule in (24c) only states which prosodic
phrasing is not allowed, i.e., an AP may not end with a PW that is the left element
of a branching constituent. I show that this restriction can be modeled with the
interaction of Align-XP-R and Wrap-XP.

While in a typical MaxEnt analysis, constraint weights are learned from the data,
I will not discuss learning of weights in this chapter. Instead, I have chosen constraint
weights carefully such that they reflect the relative ranking of the constraints in Kim
(2015)’s analysis. In Kim (2015), Align-XP-R is ranked above Wrap-XP to motivate
the default phrasing in (a). I have chosen a weight of 4 for Align-XP-R, and a weight
of 2 for Wrap-XP, to reflect the strict ranking in Kim (2015). In addition, I assume
there is a *AP constraint, with a weight of 1, which is a version of *P-Phrase in
Truckenbrodt (1999).

[ first present an analysis for the sentence in (26) without focus. The analysis is
presented in Table 4.8. The MaxEnt tableau in Table 4.8 has more candidates than

the OT tableau in Table 4.7 because it considers all possible ways that PWs may be
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phrased into APs, without breaking the Strict Layer assumption (Selkirk et al., 1982;
Selkirk, 1986). Another difference from Kim (2015)’s analysis in Table 4.7 is the input
syntactic structure. Rather than assuming there is a VP containing two NPs and the
verb in a ternary branching structure, I assumed a right-branching structure with
recursive VPs, as demonstrated in Figure 4.4. The effect of assuming a different syn-
tactic structure is that Wrap-XP will incur a different number of violations, depend-
ing on which PWs are phrased into APs. The candidate in (b) [(mijoy-iga)(pomi-ege
gabay-il) (pilljotfuotta)| incurs two violations of Wrap-XP for each VP in the input,
while the candidate in (d) [(mijoy-iga)(pomi-ege)(kabay-il billjotfuotta)| incurs only
one violation of Wrap-XP for the VP2 (the higher VP). Violation counts are indicated

with negative integers in Table 4.8.

S
/\
NP VP2
>~ T
mijon-ika NP VP1
N
pomi-eke NP \Y%

N |

kapan-il pilljotfuotta

Figure 4.4: Syntactic structure for the sentence in (26) ‘Miyoung loaned a bag
(/kapar-il/) to Pomi’.

According to the rule in (24¢) (‘an AP may not end with a PW that is the left
element of a branching constituent’), the candidates in (b), (e), and (f) are not allowed
as the last PW in one of the APs of these candidates is the left element of a branching
constituent (NP1 /gabay-il/ in (b) and (f); NP2 /bomi-eke/ in (e)). The possible
phrasings according to this rule are in (a), (c¢), (d), and (g). The weights of constraints
in Table 4.8 assign the largest probability to the default candidate in (a) (0.62), as
desired. This candidate violates Wrap-XP twice but it completely satisfies AlignXP-

R, and therefore gets the highest probability (which I assume to be acceptability of

194



A MaxEnt analysis for variable phrasing in Korean
|[mijoy-ika| v p3|[pomi-eke| y po|[kapay-il| v p1 [pilljotfuottalv |v pi]v o] s

Align Wrap *AP
XP XP
R
4 2 1 H
= a. [(m)(p)(k)(p)] -2 4 |8 062
b. [(m)(p g)(p)] -1 -2 -3 | -11 0.03
— ¢ [(m)(p g b)] -2 2 [-10 0.08
— d. [(m)(p)(k b)] 1 1 3 19 023
e. [(m b)(k)(p)] -1 -2 -3 |-11 0.03
f. [(m b g)(p)| 2 2 2 | -14 0.00
(?) g [(mbgh)] -3 1 [-13 0.00

Table 4.8: MaxEnt Tableau for the sentence in (26). ‘()’ indicates AP boundaries
and ‘[|" around each candidate indicates IP boundaries. Candidates only show the
first letter of each PW. When a PW-initial lenis stop is AP-medial, it is voiced. ‘—’
marks the expected acceptable candidate(s).

prosodic phrasing given the input). Next, the candidate in (d) gets a probability of
0.23, as it violates AlignXP-R and Wrap-XP once each. This is considered to be
better accepted by the grammar than the candidate in (c¢) which violates AlignXP-R
twice but not Wrap-XP, as AlignXP-R has a higher weight than Wrap-XP. Though
*AP is not the main component of this analysis, it also plays a minor role as it is
what makes the candidate in (c) more optimal than (b). Without this constraint,
both candidates would get equal Harmony values (b: 4 * (-1) + 2 * (-2) = -8 and c:
4 * (-2) = -8).

The MaxEnt analysis in Table 4.8 correctly assigns high probabilities to three
phrasings (a), (c), and (d), which are predicted to be acceptable by the rule in (24c)
(Jun, 1993). Among them, it also assigns the highest probability to the default
prosodic phrasing in (a) (Jun, 1993; Kim, 2004; Jun & Kim, 2004). The analysis also
predicts specifically that the phrasing in (d) is more acceptable than the phrasing in
(c), while the rule in (24c) only predicts that both are acceptable. I leave this issue

for future research. In addition, the analysis predicts that the phrasing in (g) is not
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acceptable, contra the prediction in Jun (1993) that the phrasing in (g) is acceptable
(hence the ‘7’ in Table 4.8). While I suspect that the phrasing in (g) is only allowed
when the sentence is spoken in fast speech, I leave this issue for future research as
well.

Next, I move onto the sentence in (26), with [pomi-eke| under focus.

Regarding focus-driven prosodic dephrasing, Cho (1990) has proposed that only
the PW that is immediately following the focused PW is prosodically phrased together
with the focused PW in the same AP. Jun (1993) has challenged this generalization by
showing that her consultants consistently produced speech where more than one PW
following the focused PW was prosodically phrased together with the focused PW
(e.g., Example (4) on p. 187 in (Jun, 1993)). I propose that both generalizations may
be correct if we accept the possibility that prosodic phrasing can vary given an input
syntactic and information structure. The rule in (24d) may then be reformulated
as one of the two following statements as in (28). These two reformulations are

formalized as violable constraints as in (29).

(28)  Reformulation of focus-driven dephrasing rule in (24d)

a. It is not desirable that the PW immediately following the focused con-
stituent starts a new AP.
b. It is desirable to phrase as many PWs as possible together with the

focused PW in the same AP, within an Intonational Phrase.

(29)  Constraints motivated from (28)

a. *Foc, R, AP, R (*FocAP-R): Assign a violation for every focused con-

stituent whose right edge aligns with an AP right edge.
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b. Align(Foc, R, IP, R, AP) (AlignFocIP-R): Align the right edge of the fo-
cused constituent with the right edge of the IP that contains the focused

constituent. Assign a violation for every intervening AP.6

The first reformulation in (28) is formalized as a markedness constraint and the second
reformulation in (28) is formalized as a generalized alignment constraint (McCarthy
& Prince, 1993) in (29).

Note that the first reformulation is more general as it does not distinguish between
a phrasing where all PWs following the focused PW are prosodically phrased together
(e.g., (PWgoe PW PW PW)4p) and a phrasing where only the immediately following
PW is prosodically phrased together with the focused PW (e.g., (PWgoe PW)ap
(PW)ap (PW)ap). Both of these phrasings will satisfy *FocAP-R. On the other
hand, the second reformulation will prefer the former phrasing over the latter, as
there are fewer number of AP right edges intervening between the focused constituent
and the right edge of the IP, when there is just one AP inside the IP. I argue that
both constraints are needed to capture the expected variation in prosodic phrasing
after a focused constituent. In addition, I argue that AlignFoc-L cannot be left out
of the constraint set, contra Kim (2015).

Kim (2015) has proposed that Rightmost is ranked above Align-XP-R to derive
the focus-driven dephrasing observed in Korean. Similarly, I have chosen a weight of
5 for Align-Foc-L, *FocAP-R, and AlignFocIP-R, which is higher than the weight of
4 for Align-XP-R. I will show how Align-Foc-L. and *FocAP-R are mainly responsible

for deriving the prosodic dephrasing. I will also demonstrate how AlignFocIP-R is

6T followed McCarthy & Prince (1993) and Hyde (2012) and in using the notation ‘Align(ACat1,
Edgel, ACat2, Edge2, SCat)’. This particular definition appears in Hyde (2012): ‘the Edgel of
every ACatl coincides with the Edge2 of some ACat2. Assess a violation mark for every SCat that
intervenes between edges that fail to coincide’ (p. 791).
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responsible for making the candidate in (c) the only acceptable candidate, which Jun
(1993) has argued to be the case.

We use the same sentence in (26) as in Table 4.8, but now with the focused PW
[pomi-eke|. The MaxEnt tableau in Table 4.9 presents the analysis. In this tableau,
the predicted two possible phrasings are in (b) and (c). If we follow Cho (1990)’s
generalization that only the immediately following PW is dephrased, the acceptable
phrasing is (b). In contrast, if we follow Jun (1993)’s generalization that all PWs
following the focused PW within the IP are dephrased, the acceptable phrasing is (c).
If we allow for both these phrasings to be acceptable, which is what I argue here, we

expect both (b) and (c) to get some probabilities in the MaxEnt tableau.

A MaxEnt analysis for focus-driven dephrasing in Korean
“mlJ Z)IJ-ika] NP [[pomi—eke] NPFoc [[kapalj-ﬂ] NP [pluj :)tfu:)tta] V] VPl] VPQ] S

Align  *Foc Align Align Wrap *AP

Foc AP  FoclP XP  XP

L R R R

5 5 5 4 2 1 H p
a. [(m)(p)(k)(p)] -1 -2 -2 -4 [-23 0.00
b. [(m)(p g)(p)] 1 1 2 3 |16 0.00

— ¢ [(m)(p g b)] -2 2 210 1.00

d. [(m)(p)(k b)] 1 1 1 1 3 [-19 0.00
e. (mb)X)(p)] -1 1 2 1 2 3 [-31 0.00
[ [mbgp)] -1 1 2 2 2 24 0.00
g [(m b ghb)] -1 -3 1 [-18 0.00

Table 4.9: MaxEnt Tableau for the sentence in (26), when [pomi-eke| is under focus.
‘() indicates AP boundaries and ‘[|” around each candidate indicates IP boundaries.
Candidates only show the first letter of each PW. When a PW-initial lenis stop is
AP-medial, it is voiced. ‘—’ marks the expected acceptable candidate(s).

We first consider Jun (1993)’s generalization in Table 4.9. AlignFoc-L assigns a
violation for (e), (f), and (g) as these candidates are missing an AP boundary at the
left edge of the focused constituent [pomi-eke|. *FocAP-R assigns a violation for (a),

(d), and (e) as these candidates have an AP boundary at the right edge of the focused
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constituent [pomi-eke|. The only two candidates that do not incur any violations from
these constraints are (b) and (c), which are the two expected acceptable candidates.

As this is the first tableau where AlignFocIP-R is introduced, it is worth explaining
how it assigns violations to the candidates in this tableau. AlignFocIP-R assigns two
violations for (e), as there are two APs ((kapay-il) 4p, (pilljotfuotta)sp) between the
right edge of the focused constituent [pomi-eke| and the right edge of the IP (the end
of the sentence). It assigns one violation for (f), as there is one AP ((pilljotfuotta)p)
between the right edge of the focused constituent and the right edge of the IP. I
assume that the right boundary of the AP containing the focused constituent ((mijoy-
iga bomi-ege gapan-il) 4p) does not incur violation for AlignFocIP-R, as the right edge
of the focused element is contained within this AP, and therefore this AP as a whole
may not be said to intervene between the right edge of the focused constituent and
the right edge of the IP. However, the analysis is essentially the same if we assume
that AlignFocIP-R counts every ‘AP right edge’, rather than every AP, intervening
between the right edge of the focused constituent and the right edge of the IP. It
would simply just increase the number of violations for AlignFocIP-R by one. In
Table 4.9, AlignFocIP-R has a weight of 5, which makes the Harmony of (b) deviate
from that of (c). As a result, the only acceptable candidate in Table 4.9 is (c), as
Jun (1993)’s focus-driven dephrasing rule predicts (‘all PWs after the focused PW
becomes dephrased’).

Now consider the MaxEnt tableau in Table 4.10, where AlignFocIP-R has a weight
of 1. Decreasing the weight on AlignFocIP-R has the effect of increasing the prob-
ability on (b). As a result, (b) gets a probability of 0.12. I argue that individual
speakers may have different weight on AlignFocIP-R, which may explain why some
speakers consistently produce the phrasing in (c) where all PWs are dephrased after
the focused PW (Jun, 1993), while some speakers produce the phrasing in (b) where

only the immediately following PW is dephrased after the focused PW (Cho, 1990).
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A lower weight on AlignFocIP-R increases probability of (b)
“mlJ Z)IJ-ika] NP [[pomi—eke] NPFoc [[kapalj-ﬂ] NP [plllj :)tfu:)tta] V] VPl] VPQ] S

Align  *Foc Align Align Wrap *AP
Foc AP  FoclP XP XP
L R R R
5 5 1 4 2 1 H p
a. [(m)(p)(k)(p)] -1 -2 -2 4 [-15 0.01
— b [(m)(p g)(p)] -1 -1 -2 -3 [-12 012
— ¢ [(m)(p g b)| -2 2 [-10 0.87
d. [(m)(p)(k b)] 1 -1 1 1 3 [-15 0.01
e. [(m b)(k)(p)] -1 -1 -2 -1 -2 -3 -23 0.00
L [(mbg)lp)] -1 1 2 2 2 [-20 0.00
g [(mbgb)] -1 -3 1 [-18 0.00

Table 4.10: MaxEnt Tableau for the sentence in (26), when [pomi-eke| is under focus.
‘() indicates AP boundaries and ‘[|” around each candidate indicates IP boundaries.
Candidates only show the first letter of each PW. When a PW-initial lenis stop is
AP-medial, it is voiced. ‘—’ marks the expected acceptable candidate(s).

Interestingly, the current analysis also predicts that there is an upper boundary on
the probability of (b), assuming we do not assign negative weights on constraints
(Pater, 2009). When we decrease the weight of AlignFocIP-R further, the probability
of (b) will continue to increase, but it cannot go above 0.26, which is the probability
of (b) when AlignFocIP-R has a weight of 0. I leave empirically testing this prediction
for future research.

If AlignFocIP-R may have a weight of 0, is it also possible for *Foc-R to have a
weight of 07 If *Foc-R has a weight of 0 and AlignFocIP-R has a high weight as in
Table 4.9, it also results in (c) being the only acceptable candidate. However, when
AlignFocIP-R has a lower weight, while holding *Foc-R at 0, the probability of the
acceptable candidate (b) [(m)(p g)(p)|] cannot ever be higher than a nonacceptable
candidate (d) [(m)(p)(k b)] because (d) incurs fewer number of Wrap-XP violations
than (b) does. As a result, I argue that *Foc-R is necessary in order to capture both

generalizations in Cho (1990) and Jun (1993). As I have shown in Table 4.9 and
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Table 4.10, AlignFocIP-R is then responsible for how acceptable (b) [(m)(p g)(p)]
becomes.

In these two tableaux, another thing to note is that AlignFoc-L seemingly plays
little role in determining the acceptable candidate(s). Consider the three candidates
that violate this constraint, (e), (f) and (g), in Table 4.10. Candidates (e) and (f)
already have a high enough Harmony if we imagine there is a zero weight on AlignFoc-
L (-18 for (e) and -15 for (f)). Candidate (g) would have a harmony of -13 if there is
a zero weight on AlignFoc-L and it would make it closer to (b) which has a harmony
of -12. As a result, it would have a non-zero probability on (g) (0.04 to be exact).
Still, the probability on (g) would not go beyond the probability on the expected
acceptable candidates (b) and (c).

However, when focus-driven dephrasing misaligns with the syntactic constituent
that satisfies Wrap-XP, AlignFoc-L plays a crucial role in ruling out the candidates
that satisfy Wrap-XP. For an example, consider the sentence in (30), which has a

(partial) left branching syntactic structure (see Figure 4.5).7

(30)  PRO musoun pomkore-e kapan-il po-as™*-ta
PRO scary  orca-GEN bag-ACC see-PAST-Decl.

PRO saw scary orca’s bag.

"Since the subject of this sentence (PRO) is not spoken, I treat this as a left branching structure.
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S

/\
NP VP
A /\
PRO NP4 %
/\ ‘

NP2 NP3  po-as*ta
AdjP NP1 kapan-il

PN

musoun pomkore—e

Figure 4.5: Syntactic structures for the sentence in (30)

AlignFoc-L needs to have a high weight for a left branching structure
[[[[[musoun] 44 p|[pomkore-e| n proc| [kapay-il| x p|[[po-as™-ta|y|v p||s

Align *Foc Align Align Wrap *AP
Foc AP FoclP XP XP
L R R R
0 5 5 4 2 1 H p
a. [(m)(p)(k)(p)] -1 -2 -2 -4 [-23 0.00
— b. [(m)(p g)(p)] -1 -1 -2 -3 [-16 0.03
— ¢ [(m)(p gb)] 2 2 2 14 024
d. [(m)(p)(k b)] 1 1 1 2 3 [-21 0.00
e. (mb)(K)(p)] -1 -1 =2 1 1 3 |24 000
f.[mbg)p)] -1 1 2 2 [-15 0.09
* g [(mbghb) -1 -3 1 [ -13 0.64

Table 4.11: MaxEnt Tableau for the sentence in (30), when [/pomkore-e/] is un-
der focus. ‘() indicates AP boundaries and ‘||” around each candidate indicates IP
boundaries. Candidates only show the first letter of each PW. When a PW-initial
lenis stop is AP-medial, it is voiced. “*’ marks the most acceptable candidate, though
empirically unacceptable, given the weights of constraints in the tableau. ‘—’ marks
the expected acceptable candidate(s).

The MaxEnt Tableau for this sentence is in Table 4.11. Note that everything
except for the violations of Wrap-XP should be the same between the two MaxEnt
tableaux in Table 4.10 and Table 4.11. As Table 4.11 shows, if AlignFoc-L has a
zero weight, the candidate (g) gets the highest probability because it satisfies both

*FocAP-R and AlignFocIP-R, just as the expected acceptable candidate (c) does,
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while satisfying Wrap-XP completely. In Kim (2015)’s analysis, the syntactic struc-
ture of the input sentence is never a problem since constraints are strictly ranked as
opposed to being weighted, and the analysis does not intend to model variation. In
Kim (2015), both (g) and (c) would satisfy Rightmost, but (g) violates AlignXP-R
more than the optimal candidate (c) does, and therefore gets ruled out. Once we
assume constraints are weighted, we need AlignFoc-L back to rule out (g), i.e., a
nonacceptable candidate that satisfies Wrap-XP. The correct analysis with a high

weight on Align-Foc-L (5) is presented in Table 4.12.

Variable phrasing for a left branching structure as in (30)
[[[[[musoun]| a4 p|pomkore-e| n proc| [kapay-il| x p|[[po-as™-ta|y v p||s

Align  *Foc Align Align Wrap *AP
Foc AP  FoclP XP XP
L R R R
5 5 5 4 2 1 H
a. [(m)(p)(k)(p)| -1 -2 -2 -4 [-23 0.00
— b. [(m)(p g)(p)] 1 1 2 3 | -16 0.12
— ¢ |(m)(p g b)] -2 2 2 |-14 0.86
d. [(m)(p)(k b)] 1 1 1 2 3 [-21 0.00
e. (mb)K)(p)] -1 1 -2 1 1 3 |-29 000
f. [(m b g)(p)] -1 -1 -2 -2 -20  0.00
g [(m b g b)] -1 -3 1 [-18 0.02

Table 4.12: MaxEnt Tableau for the sentence in (30), when [/pomkore-e/| is under
focus. ‘()” indicates AP boundaries and ‘[|” around each candidate indicates IP bound-
aries. Candidates only show the first letter of each PW. When a PW-initial lenis stop
is AP-medial, it is voiced. ‘—’ marks the expected acceptable candidate(s).

One prediction that the current MaxEnt analysis makes is that the relative ac-
ceptability of (b) may be different depending on the syntactic structure of the input
sentence (right-branching in Figure 4.4 and left-branching in Figure 4.5). Recall that
in Table 4.8, when AlignFocIP-R has a weight of 5, the probability of (b) becomes
vanishingly small. However, in Table 4.12, when AlignFocIP-R has a weight of 5, the
probability of (b) is still 0.12. To make the probability on (b) become 0, AlignFocIP-R

needs to have a weight larger than 8. This makes an interesting hypothesis that can
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be tested empirically. If we assume individuals differ in the weight of AlignFocIP-R,
we predict that there may be a speaker who has a weight of 5 for AlignFocIP-R. We
expect this person to never accept the phrasing in (b) for a right-branching structure
((b) would get a probability of 0 in this person’s grammar) but finds the phrasing in
(b) acceptable for a left-branching structure. Again, I leave empirically testing this
prediction for future research.

To summarize the section thus far, I have presented a MaxEnt analysis for the
variable phrasing in Korean. This analysis extends the analysis of Kim (2015) in two
aspects. First, besides modeling the default phrasing that ever PW becomes an AP, it
also assigns probabilities to other phrasings that are allowed by the rules in (24) (Jun,
1993). Second, in modeling the focus-driven dephrasing, it captures how a prosodic
phrasing that only dephrases the immediately following PW after the focused PW
may be acceptable, in addition to the phrasing that phrase all PWs after the focused
PW. With this set up, I now return to the analysis of the prosodic phrasing of the

/klman,/ + Verb construction.

4.5.4 Analysis of prosodic phrasing of the /klman/ + Verb construction

I start by presenting syntactic structures of the sentences in (19) (the ‘stop/start
blowing’ sentences), for which I've proposed the prosodic structures in §4.4. These
syntactic structures will be the input for the tableaux. The prosodic parse candidates

are introduced next, followed by the MaxEnt analysis.

4.5.4.1 Input: Syntactic structures

I repeat the example sentences in (31) and present the syntactic structures of the
two meanings of this sentence in Figure 4.6. The syntactic structures are meant to
be a schematization of the difference in the syntactic structures of the two sentences,
and are subject to further syntactic investigations. For instance, I do not propose

that kimang,,; is necessarily adjoined at a higher position than CP, but that it is
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at least not in the same verbal projection with the verb. T use a transitive verb (‘to
blow’) in the examples but intransitive verbs would have similar syntactic structures,

except that they would not have their object NP in the verbal projection.

(31)  /kiman pul-mjon  tfoh-kes*-ta/
up to that degree/amount blow-COND be good-FUT-DECL

S S
/\ /\
TP C  tokPet*a AdvP Cp ffo.kle.t*a
VP1 T mjon kimanq, TP C
NP VP2 VP T mjon

N

<it-ACC>  AdvP \% NP \Y%
N |

kimang,, pul <it-ACC> pul

(a) ‘It would be good if (you) could stop (b) ‘It would be good if (you) could start
blowing (it).’ blowing (it).’

Figure 4.6: Syntactic trees for the two meanings of the sentence in (31)

In the syntactic structure, I follow previous studies in that the verbal suffixes (such
as the conditional suffix /mjon/) are projected as heads in the syntactic structure (e.g.,
Yoon, 1993; Chung, 2011). The consensus in the Korean literature seems to be that
these suffixes are not just phrased together with their host (e.g., verb) in a larger
prosodic constituent (AP), but that they form a single PW with their host (e.g.,
Yoon, 1993; Chung, 2011). This is in line with the K-ToBI model that assume verbal
suffixes and case-marking suffixes are assumed to form a single PW with their host in
Jun (2000). I follow these studies and assume that the verbal suffix is syntactically
generated as a functional head of a higher phrase, but it is prosodified together with a
host in the lower position. I also flatten the syntactic structure in Figure 4.6 assuming
an empty projection like TP does not affect the prosodic phrasing, following Bennett

et al. (2016). The resulting simplified syntactic structures are in Figure 4.7.
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AdvP |Focus] \Y% fo.kle.t*a AdvP VP [Focus| tfokPe.t*a
|

kimang,,  pulmjon kimang,,+  pulmjon

(a) ‘It would be good if (you) could stop (b) ‘It would be good if (you) could start
blowing (it).’ blowing (it).’

Figure 4.7: Simplification of the syntactic trees in Figure 4.6

I claim that the constituent containing kimang,, and the constituent containing
the verb following kimang,,; are under focus. The syntactic structure of these two
sentences in Figure 4.7 do not differ in terms of where XP boundaries are located.
The only difference is that the verb after kimang,,, is not in a VP on its own, while
the verb after kimang,,; is. However, in both syntactic structures there is an XP
boundary after the verb. Consequently, there is no motivation to posit a difference
in prosodic phrasing based on the proposed syntactic structure alone, if we do not
assume different constituents are under focus in these two sentences.

Note that this is under the assumption that none of the candidates in the tableau
have recursive prosodic structures, following the proposal that Korean does not allow
recursive prosodic structures (Jun, 1993; Kim, 2015). I discuss an alternative analysis

that allows recursive prosodic structures in subsection 4.6.2.

4.5.4.2 Candidates

In the input structures in Figure 4.7, there are three PWs to be prosodically
phrased in AP(s). Consequently, there are four candidates in the tableaux in (32).
These are all possible phrasings of the three PWs into APs, without breaking the

Strict Layer assumptions (Selkirk, 1986).

(32) a. (kiman)(pulmjon)(tfo.kle.t*a)
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b.  (kiman pulmjon)({fo.k"e.t*a)
c.  (kiman)(pulmjon ffo.k e.t*a)

d.  (kiman pulmjon tfo.k"e.t*a)

As a reminder, I repeat the proposed difference in prosodic phrasing in (33) and (34)
(= (20) and (21)).

(33)  Stop Verb-ing in Figure 4.7a

a. *|kiman|[pul-mjon|[tfoh-kes*-ta]
b. *[kiman|[pul-mjon ffoh-kes*-ta
c.  Acceptable: |kiman pul-mjon|[tfoh-kes*-ta]
d. Acceptable: [kiman pul-mjon tfoh-kes*-tal

(34) Start Verb-ing in Figure 4.7b

a. Acceptable: [kiman|[pul-mjon|[tfoh-kes*-ta]
b.  Acceptable: |[kiman][pul-mjon tfoh-kes*-ta]
c. *|kiman pul-mjon]|tfoh-kes*-ta|

d. *[kiman pul-mjon tfoh-kes*-ta]

4.5.4.3 MaxEnt tableaux

I now present the MaxEnt tableaux for the two sentences in Figure 4.7. First,
[ assume an arbitrarily high weight on AlignFocIP-R (10) which makes only one
candidate in each tableau acceptable. Table 4.13 presents the analysis.

The upper tableau is for the Stop Verb-ing sentence in Figure 4.7a and the lower
tableau is for the Start Verb-ing sentence in Figure 4.7b. In the upper tableau,
/kiman/ is under focus, causing all following PWs to be dephrased (candidate (d)).
In the lower tableau, the verb after /kiman/ is under focus, and causes the following
PW to be dephrased (candidate (b)). This difference in the location of focus leads

to the important difference that the verb after /kiman/ starts a new AP in the Start
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A. Prosodic phrasing for Stop Verb-ing sentence in Figure 4.7a
[[[[kimans;.,| Focpul-mjon]y p|cp[tfok et*aly p|s

Align *Foc Align Align Wrap *AP

Foc AP  FoclP XP XP

L R R R

) 5) 5} 4 2 1 H p
a. [(k)(p)(tf)] -1 -2 -1 -3 -30  0.00
b. [(k)(p d3)] -1 -1 -1 -1 -2 -23 0.00
e |k b)(])] 1 1 2 [-16 0.00

= d [(kbd3)] 2 1 |9 100

B. Prosodic phrasing for Start Verb-ing sentence in Figure 4.7b
[[[kimanStart]Ava [pUl'mj:)n]Foc]CP [tIOkhet*a] VP]S

a. [(k)(p)(t))] 1 -1 1 3 120 0.00
— b. |(k)(p d3)] -1 1 2 [8 1.00
c. [kb)(t)] -1 1 -1 1 2 26 0.00
d. [(kbd3)] -1 ) 1 [-14 0.00

Table 4.13: MaxEnt Tableau for the sentences in Figure 4.7

Verb-ing sentence, while it does not in the Stop Verb-ing sentence. If we do not
assume this difference in the input structures, we would predict exactly the same
prosodic phrasing for the two sentences because in these two tableaux, the violations
for AlignXP-R, Wrap-XP, and *AP are identical.

Now, consider the case where AlignFocIP-R has a weight of 0, which is presented in
Table 4.14. Again, the upper tableau is for the Stop Verb-ing sentence in Figure 4.7a
and the lower tableau is for the Start Verb-ing sentence in Figure 4.7b.

As shown in §4.5.3, this should lead to increasing the probability on the al-
ternative candidate, which is one where only the immediately following PW after
the focused PW is dephrased. The alternative candidate should be (c¢) (|(kiman
bulmjon)(tfok"et*a)|) for the Stop Verb-ing sentence. In the upper tableau, as ex-
pected, the alternative candidate in (c) (|(kiman bulmjon)(tfok"et*a)|) gets a higher
probability than unacceptable candidates (a) and (b). There is a small probability
assigned to the default candidate in (a) but this may be removed if we assume an even

higher weight on *FocAP-R. However, somewhat unexpectedly this candidate gets a
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A. Variable phrasing for Stop Verb-ing sentence in Figure 4.7a
A zero weight on AlignFocIP-R makes (c¢) more acceptable than (d)

|[|[kimang;,| ropul-mjon]y plcp|tfok et *aly p|s

Align  *Foc Align Align Wrap *AP
Foc AP  FoclP XP XP
L R R R
) 5) 0 4 2 1 H p
a. [(k)(p)(tf)] -1 -2 -1 -3 -10  0.02
b. [(k)(p d3)] -1 -1 -1 -1 -2 -13 0.00
— ¢ [(k b)(t))] -1 -1 -2 -6 094
= d [(kbd3)] 2 1 |9 005

B. Variable phrasing for Start Verb-ing sentence in Figure 4.7b
|[[kimansari| agp[Pul-mjon| poc|cp[tf Okhet*a]VP]S

— a. [(k)(p)(t))] -1 -1 -1 -3 -10 0.12
—  b. [(k)(p d3)] 1 1 2 |8 088
c. (kb)) -1 1 -1 1 2 [-16 0.00
d. [kbdg)] -1 2 1 | -14 0.00

Table 4.14: MaxEnt Tableau for the sentences in Figure 4.7 when AlignFocIP-R has
a weight of 0.

even higher probability than (d), since it satisfies both Align-XP-R and Wrap-XP
better than (d) does. It is a result of a combination of factors. This Stop Verb-ing
sentence has a left branching structure, has only three PWs, and the first PW of those
is under focus. When these conditions are met, the candidate in (c) gets the highest
probability, as opposed to (d), when we lower the weight on AlignFocIP-R to 0. When
these specific conditions are met, even when the first PW (/kiman/) is under focus,
the most acceptable prosodic phrasing may not be the one that dephrases all PWs
after the focused PW, but the one that only dephrases the immediately following PW
after the focused PW, when the weight on AlignFocIP-R is low.

In the lower tableau, the two generalizations of Cho (1990) and Jun (1993) only
predict that the candidate (b) should be the most acceptable because there are not
enough PWs after the focused PW (the second PW in the sentence) to differentiate
the two generalizations. In this case, the candidate in (a) gets a probability of 0.12

once we assume a zero weight on AlignFocIP-R. This is because it satisfies both
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AlignFoc-L and AlignXP-R, while (¢) and (d) do not. As a result, though (a) violates

a high-weighted constraint *FocAP-R, it is still more acceptable than (c) and (d).

4.5.5 Section summary

In this section, I have discussed the syntax-prosody mapping of the /kiman,/ +
Verb construction, and argued that the difference in the information structure (which
word is under focus) derives the difference in prosodic phrasing discussed in §4.4.

I have based my analysis on the proposals made in Truckenbrodt (1999) which
uses AlignXP, WrapXP, and AlignFoc, in capturing focus-driven prosodic resturing.
I have reviewed Kim (2015)’s analysis which proposes to use Rightmost to account
for focus-driven dephrasing in Korean. While these works have primarily focused
on how the most acceptable phrasing becomes optimal in an OT tableau, I have
extended their analyses and proposed a MaxEnt analysis that assigns probabilities to
the prosodic phrasing candidates, which I assume to correspond to how acceptable
each candidate is.

[ have formalized AP phrasing rules of Jun (1993) which predicts a set of accept-
able and unacceptable candidates in terms of weighted constraints where AlignXP-R,
WrapXP, and *AP interact. I have shown that these constraints can correctly assign
reasonable probabilities to the prosodic phrasing candidates which are predicted by
Jun (1993)’s AP phrasing rules.

In addition, I have shown constraint interaction between AlignFoc-L, *FocAP-R,
and AlignFocIP-R, may account for variation in focus-driven dephrasing (e.g., at least
the immediately following PW after the focused PW is dephrased, but PWs following
it may or may not be dephrased) in Korean.

I have shown that this set of constraints can account for the variable prosodic

phrasing of the /kiman/ + Verb construction, which is the main focus of this chapter.
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I have argued that /kiman/ is under focus in the Stop Verb-ing sentence, while the
verb following /kiman/ is under focus in the Start Verb-ing sentence.

The MaxEnt analyses have made specific predictions about the relative accept-
ability of prosodic phrasings given a particular syntactic structure (left-branching
or right-branching). Testing these predictions empirically awaits further studies, in

order to corroborate these analyses.

4.6 Discussion

This section discusses two remaining issues.

First, I briefly discuss why /kiman/ may be under focus in the Stop Verb-ing sen-
tence, while the verb following /kiman/ is under focus in the Start Verb-ing sentence.

Second, I discuss how assuming recursive prosodic structures can account for the
difference in prosodic phrasing of the two /kiman/ sentences, without having to as-
sume either /kiman/ or the verb following /kiman/ is under focus. However, assuming
recursive prosodic structures fails to capture the variation in prosodic phrasing of the

/kiman/ + Verb construction.

4.6.1 Difference in information structure

In §4.5, I have assumed that there is a difference in information structure between
the two /kiman/ + Verb sentences, which is why the two sentences are prosodically
phrased differently. I discuss issues related to this assumption here. I repeat the
relevant statements in Gim (2004)’s observation, which is introduced in §4.2.3. Gim
(2004)’s original claim is that /kiman/ receives a focus in the Stop Verb-ing sentence

while it does not in the Start Verb-ing sentence.
When /kiman/ is used with the ‘stop meaning’, ... it is natural that

[/kiman/| receives a focus, since it is an important factor that changes
the truth condition of the entire proposition.
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[On the other hand, when it is used with the ‘start meaning’|, /kiman/
. it does not serve as the focus of information. (Gim, 2004, p. 62)

In previous studies and in the current chapter, the term ‘focus’ refers to an element
in the sentence that is compared with a set of alternatives (Rooth, 1992; Katz &
Selkirk, 2011). Gim (2004) instead seems to use the term ‘focus’ in a slightly different
way, as an element that is important for the truth condition of the proposition. In a
sense, the way Gim (2004) uses the term ‘focus’ is similar to a negation marker, as
it reverses the truth condition of the proposition. In Chapter 3, I have shown that
the negation marker /an/ in Korean has been proposed to be a verbal prefix by some
authors (Kim, 1999), meaning the verb following /an/ does not start a new AP. I
suspect there may be a unifying semantic account of why kimang,, and /an/ behave
similarly in terms of prosodic phrasing, but I leave this for future research. In short,
though I have to assume kimang,, is under focus in the Stop Verb-ing sentence, I do
not have a clear semantic answer why it is under focus, other than pointing out that
a semantically similar word /an/, which is a negation marker, behaves in a similar
way in terms of prosodic phrasing.

On the other hand, I have argued that it is reasonable to assume that the verb
following kimang,,; is under focus in the Start Verb-ing sentence, though it has not
been explicitly stated in Gim (2004). I summarize the main arguments here. In
§4.3, I have compared kiman,,,; with the sentential LE in Mandarin Chinese and the
clausal adverbs, all of which is assumed to be adjoined to a higher position in the
syntactic structure. In particular, one analysis of the sentential LE (Wang, 2018) has
proposed that the sentential LE works as a focus marker, which sets a comparison
between the proposition that it modifies (P) and a set of alternatives (p. 249), which
may be described as the negation of that proposition (not P). Similarly, in §4.3.3, I
have argued that clausal adverbs also set a comparison between the proposition that

it modifies (P) and a set of alternatives, which may be described as the negation of
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that proposition (not P). I have argued that the meaning of kimang, is similar to
that of the sentential LE and clausal adverbs in that it sets a comparison between
the proposition that it modifies (P) and the negation of that proposition (not P).
For instance, /kimang,+ pulos®-ta (blow-PAST-DECL)/ means that the state where
the action of blowing has taken place (P), specifically in contrast to the state where
it has not taken place (not P). In this regard, /kiman/y,+ may also be similar to
‘only’ in English, which has been argued to be a focus particle, which signals that
some later element in the sentence is under focus (Rooth, 1992). Diagnosing whether
/kiman/ g+ functions as a focus particle in the same way as ‘only’ does, requires

further investigation.

4.6.2 Recursive prosodic structures in Korean

In the analyses presented in §4.5, I have only considered prosodic phrasings that do
not have recursive APs. However, in the literature, it has been proposed that recursive
prosodic structures may be more suitable for capturing how syntactic structures,
which are recursive in nature, map onto prosodic structures (e.g., Ito & Mester,
2012). In these proposals, the idea is that the constraint against prosodic recursion
in the Strict Layer Hypothesis (Selkirk, 1984) may be violated, in the same way that
other OT constraints (e.g., WrapXP) are violable. For instance, Truckenbrodt (1999)
has shown that in a Bantu language, Kimatuumbi, diagnostics for prosodic phrasing
suggest that certain syntactic structures may be mapped onto recursive prosodic
structures.

In Korean, Baek & Yun (2018) and Lee (2022) proposed the recursion of APs to
derive the prosodic structure of relative clauses more transparently from the syntactic

structure. In these studies, each syntactic phrase (XP) is assumed to be matched with

an AP (Selkirk, 2011).
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Following these studies, I show briefly that if we assume prosodic recursion, it
is possible to derive the difference in prosodic phrasing of the two /kiman/ + Verb
sentences, without having to assume either /kiman/ or the verb following /kiman/ is
under focus.

The syntactic structure for the /kiman/ + Verb construction is in Figure 4.8,
repeated from Figure 4.7. Adopting the recursive AP proposal, the prosodic structures

for the /kiman/ + Verb construction would look like the ones in Figure 4.9.

S S
/\ /\
VP /CP VP XP/CP VP
AdvP V tfo.ke.t*a AdvP VP tfoklet*a
o~
kimang,, pulmjon kimang,,; pulmjon

(a) ‘It would be good if (you) could stop () ‘It would be good if (you) could start
blowing (it).’ blowing (it).’

Figure 4.8: Syntactic structures for the two /kiman/ sentences, repeated from Fig-
ure 4.7

IP IP

/\ /\

AP AP AP AP

N N

AP PW  fokle.t*a AP AP  foklet*a

T | |

PW  bulmjon PW PW
kiman kiman pulmjon
(a) Stop blowing (b) Start blowing

Figure 4.9: The recursive AP proposal
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I do not discuss how the prosodic phrasings in Figure 4.9 may be derived in an
OT tableau, as a typical study that assumes prosodic recursion does (e.g., Trucken-
brodt, 1999). Instead, I only outline the implications of this recursive AP proposal
in Figure 4.9.

One major problem for assuming this prosodic structure is that we do not have an
immediately obvious way to account for the expected variation in prosodic phrasing,
when no PW is under focus (Jun, 1993). For a left-branching structure, such as
the one in Figure 4.8a (the syntactic structure for the Stop Verb-ing sentence), the
prosodic structure in Figure 4.9a may always be the optimal prosodic phrasing. It
becomes a puzzle that why then the alternative prosodic phrasing where all PWs are
phrased into one AP may also be acceptable. While it may be possible to account for
this variation using recursive prosodic structures, I leave this for future studies.

The second implication of the recursive AP proposal concerns how we can diag-
nose the ‘correct’ prosodic structure given a syntactic structure. For instance, in the
analysis for Kimatuumbi, Truckenbrodt (1999) uses two different phonological pro-
cesses to diagnose left and right edges of a prosodic constituent. Truckenbrodt (1999)
shows that ‘shortening of a long stem vowel’ is sensitive to right edges of phonolog-
ical phrases while ‘phrasal tone insertion’ is sensitive to left edges. When there is a
shortening on the right edge of the first PW, which is not immediately followed by a
phrasal tone insertion on the left edge of the second PW, it is interpreted as evidence
for a recursive prosodic structure, i.e., ((PW),,n, PW),,, by Truckenbrodt (1999).

I will briefly explain why it may be not as straightforward to diagnose such a case
in Korean. In Korean, a phrase final tone (Ha) is used as a diagnostics to identify
the right edge of an AP (Choi et al., 2020; Hatcher et al., 2024, e.g.,). Acoustic
realization of lenis stops serves as a diagnostics for an AP left boundary: if it is
lenited, there is no AP boundary on the left edge of that lenis stop. The main

problem of this diagnostics is that it crucially relies on the fact that the phrase final
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tone is acoustically distinct from the phrase medial ‘+H’ tone. Depending on the
assumptions of how prosodic structure is acoustically realized, we may end up with
different diagnoses of the prosodic structure of the same acoustic signal.

Suppose we have a sequence of four syllables with a melody of ‘LHLH’. For the
sake of discussion, I assume that the first and the second H tones are similar in FO,
and likewise, the first and the second L tones are similar in FO. The onset of the third
syllable is a lenis stop, which is realized as lenited. There may be three interpretations

of this acoustic signal, as listed in (35).

(35) Multiple interpretations of a sequence of four syllables with a melody of

‘LHLH’ where the onset of the third syllable is a lenited lenis stop

a. (LH)ap(LH)ap: Lenis is optionally lenited in the AP-initial position
(Jun, 1993)

b. (L +H L+ Ha)sp: +H is not acoustically distinct from Ha, and L is not
acoustically distinct from L+ either (Chapter 3)

c. ((LHa)spLHa)p: Both H tones are interpreted as AP-final tones. Lenis

is lenited as it does not align with an AP left edge.

The first interpretation prioritizes the tonal evidence and essentially treats lenition of
lenis stop as a noise in the data (lenis may be lenited in the AP-initial position, just as
it may be non-lenited in the AP-medial position). This seems to be the most common
assumption in the literature which follows the original proposal of Jun (1993).

In previous chapters of this dissertation, I have put forward the second interpre-
tation. In Chapter 2, I have presented that there are no clear separate clusters of
high FO values, which may correspond to +H and Ha, in the PW-initial position. In
contrast, I have identified two separate clusters of lenited and non-lenited lenis stops
in the PW-initial position. In addition, in Chapter 2, I have also argued that lenition

of lenis obstruent may not be as optional as previously assumed. These results sup-
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port the interpretation in (b) in (35), for a sequence of four syllables with a melody
of ‘LHLH’ where the onset of the third syllable is a lenited lenis stop.

However, the recursive prosodic structure in (c) in (35) offers a new way to in-
terpret the same acoustic signal, which assumes that both diagnostics (tonal and
segmental) are both reliable. I do not attempt to present evidence that one interpre-
tation should be favored over the others in this dissertation. I only point out that the
recursive prosodic structure in (c) needs to be considered as a possible alternative,
though it has not been extensively explored in the literature (cf. Baek & Yun (2018);
Lee (2022)).

In order to test the validity of the recursive AP proposal in Korean, we need
a carefully designed production experiment where we can derive the three prosodic
structures in (35), by designing a sequence of syllables that may differ in syntactic
structure. For instance, for (a), we need a sequence of two disyllabic NPs; spoken in
a list, and in a neutral context where no word is under focus, so that we would expect
every NP to be phrased on its own. For (b), we would need a four-syllable-long NP,
spoken in a context where we would phrase this NP on its own as an AP. Finally, for
(c), we would need a sequence of two disyllabic NPs again, but spoken in a context
where the second NP is higher than the first NP in the syntactic structure (e.g.,
[[AdjP NP-GEN]| NP-ACC]|, as in Figure 4.5). Acoustic data from this experiment
should then be analyzed to see if we can find a reliable acoustic difference between
the three different prosodic structures.

In the next chapter, I consider different prosodic structures, including the recursive
AP, for the /kiman/ + Verb construction, and evaluate them with acoustic data
from a pilot production experiment. The sentences from the pilot experiment are
not precisely controlled in terms of their syntactic structure, since I only recorded
/kiman/ + Verb constructions with two meanings. Still, I aim to present a proof-of-

concept study which considers multiple interpretations of the prosodic structure for
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a given acoustic signal, rather than assuming one prosodic structure that prioritizes

the tonal evidence (e.g., (a) in (35)) as the only possible interpretation.

4.7 Chapter summary

To conclude, I summarize how the three main goals of this chapter have been
achieved.

First, I have proposed a preliminary syntactic analysis for the /kiman/ + Verb
construction (see Figure 4.7). I have argued that depending on the meaning, kiman/
seems to occupy different positions in the syntactic structure. I have shown that the
proposed syntactic structure for the /kiman/ + Verb construction has similarities
to two well-studied cases of syntactic ambiguity: the verbal/sentential ambiguity of
the particle LE in Mandarin Chinese (Wang, 2018) and the clausal/manner adverbial
ambiguity (Ernst, 2002; Egedi, 2009; Kubota, 2015). In both cases of ambiguity,
when the ambiguous word (the particle LE or the adverb) occupies a syntactically
lower position, it modifies the verb phrase, and when it occupies a higher position,
it serves a discourse-pragmatic function (Ernst, 2002; Kubota, 2015; Wang, 2018). T
have argued the ambiguity of /kiman/ exhibits syntactic and semantic similarities to
these cases.

Second, I have proposed that the two meanings of /kiman/ have distinct prosodic
structures based on the initial observations of Gim (2004). The major difference
between the prosodic structures is whether /kiman/ is prosodically phrased with the
verb that follows it together in an AP (see Figure 4.3). When /kiman/ and the
verb are phrased together in the same AP, the sentence is interpreted as ‘Stop V-ing’
as in the context described in (2a). When they are phrased in different APs, the
sentence is interpreted as ‘Start V-ing’ as in the context described in (2b). I have

additionally reported that for each meaning of /kiman/, the prosodic phrasing of the

218



verb following /kiman/ and the sentence-final PW (the matrix verb) may vary, and
does not affect the overall interpretation of the sentence.

Third, I have formalized previously described syntactic restrictions on forming APs
in Korean (Jun, 1993) in the form of violable constraints, and presented a MaxEnt
analysis that captures both kinds of variation in prosodic phrasing: when no PW is
under focus and when there is focus-driven dephrasing.

In the next chapter, I will present a pilot production experiment to confirm the
proposed prosodic structures using acoustic data. As mentioned at the beginning of
this chapter, this chapter also lays the necessary groundwork for Chapter 6, which
presents a prosodic disambiguation experiment, using the /kiman/ + Verb construc-

tion.
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CHAPTER 5
PRODUCTION EXPERIMENT

5.1 Introduction
This chapter presents a pilot production experiment that investigates the acous-
tic implementations of the /kiman/ + Verb construction. For an example of this

construction, see (1), which is repeated from Example (2) in §4.1.

(1)  /kiman pul-mjon  tfoh-kes*-ta/
up to that degree/amount blow-COND be good-FUT-DECL

a. Grammatical in a context where a child has been blowing something,
e.g., a balloon, to the extent that the balloon is about to pop (i.e., ‘stop
blowing’)

b. Grammatical in a context where a child has not been blowing balloons,
though the child has been asked to do so, and the speaker wants to say

that it is about time to blow them (i.e., ‘start blowing’)

(a) Stop blowing (b) Start blowing

Figure 5.1: Prosodic trees for the sentences in (1)
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In Chapter 4, I have proposed the prosodic structures in Figure 5.1 (repeated from
Figure 4.3). These prosodic structures have been proposed, based on the observations
made in Gim (2004), which are summarized in Table 5.1 (repeated from Table 4.2). To
summarize the proposal presented in §4.5, I have argued that difference in prosodic
phrasing of /kiman/ and the following verb is derived from the fact that different
word is under focus, depending on the meaning of /kiman/. When /kiman,/ means
‘stop’, /kiman/ is under focus, which causes post-focal dephrasing, causing the verb
to be prosodically phrased together with /kiman/. When /kiman/ means ‘start’, on
the other hand, the following verb is under focus, and as a result the verb starts a
new AP.

In Chapter 4, I have also discussed the prosodic phrasing of the verb following
/kiman/ and the sentence-final matrix predicate. In this section, we limit the discus-
sion to the prosodic phrasing of /kiman/ and the following verb, as that seems to be
what is consistently conditioned by the meaning of /kiman/.

While the prosodic structures capture Gim (2004)’s observations, the observations
themselves are subject to investigation, since they were based on the author’s impres-
sions. The first goal of this chapter is to test if /kiman/ 4 Verb sentences differ in
prosodic phrasing with acoustic data collected from a pilot production experiment.

For details of expected acoustic implementations of these prosodic structures, see

§5.2.
Meaning of /kiman/ Prosodic phrasing Word under focus
Stop [/kiman,/ Verb] /kiman/
Start |/kiman/| [Verb]  Verb

Table 5.1: Summary of the observations on p. 62 in Gim (2004)

In §4.6.2, I have also proposed alternative prosodic structures for the sentences in
(1) in Figure 5.3 (repeated from Figure 4.9), based on the proposal that the sentences

in (1) have syntactic structures in Figure 5.2 (repeated from Figure 4.8).
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VP/CP VP XP/CP VP
AdvP V tfo.kPe.t*a AdvP VP tfoklet*a
kimang,, pulmjon kimang,,, pulmjon

(a) ‘It would be good if (you) could stop (b) ‘It would be good if (you) could start
blowing (it).’ blowing (it).’

Figure 5.2: Syntactic structures for the two /kiman/ sentences, repeated from Fig-
ure 4.8

IP IP
/\ /\
AP AP AP AP
TN TN
AP PW  fokle.t*a AP AP ffokPe.t*a
N | |
PW  bulmjon PW PW
kiman kiman pulmjon

(a) Stop blowing

(b) Start blowing

Figure 5.3: The recursive AP proposal for the sentences in (1)

These alternative prosodic structures differ from Figure 5.1 in that they involve re-
cursive APs—an AP dominating another AP, violating the non-recursivity assumption
of the Strict Layer Hypothesis (Selkirk, 1986). I have explained that these recursive
prosodic structures have not been widely considered as viable options for representing
the prosodic phrasing in Seoul Korean (cf. Baek & Yun (2018) and Lee (2022)). One
potential reason for this may be that there is a tendency to prioritize FO evidence
for diagnosing an AP right edge (i.e., Ha tone), and to treat segmental evidence for

diagnosing an AP left edge (i.e., Lenis voicing) essentially as noise in the data. Many
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authors (e.g., Jun, 1993, 1994; Cho & Keating, 2001) have assumed that Lenis voicing
is optional within an AP and thus is not a reliable cue for prosodic structure. How-
ever, as | have shown that segmental realization is not optionally conditioned by the
prosodic structure in previous chapters, I argue that it is worth investigating whether
there is acoustic evidence for recursive prosodic structures. The second goal of this
chapter is therefore testing if the acoustic data collected from the pilot experiment
provide support for these alternative prosodic structures. For this goal, I investigate
FO and syllable duration to see if there is evidence for recursive prosodic structures.
I discuss how F0O and syllable duration may be used to diagnose if there is a recursive
AP in the prosodic structure in §5.2.3.

In addition to FO and syllable duration, I also investigate how prosodic phrasing
is implemented in terms of intensity. In Chapter 3, I have shown that the acoustic
correlate for prosodic phrasing may differ depending on the laryngeal category of the
PW-initial syllable onset. I have argued that prosodic phrasing, specifically whether
a PW starts a new AP, is implemented in terms of variation in FO when a PW starts
with an Aspirated obstruent (stop and affricate), but in terms of variation in intensity
when a PW starts with a Lenis obstruent. Following this finding, the third goal of
this chapter is to investigate whether there is a difference in how prosodic phrasing
of /kiman/ + Verb is implemented, depending on the laryngeal category (Lenis vs.
Aspirated) of the verb-initial obstruent.

Methodologically, this chapter uses a data-driven approach to investigate if two
sentences differ in prosodic structures, rather than relying on a perceptual transcrip-
tion system. In a typical prosodic analysis, researchers first transcribe the collected
data with an existing prosodic transcription system (e.g., K-ToBI (Jun, 1993, 2000)),
and uses acoustic data (some parameterization of FO data, e.g., maximum pitch ex-
cursion (Lee & Lee, 2013)) to validate their transcriptions. Success of this approach

depends on the assumption that transcriptions of the data are accurate and that the
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parameterization of the acoustic signal is done in a way that reflects the difference
between the prosodic structures. For instance, following this approach, researchers
would first have to label the data collected from a production experiment, using K-
ToBI labels. Let’s for the sake of argument that most of Stop Verb-ing sentences
were labeled as ‘L +H L+ Ha’, while most of Start Verb-ing sentences were labeled
as ‘L Ha L Ha’. Essentially, this means that researchers have completely relied on the
perceptual judgment of transcribers to determine whether there is a prosodic differ-
ence between the two meanings of the /kiman/ sentence. Prosodic transcriptions are
routinely followed by some parameterization of acoustic data (e.g., measuring pitch
excursions), but this step is only to validate the transcriptions, rather than to directly
compare how two sentences differ acoustically. Finding the adequate parameterization
of the acoustic data is another challenge, and it necessarily involves some assump-
tions about how the assumed prosodic structure is expected to be implemented. For
instance, Tremblay et al. (2019) has assumed that the slope of FO0 fall is the acoustic
correlate of whether there is an AP boundary: a steep slope indicates a boundary,
while a gradual one does not. Lee & Lee (2013) on the other hand has assumed that
a larger pitch excursion indicates an AP boundary while a smaller one does not.

In this chapter, I use Functional Data Analysis (FDA) (Ramsay & Silverman,
2005) to investigate how the two sentences in (1) differ in the shapes of FO and inten-
sity contours. Differences in shapes of FO and intensity contours are then interpreted
to reflect differences in prosodic structure. FDA is a data-driven approach that allows
researchers to rely on the data to identify the nature of variation in the data, without
making any strong prior assumptions. In the analysis, the variation in the data is
first captured with a set of so-called Principal Component (PC) functions, each of
which represents a variation in shape identified from the set of input curves. Since the
analysis parameterizes the entire contour as a function, rather than taking point-wise

measurements, it allows for a more nuanced comparison of two contours. Each input
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curve (e.g., FO values measured over time from a sentence) is represented with a set
of coefficient value for these PC functions. Two sentences in (1) may be compared
using these PC coefficients.

The PC functions therefore serve as both an atheoretic, data-driven representation
of the original acoustic data, and coefficients of these functions serve as a means of
comparing the two meanings of /kiman/. This differs from the traditional approach
where representation of the data is based on transcribers’ subjective impression, and
comparing representations of the data (i.e., ToBI labels) depends on the assumptions
of how these tonal labels are acoustically implemented. For details, see §5.3.

To summarize, this chapter has three research questions outlined in (2).

(2) Three research questions of the current chapter

a. Difference in phrasing: Do the two meanings of /kiman/ + Verb differ in
prosodic phrasing, as proposed in Figure 5.1 (and in Figure 5.3)7

b. Recursive APs: Are the recursive prosodic structures in Figure 5.3 sup-
ported by the acoustic data?

c. Segment specific acoustic implementation: Is the prosodic phrasing acous-
tically implemented differently depending on the laryngeal category of the

verb-initial obstruent, as proposed in Chapter 37

To preview the findings, I show that the two meanings of /kiman/ + Verb are re-
flected in differences in prosodic phrasing, which is in turn implemented differently
depending on the laryngeal category of the verb-initial obstruent (2a and 2c¢). I show
that the FO contour differs between the two meanings when the verb starts with an
Aspirated obstruent, but the intensity contour differs when the verb starts with a Le-
nis obstruent. Finally, I argue that neither FO nor syllable duration provides sufficient

evidence for the recursive prosodic structures in Figure 5.3 (2b).
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This chapter proceeds as follows. §5.2 discusses phonetic correlates. Methods
are described in §5.3. §5.4 presents results. §5.5 provides a chapter summary and

discussions.

5.2 Phonetic correlates of prosodic structures

In §4.4.1, I have discussed the expected acoustic implementations of the proposed
prosodic structures in Figure 5.1. Assuming the sentences in (1) have the prosodic
structures in Figure 5.1, they are expected to have phonetic realizations of segments

and tones summarized in Table 5.2.

Stop V-ing (Fig. 5.1a) Start V-ing (Fig. 5.1b)
Verb initial lenis voicing [b] [p|
Tones L +H L+ Ha L Ha L Ha
Table 5.2: Comparison of acoustic implementation of the two prosodic structures in
Figure 5.1 repeated from Table 4.3

In this section, I discuss how the expected acoustic difference between the two
/kiman/ sentences varies when the laryngeal category of the verb-initial segment
varies. Three kinds of phonetic correlates will be discussed: tonal implementation
of the prosodic structure (§5.2.1), prosodically-conditioned acoustic realization of the
verb-initial segment measured as change in the intensity contour (§5.2.2), and pre-

boundary lengthening (§5.2.3).

5.2.1 Tones

As reviewed in Chapter 1, the most studied phonetic correlate for the prosodic
structures in Seoul Korean in the past literature has been the tonal contour of the
Accentual Phrase (e.g., Jun, 1993, 2000, 2006, 2007, 2011). In particular, the initial
and final tones of the AP are important because once they are identified, they serve
the function of delimiting AP boundaries. These tones will therefore be crucial in

testing if the /kiman/ + Verb construction has the prosodic structures in Figure 5.1.
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While the K-ToBI labels make it seem obvious that the prosodic structures can
be determined based on the tones, there are complications as some tonal labels are
similar to each other. Due to this potential ambiguity, while the original K-ToBI
model of Seoul Korean (Jun, 1993) assumes that the AP-medial tones (‘+H’ and
‘L+’) are phologically distinct from the initial (L/H) or the final (La/Ha) tones,
more recent works use more coarsely defined binary tonal categories (L/H) without
specifying the diacritics that mark the position in the AP (e.g., Yun & Lee, 2022;
Hatcher et al., 2024). As summarized in Table 5.2, the sentences in (1) are expected
to differ in the tonal sequences and it is an empirical question whether there is a
measurable difference between the two expected tonal sequences: ‘L +H L+ Ha’ and

‘L Ha L Ha’ (cf. Lee & Lee, 2013).

5.2.1.1 Tone on the verb-initial syllable

One of the most notable phonetic correlates of AP tones is that the initial tone
varies as a function of the laryngeal category of the initial segments. As a reminder,
when the AP starts with a fortis or aspirated segment, the initial tone is H, and in all
other cases, it is L. This is summarized in Table 5.3 which is repeated from Table 1.1
in Chapter 1. Segments that induce an H tone will be referred to as ‘H-segments’,

and ones that induce an L tone will be referred to as ‘Li-segments’.

AP-initial Tone Consonant types Phones

H Aspirated /pP, th, kB 4h/
Fortis /p*, kxR
Fricatives /s, s* h/

L Lenis /p, b,k f/

Nasals /n, m/
Vowels /a, e, i, 0, u, i, ../

Table 5.3: H/L inducing segments

This tonal variation due to the AP initial segment suggests that in the /kiman/ +

Verb construction, if the verb starts with an H segment, the resulting tonal contours
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Sentence meaning kiman Verb -mjon

kiman g+ LHa H Ha

kiman;,, L+H L+ Ha
Table 5.4: Expected tones when the verb starts with an H-segment, in the two
/kiman/ sentences

between the two /kiman/ meanings will be largely different starting from the verb-
initial syllable. In the prosodic structures in Figure 5.1, the verb in the kimang
sentence starts a new AP, but not in the kiman,,, sentence. Therefore, when the verb
starts with an H segment, the FO on the verb-initial syllable in the kimang,,; will be
much higher than the verb-initial syllable in the kimang,, sentence, as summarized
in Table 5.4. Such verbs that start with an H-segment will be referred to as ‘H-verbs’,

and ones that start with an L-segment will be referred to as ‘L-verbs’.

5.2.1.2 Phonetic implementation of /L +H L+ Ha/ vs. /L Ha L Ha/

The tonal contours for the two /kiman/ sentences for L-verbs are expected to be
much more similar to each other, than the ones for H-verbs. This is especially true
when the verb phrase is short (2-3 syllables), as it is in the sentences in (1).

When the verb phrase is longer, it may be easier to diagnose the prosodic difference
between the two /kiman/ sentences. For example, Jun & Oh (1996) found that
when verb phrase is longer than 4 syllables, the FO contours are measurably different
between two different phrasings of the same sequence of words. For an example, I
review the Yes-no/WH question ambiguity. As mentioned in previous chapters, in
Korean, a Yes-No question and a WH question can have the same sequence of words,
which are prosodically disambiguated (Cho, 1990), as in (3) (repeated from (1) in
§4.1). Jun & Oh (1996) argued the indefinite pronoun (/ontfe/ ‘any time’ in (3a))
and the verb phrase form separate APs in a Yes-No question, while the WH word
(/ontfe/ ‘when’ in (3b)) and the verb form a single AP (Jun & Oh, 1996) in a WH

question.
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(3)  /affumoni-nin ontfe off icowo-jo?/

madam-TOP when/any time be dizzy-HON

a. Yes-No question: Is there any time that you feel dizzy, madam?

b.  WH question: When do you feel dizzy, madam?

Jun & Oh (1996) diagnosed the difference in phrasing by showing they have different
tonal contours. In a production experiment, they showed that the tonal fall from the
second syllable of the ambiguous WH word /ontfe/ to the first L target had a different
duration as a function of question type. This is illustrated in Table 5.5. When the
question was a Yes-No question (3a), there was an immediate fall in the first syllable
of the verb, i.e., /o/ in /otfirowo-jo/, which suggested that the verb initiated a new
AP, and the AP-initial ‘L’ was anchored on the verb-initial syllable. On the other
hand, when the question was a WH question (3b), the L target was identified in
the penultimate syllable of the verb, ie., /wo/ in /offirowo-jo/, because that was
where the AP-medial ‘L+’ was expected to be anchored. They also found that the
two question types differed in the boundary tone type. H% was the most frequent

boundary tone type for Yes-No questions, and LH% was for WH questions.

Yes-No question WH question

Indefinite Verb WH-word Verb

e o 0 0o o0 O o o c o o o 0o

L Ha L+H ... L+ H% L +H L+ LH%

Table 5.5: Syllables and tones for the two question types when the verb phrase is
long

The prosodic phrasing of the two question types is similar to the expected dif-
ference in prosodic phrasing for the /kiman/ + Verb construction. Intuitively, in
a Yes-No question, the focus may be thought to be carried by the verb, since the
answer depends on the truth value of the verb. In a WH question, the WH-word may
be under focus, as it is what the information that the speaker seeks. Ishihara (2002)

has argued that WH-words bear prosodic prominence in Japanese because WH-words
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are inherently under focus in WH-questions, and PWs following WH-words are deac-
cented. This difference in the information structure may be responsible for difference
in prosodic phrasing, as demonstrated in Chapter 4 for /kiman/ + Verb sentences.
I leave investigating the potential syntactic difference in the two question types, and
whether there is a unified semantic or syntactic analysis for the ambiguity of question
types and the ambiguity of the /kiman/ + Verb construction, to future work.

Yun & Lee (2022) investigated the same question type ambiguity, but when the
verb phrase was shorter. Recall that when the verb is longer, the L target after the
H target in the peninitial syllable is expected in the verb-initial syllable for Yes-No
questions, and in the verb penultimate syllable for WH-questions. When the verb is
disyllabic, however, the verb-initial syllable is the verb penultimate syllable as shown
in Table 5.6. They argued that when a short verb phrase formed a single AP with
the preceding disyllabic WH word, in a WH question, the penultimate ‘L+’ target

was not realized.

Yes-No question ~ WH question

Indefinite Verb ~ WH-word Verb

oo o o o0 o o o

L Ha LH% L+H ... LH%
Table 5.6: Syllables and tones for the two question types when the verb phrase is
short

However, there seems to be a confound in the question type ambiguity construction
they investigated, which is that the sentence-final tones also differed by the question
type. While the boundary tone on the verb was ‘LH%’ when the question was a WH
question, it was ‘H%’ when the question was a Yes-No question. Therefore, it is not
clear the difference in the tonal contour was due to the fact that there is a difference
in the prosodic phrasing of the two PWs, or that there is a difference in the boundary
tone. While I agree that Jun & Oh (1996)’s findings support that these two question

types have different prosodic phrasings, I argue that the difference in the boundary

230



tone seems to be a confound which makes it difficult to test if the tonal contours
differ solely due to the difference in prosodic phrasing, when the verb after WH-word
is short.

In the /kiman/ + Verb construction, this confound of the boundary tone is avoided
since both /kiman/ sentences end with a conditional suffix /mjon/ bearing the AP-
final tone ‘Ha’, and followed by the matrix predicate /ffoh-kes*-ta/ (‘be good-FUT-
DECL). If there is a difference in prosodic phrasing between the two meanings of
/kiman/ + Verb, the expected tonal sequences of these two sentences, given the
prosodic structure in Figure 5.1 are [L +H L+ Ha|4p when /kiman/ means ‘stop’,

and |L Halap [L Ha|4p when /kiman/ means ‘start’, as shown in Table 5.7.

Sentence meaning kiman Verb-mjon

kiman gq, L Ha L Ha

kimane, L +H L+ Ha
Table 5.7: Expected tones when the verb starts with an H-segment, in the two
/kiman/ sentences

We expect to see a measurable difference in the FO contours between the two
sentences, if the prosodic phrasing is implemented in terms of the difference in tonal
sequences (Ha L vs. +H L+). Namely, if the tonal sequence for /kimang,,;/ sentence
is ‘[L Ha|ap|L Ha|ap’, we would expect to see a larger fall (Lee & Lee, 2013) or a
steeper fall (Tremblay et al., 2019) between /man/ and the verb-initial syllable in a

/kimang,,/ sentence, compared to a /kimang,,/ sentence.

5.2.2 Domain-initial strengthening and domain-medial continuity leni-
tion

Besides the difference in tonal contours, we also expect to see a difference in the

segmental realization of the verb-initial segment, if the two meanings of /kiman/ +

Verb differ in prosodic phrasing.
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As reviewed in Chapter 1 and Chapter 2, the general pattern that consonants
exhibit is that they are produced with a stronger articulation in the AP-initial position
to mark the prosodic boundary (Domain-initial strengthening), and produced with a
lenited articulation in the AP-medial position to signal the continuation of the current
prosodic constituent (i.e., ‘continuity lenition’ (Kingston, 2008; Ennever et al., 2017;
Katz & Pitzanti, 2019)). All segments (consonants and vowels) are expected to exhibit
such prosodically-conditioned variation in Korean (Cho, 2022), though segments may
vary in how much they are prosodically conditioned. In this chapter, I focus on the
following well-studied cases of prosodically conditioned lenition patterns in Korean:
continuity lenition of lenis stops, VOT shortening of aspirated stops (Cho & Jun,
2000), optional /h/ deletion (Jun, 1993), and the realization of nasal consonants (as
opposed to their AP-initial denasalized counterparts) (Cho & Keating, 2001; Jang

et al., 2018). This is summarized in Table 5.8.

Segment type Acoustic realization in the AP-medial position
Lenis Lenition
Aspirated Aspiration shortening
/h/  Optional deletion
Nasal More nasal (denasalized AP-initially)

Table 5.8: AP-conditioned segmental realization

I test whether the change in the intensity contour is appropriate in quantifying
the difference in the strength of segmental articulation for these segments. Lenition
of lenis stops, /h/ deletion, and nasal realization are predicted to be captured by the
shallower change in the intensity contour, since the AP-medial realizations of these
segments may be characterized as being more sonorant and vowel-like compared to
their AP-initial strong realizations, i.e., voiceless lenis stops, glottal fricative, and
denasalized nasals. As for aspirated stops, while previous acoustic investigations
focused on their VOT changes conditioned by prosodic position (Cho & Jun, 2000),

given that the AP-medial aspirated stops are produced with a weaker articulation
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(Cho & Jun, 2000), they may exhibit a shallower change in the intensity contour as
well. Given the assumptions about the prosodic structures in Figure 5.1, the verb-
initial segments are predicted to have a shallower change in the intensity contour in

the kimang,, sentence, compared to the onse in the kimang,,+ sentence.

5.2.3 Acoustic implementation of the recursive AP proposal
I have also proposed that the prosodic structures of the two sentences in (1) may

involve recursive APs, as shown in Figure 5.3, repeated in Figure 5.4.

IP IP

/\ /\

AP AP AP AP

N N

AP PW  fokle.t*a AP AP foklet*a

T | |

PW  bulmjon PW PW
kiman kiman pulmjon
(a) Stop blowing (b) Start blowing

Figure 5.4: The recursive AP proposal for the sentences in (1) (repeated from Fig-
ure 5.3)

In terms of domain-initial strengthening and domain-medial continuity lenition,
the recursive AP proposal is expected to be implemented in the same way as the
non-recursive counterpart. In Figure 5.4, while the verb-initial segment is AP-medial
when /kiman/ means ‘stop’, it is at the AP-initial position when /kiman/ means
‘start’. As a result, the verb-initial segment is expected to be produced with a weaker
articulation in the kimang,, sentence, compared to the kimang,; sentence. As a
result, we do not have a way to determine whether the recursive prosodic structure
in Figure 5.4 is supported by the acoustic data, based on the segmental realization of

the verb-initial segment alone.

233



It has not been explicitly studied how recursive prosodic structures are tonally
implemented in Seoul Korean (Baek & Yun, 2018; Lee, 2022). I hypothesize that

recursive prosodic structures in Figure 5.4 may be tonally implemented as in Table 5.9.

Meaning of /kiman/ Stop Start
Syllables ki man pul mjon ki man pul mjon
Tones “L Ha]Ap L+ Ha]Ap “L Ha]Ap [L Ha]Ap]Ap

Table 5.9: Hypothesized tonal implementations of recursive prosodic structures in
Figure 5.4

If we hypothesize that AP right edge is marked with a Ha tone, we would see Ha
tones on both /man/ and /mjon/ for both meanings of /kiman/ + Verb. However,
when /kiman/ means ‘start’, the verb-initial syllable is expected to have an AP-initial
L tone, while it is expected to have an AP-medial L+ tone, as it is the penultimate
syllable of the higher AP. If we hypothesize that an AP initial L tone is realized as a
lower FO than an AP-medial L+ tone, we would expect to see a difference in the FO
contour between the two meanings of /kiman/ + Verb. In particular, the fall from
/man/ to the verb-initial syllable is expected to be larger in the kimang,,; sentence,
compared to the kimang,, sentence. However, this acoustic difference (Ha +L vs.
Ha L) is very similar to what is expected if the sentences have non-recursive prosodic
structures (Ha L vs. +H L+), as discussed in §5.2.1.2. Therefore, the transition be-
tween /man/ and the verb-initial syllable does not differentiate the recursive prosodic
structures from non-recursive ones.

On the other hand, if we hypothesize that when two AP edges are aligned, such an
edge is realized differently from when there is a single AP edge, we would expect to
see a higher rise at the end of the verb (i.e., a higher Ha in the kimang,,; sentence).
Baek & Yun (2018) has shown that when a syntactic constituent boundary aligns
with multiple AP edges, predicted from the syntactic structure of the sentence, such
an edge is realized with a ‘stronger boundary’, acoustically defined as an insertion of

a pause, pitch reset, and a complex boundary tone (HL or LH). In Figure 5.4, while
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/mjon/ is aligned with a single AP edge in the kiman,, sentence, it is aligned with
two AP edges in the kimang,,; sentence.

In addition to the tone on /mjon/, there may be differences in syllable duration
depending on the meaning of /kiman/ + Verb. In the non-recursive AP proposal,
the final syllable of each PW (/man/ and /mjon/) is either aligned with an AP
boundary or a PW boundary. Jun (1993) has shown, however, that there is no
pre-boundary lengthening at the AP right edge (Jun, 1993). On the other hand,
in Baek & Yun (2018), it has been shown that when there are multiple AP edges,
there is pre-boundary lengthening at the right edge. This predicts that the difference
between the two PW-final syllables (duration of /mjon/ - duration of /man/) may
be greater in the kimang,,; sentence than in the kiman,, sentence. In the recursive
AP proposal, in the kimang,, sentence, both /man/ and /mjon/ are aligned with a
single AP boundary, while in the kimang,,; sentence, /mjon/ is aligned two AP right
edges, and /man/ is aligned with a single AP right edge.

In summary, the recursive AP proposal predicts that the two /kiman/ + Verb
sentences differ in the FO height of tone on /mjon/, and the difference in syllable
durations of PW final syllables (/man/ and /mjon/). In §4.5, I have argued that
if we assume the recursive AP structures, we do not have to make the assumption
that /kiman/ or the following verb is under focus, in order to explain the difference
in prosodic phrasing of the two sentences. In contrast, if we do not find acoustic
support for the recursive AP proposal, we may have to assume there is difference
in the information structure of the two /kiman/ sentences, as it is the only way to

account for a difference in prosodic phrasing.

5.2.4 Research questions reformulated
Based on the discussion in §5.2, I reformulate the three research questions in (2)

as follows:
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(4)  a. Difference in phrasing: Do the two meanings of /kiman/ + Verb differ in

prosodic phrasing, as proposed in Figure 5.17

(i) LHaHHa (start) vs. L+HL+Ha (stop): Is there a noticeable shape
difference in the FO contour between the two /kiman/ sentences
when the following verb starts with an H-segment?

(i) LHaLHa (start) vs. L+HL+Ha (stop): Is there a shape difference
(larger excursion or steeper slope) in the FO contour between the
two /kiman/ sentences when the following verb starts with an L-
segment?

(iii) Continuity lenition: Is the verb-initial segment produced with a
weaker articulation in the kimang,, sentence, compared to the kimanq,
sentence?

b. Recursive APs: Are the recursive prosodic structures in Figure 5.3 sup-
ported by the acoustic data?

(i) High tone on /mjon/: Is the tone on /mjon/ higher in the kimang,
sentence than in the kimang,, sentence?

(ii) Syllable duration: Is the difference in syllable duration between
/mjon/ and /man/ larger in the kimang,. sentence than in the
kimang,, sentence?

c. Segment specific acoustic implementation: Is the prosodic phrasing acous-
tically implemented differently depending on the laryngeal category of the

verb-initial obstruent, as proposed in Chapter 37

These research questions will be addressed in the production experiment presented
in the next section. If the answers to the three questions in (4a) are positive, then
the proposed prosodic structures in Figure 5.1 are supported. If the answers to the
two questions in (4b) are positive, then the recursive AP proposal is supported. If

the answer to question (4c) is positive, then the corpus-based results of Chapter 3
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that prosodic phrasing may be acoustically implemented differently, depending on
the laryngeal category, will have been replicated with more controlled lab-based data.

Results are presented in §5.4.

5.3 Methods

This section describes the methods for the production experiment. §5.3.1 presents
the stimuli sentences, §5.3.2 describes the recording. §5.3.3 discusses data processing
and acoustic measurements. §5.3.4 introduces how the time-series (FO and intensity)
data were parameterized using Functional Principal Component Analysis (FPCA)
(Ramsay & Silverman, 2005; Aston et al., 2010; Cheng et al., 2010; Gubian et al.,
2010; Zellers et al., 2010; Gubian et al., 2015, 2019; Hughes et al., 2023), in order
to be data-driven in parameterizing the difference between the two /kiman/ 4 Verb

sentences, rather than transcribing the data with theory-dependent ToBI labels.

5.3.1 Stimuli

Stem length
Tone Category Phones Mono Di | Total
H Aspirated /p", tb, kB, 41/ 0 7 17
Fortis /p*, t*, k* A/ 8 11 19
Fricatives /s, s*/ 4 6 10
/h/ 2 0 2
Subtotal 24 24 48
I Lenis It K, 4/ 15 37| 52
Nasals /n, m/ 8 22 30
Vowels /a, e, i, 0, u,t, ../ 2 14 16
Subtotal 25 73 98
Total 49 97 146

Table 5.10: Number of monosyllabic and disyllabic verb stems by verb-initial segment
type
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A total of 146 Korean verb stems were chosen. The full list of verb stems is
available in Appendix A: Verbs.! The verb stems are summarized in Table 5.10 by
the verb-initial segment type (H/L-segment) and the verb-stem length in syllables
(mono/disyllable). There are disproportionately many disyllabic verb stems that
started with an L-segment in the Korean lexicon, and hence more disyllabic L-verbs

were chosen than disyllabic H-verbs.

(5) a. /kiman VERB-mjon tfoh-kes*-ta/

kimang,, VERB-COND be good-FUT-DECL
It would be good if you could stop V-ing.

b. /kiman VERB-mjon tfoh-kes*-ta/

kimang,,s VERB-COND be good-FUT-DECL
It would be good if you could start V-ing.

These verb stems are recorded in the carrier sentences in (5). For each sentence,
three repetitions were recorded, rendering 876 (146 stems * 2 sentences * 3 repetitions)

sentences in total. Recording was made in a sound proof booth at the UMass Amherst

Phonetics Lab.

5.3.2 Recording

The sentences were recorded in a single session with two blocks: Stop V and
Start V. To produce the sentence with the intended meaning of /kiman/, before each
sentence, a semantically related sentence was produced with three repetitions. Adding
the target and the paraphrases, a total of 1,752 (876 * 2) sentences were recorded.

These paraphrases are in (6).

1Some of these verbs were adjectival verbs, such as /f*a-/ ‘be salty’. 1 assume these are not
different from regular verbs in the syntactic structure in any way, and therefore not different in the
prosodic structure either.
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(6) a. /kjesok VERB-mjon konranha-ta/

continue VERB-COND be troubling-DECL
It would be troubling if you continued to V (= Stop V-ing)

b. /itfe VERB-mjon tfoh-kes*-ta/

now VERB-COND be good-FUT-DECL
It would be good if you now V-ed (= Start V-ing).

In each block, the sentences were presented on PowerPoint slides in a pseudo-randomized
order. Each verb stem had a pair of slides containing the paraphrase and the target.
For example, in the first block to record Stop V sentences, the sentence in (6a) was
shown with one of the verb-stems. Three repetitions of (6a) were recorded. On the
next screen, the target sentence in (5a) was presented, and three repetitions of the
target sentence were recorded.

The paraphrases were therefore meant to serve as the reminder for the meaning of
the /kiman/ + Verb sentence. Unlike the /kiman/ + Verb construction, the meaning
of the paraphrase sentences were not dependent on the prosodic phrasing of the
preverbal word and the verb phrase. Therefore, the paraphrases were not necessarily
recorded with the same prosodic phrasing, and therefore with the same tonal contour,
as the target sentence. Three repetitions of each experimental sentence were preceded
by three repetitions of the paraphrase sentence, which did not need to have the same
prosodic phrasing. This was intended to elicit a particular tonal melody, rather than
a natural prosodic structure mapped from the meaning of the sentence.

This is a pilot experiment with an apparent limitation that the speaker is myself.
In a future production experiment, a more concrete design is needed to elicit the
sentences from the speaker, possibly providing the contexts in which each sentence

may be produced.
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5.3.3 Data processing and measurements

The recordings were cut into sentence-sized wav files. For each wav file, there was
a text file containing the content of the wav file written in Korean script. These wav-
text pairs were fed to a web-based Forced Aligner developed for Korean (Yoon, 2024).
The Forced Aligner then output TextGrid files containing segmentations for Eojoels
and individual phones. These TextGrid files were manually corrected for alignments.
Using the same syllabification algorithm described in Chapter 2 phone intervals were
merged to form syllable intervals, assuming the maximum onset principle. Syllable
durations were measured by measuring TextGrid intervals.

FO and intensity were measured every 10 ms over each wav file. For FO, minimum
and maximum F0 were set to 50 Hz and 300 Hz, which were decided after examining
the wav files for the pitch range. For intensity, the minimum pitch range was set to
75 Hz, and it was band-pass filtered with the range 0-400 Hz, following the setting

for a male speaker used in Chapter 2.

5.3.4 Functional Principal Component Analysis

The FO and intensity contours were parameterized using Functional Principal
Component Analysis (FPCA), to be able to analyze the contours without having to
assume the prosodic structure of the utterance and assigning K-ToBI labels on the
data. As discussed in Chapter 1, the traditional approach that first assigns prosodic
transcription labels on acoustic data suffers from a few limitations.

First, the labels are constrained by the particular theory of intonation that the
researcher works with. The same FO contour may be labeled differently depending
on the theoretical assumptions, and the difference in labels may lead to different
conclusions about the prosodic structure of a signal. For instance, as discussed earlier,

the same F0O contour may be transcribed differently if one works under the assumption
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that APs can be recursive (Baek & Yun, 2018; Lee, 2022) or if one works under the
assumption that APs cannot be recursive (Jun, 2000).

Second, the labels are assigned by the subjective impressions of the transcriber
(Jun, 2022, p.163), and therefore they often need further validation such as checking
interlabeler agreement, and checking how they differ in some acoustic measurement.
Therefore, a given set of tokens from two linguistic categories (e.g., two meanings
of /kiman/) are parameterized twice before they are compared, first as a theory-
dependent set of labels assigned by individual transcribers who may have different
perceptual grammars, and second as an acoustic measurement, again chosen by the
researcher, either to maximize the contrast between the transcription labels, or to
reflect how the transcription labels are expected to differ according to the theory.
Both of these parameterizations introduce a high degree of researcher freedom, which
may bias the interpretation of the empirical data.

Although it has been reported that trained listeners disagree less in their label
decisions compared to naive listeners (Jun et al., 2000), the fact that training changes
label decisions poses questions of whether the resulting labels reflect how naive listen-
ers perceive the auditory signal in a naturalistic situation. Moreover, the possibility
that there are interlabeler disagreement reduces the replicability of a particular anal-
ysis. Additionally, contours may vary in a number of dynamic ways and the chosen
acoustic measurements (e.g., the size of F0O excursion) may not fully reflect the actual
ways in which two types of contours differ.

Finally, using the K-ToBI prosodic transcription system suggests the prosodic
structures mainly differ in terms of FO. The labels ‘Ha L’ and ‘+H L+’ for instance
imply that there are tonal difference between a prosodic structure that has an AP
boundary and one that does not. However, the impression that there is a prosodic
boundary may not strictly depend on the difference in FO contours. In principle, since

the labeling is based on the perception of the audio signal, two sentences that have
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measurably different FO contours may be labeled as having the same prosodic struc-
ture, and two sentences that have FO contours that do not differ in any measurable
way, may still be labeled with different ToBI labels, if they happen to differ in some
other aspect, e.g., in their intensity contour.

In this study, I attempt to overcome these shortcomings by parameterizing the FO
and intensity contours in a data-driven way, rather than assigning theory-dependent
labels based on subjective impressions, paying attention to a limited set of aspects in
the data. To achieve this, I use Functional Principal Component Analysis (FPCA).
FPCA is one of the statistical techniques grouped under the term Functional Data
Analysis, which is developed to apply classic statistical tools (e.g., Principal Com-
ponent Analysis) to time-series data, represented in terms of functions (Ramsay &
Silverman, 2005). §5.4.1 presents more details of how FPCA is conducted.

Intensity contours, as well as FO contours, are investigated because Intensity cap-
tures the expected lenition of segments in prosodic constituent medial position (i.e.,
‘continuity lenition’ (Kingston, 2008; Ennever et al., 2017; Katz & Pitzanti, 2019)).
Wagner & McAuliffe (2019) also demonstrated that intensity was a good cue for
predicting the prosodic phrasing in data collected in a production experiment which
tested the prosodic difference between sentences with [|[A and B| or C] and [A and [B
or C|| constructions. An interesting aspect of this study is that they analyzed inten-
sity as a phonetic correlate of the prosodic phrasing, not the segmental realization.
This is in line with the ‘continuity lenition’ perspective that the acoustic realization
of the segment is a result of being in the medial position in a prosodic constituent.

FPCA has been used in a growing amount of phonetic research, varying in the type
of phonetic variables investigated (F0, formants, or articulatory contours obtained
with electromagnetic articulatography (EMA)). For example, it has been used to
analyze segmental variation, such as the difference in formant contours between a

diphthong and a hiatus in Spanish (Gubian et al., 2015) and CV coarticulation in
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Polish (Gubian et al., 2019). It has also been used to investigate suprasegmental
variation, such as the difference between question and statement in Neapolitan Italian
(Gubian et al., 2010), prenuclear tones in Standard Southern British English (Zellers
et al., 2010), tonal contraction in Taiwan Mandarin (Cheng et al., 2010), and phonetic
implementation of phonologically different high tone spans in Luganda (Hughes et al.,

2023).

5.4 Results

This section presents how the /kiman,/ + Verb sentences differ as a function of the
sentence meaning. §5.4.1 presents the differences in tonal contours. §5.4.2 presents
the differences in syllable duration. Finally, §5.4.3 presents the differences in the

verb-initial segment realization.

5.4.1 FPCA with FO contours

The typical workflow for conducting an FPCA is summarized in (7). These steps
are discussed with a concrete example using the FO contours for Hyp,,; sentences in
§5.4.1.1. Providing detailed descriptions of each step is outside of the scope of this
dissertation. The steps are taken from Gubian et al. (2015), which provides a detailed

step-by-step tutorial.

(7) The workflow of Functional Principal Component Analysis (Gubian et al.,
2015)

a. Preprocessing (Speaker normalization)

b. Smoothing and Landmark registration

c. FPCA

d. Class analysis (i.e., Regression model fitting)

e. Reconstruction of mean contour
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5.4.1.1 Demonstration with FO contours for H-verb sentences

The FO contours for H-verb sentences are investigated for the following research
question (7a-i): Does the H-verb initial syllable have a higher FO in the kimang..
sentence than in the kimang,, sentence? If the answer is yes, then it suggests that

the verb starts a new AP in the kimang,,; sentence.
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Figure 5.5: Raw F0 measurements from three repetitions of /kiman p"ulmjon,/ per
each sentence meaning. Gap in FO contour is due to the closure and aspiration at the
beginning of the verb /ptulmjon/.

In a typical workflow for FPCA, the raw contours are preprocessed to normalize for
variation due to unrelated factors such as apparent pitch range difference according
to participants’ gender. As for the current pilot experiment, since all data came from
a single speaker, this step is skipped.

Figure 5.5 presents raw F(0 measurements per each sentence meaning measured
from one of the H-verb stems, i.e., /kiman pPulmjon/. It is already noticeable that
the FO contour for the ‘start’ sentence rises to an H target and stays high, while the

contour for the ‘stop’ sentence goes down to an L target before it goes up again.
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This is predicted from the proposal that the verb starts a new AP in the ‘start’
sentence. The measurements from the matrix predicate after the verb phrase will
not be considered here as they are expected to be irrelevant for distinguishing the
sentence meaning.

These individual curves have different total durations. To be parameterized using
the same PC functions, these contours need to be projected onto a fixed time interval.
As they are time-normalized, an important landmark is registered. A ‘landmark’
refers to a particular time point that is linguistically meaningful (e.g., a syllable
or word boundary). The relevant landmark is the PW boundary bewteen /kiman/
and the verb. This time point is registered, meaning the time interval is warped
such that the contours are synchronized with respect to the landmarks. Smoothing
of the contours and the time-warping with respect to the landmark is coded using
landmarkUtils package (Gubian, 2024) in R (R Core Team, 2023).

The smoothed and landmark registered contours are the input to the FPCA which
was implemented with the MFPCA package (Happ-Kurz, 2022) in R (R Core Team,
2023). FPCA outputs the mean curve contour (u(t)), with a small number (n) of
Principal Component (PC) curves (PCy, PCy ... PC,). Each PC curve represents a
variation in shape identified from the set of input curves. As in standard Principal
Component Analysis, PCs are ordered by the amount of variation that each PC
captures in the data. PC1 by definition represents the shape component that the
input curves vary in the most. FPCA provides a model of a given curve with multiple
PC curves and the weights for each PC curve (sq, sy ... s,), named PC scores. A
given input curve (f(¢)) is approximated by a linear combination of weighted PCs
added to the mean curve as in Equation 5.1. This linear combination is exactly the
same as ordinary PCA, except each PC is a function of time, rather than vectors of

real numbers.
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f@) = p(t) + sy x PCy + sy x PCsy...s, x PC), (5.1)

landmarks
11 12 I3 11 12 13

000 025 050 075 1.000.00 025 050 075 1.00
Registered time

PC

o-1 0 1

Figure 5.6: PC1 and PC2 from F0O contours of H-verb sentences before /tfoh-kes*-
ta/ (i.e., /kiman/ Verb stem /mjon/) Black: mean contours, Blue: Mean contour
minus quarters of standard deviation. Red: Mean contour plus quarters of standard
deviation. Dashed lines: three landmarks, i.e., beginning of /kiman/, the beginning
of the verb, and the end of the verb. PC1 accounts for 65.9% variance, PC2 12.5%
variance in the data set. Red and blue contours are formed by adding or subtracting
quarters of standard deviation of each PC to the mean contour.

The two PCs found from the H-verb sentences are presented in Figure 5.6. The
PC curves are shown in a normalized time scale (0-1) named ‘Registered time’. The
time scale takes into account that there are two PWs for all contours: /kiman/
and the verb and the contours are synchronized using the landmarks. The dashed
lines labeled ‘11’, ‘12’, and ‘13’ mark the landmarks: the beginning of /kiman/, the
beginning of the verb, and the end of the verb, respectively. In both panels, the black
thick contour is the mean contour, i.e., p(t) in Equation 5.1. In addition to this mean
contour, 8 additional contours are plotted for each PC, which are formed by adding or

subtracting quarters of standard deviation of each PC, as the legend indicates. The
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red ones are formed by adding quarters of standard deviation of each PC to the mean
contour, and the blue ones are formed by subtracting them from the mean contour.
The contours with the strongest color are therefore the contours that vary from the
mean contour by one standard deviation to either side of the PC dimension.

Figure 5.6 shows that PC1 describes whether the contour rises and stays high
after the verb or whether it goes down before going up again. This PC accounts for
65.9% of the variance in the data. PC2 describes something similar to PC1, in terms
of the contour shape, but it does not describe the pitch level difference after the verb,

in the way PC1 describes it. PC2 only accounts for 12.5% of the variance.
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Figure 5.7: Scatter plot showing individual FO contours in PC1 and PC2, colors
represent the meaning of the contours.

The input curves, i.e., FO contours of H-verb sentences are parameterized as points
in the PC space defined with the first two PCs. Figure 5.7 plots individual contours
in their PC scores for the first two PCs. ‘PC1’ will be used in place of s; here for

convenience, though technically ‘PC’ refers to a function, and s; refers to the weight
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assigned to this function, when approximating a given input curve f(¢). The color
of a point represents the meaning of the contour. As it is clear from the figure, FO
contours for kimang,,, and kimang,, sentences are separated on PC1. The ones with
the ‘start’ meaning in black are clustered in the right half of PC1, while the ones
with the ‘stop’ meaning in red are clustered in the left half of PC1. Being right on
this dimension corresponds to being closer to the red contour and being left on this
dimension corresponds to being closer to the blue contour in Figure 5.6.

A standard statistical tool such as regression analysis can be used to test whether
PC1 can be predicted by the meaning of the sentence. In this study, a linear mixed
effects regression model was fitted to test whether there was a reliable difference
between the two meanings of /kiman/ in terms of PC1, when other factors were
considered such as the verb-initial consonant type (Ctype), stem length of the verb
(Stem.length), and which repetition is the token from (1, 2, or 3) (Rep) and random
variation for each item (a random intercept for each verb item). The model was
fitted using 1me4 (Bates et al., 2015) and the statistical significance was computed
with lmerTest (Kuznetsova et al., 2017) in R (R Core Team, 2023). The model
formula is in (8). The same formula will be used for other FPCA analyses presented
in the later sections, unless otherwise specified. The predictor ‘Ctype’ will be different
for each FPCA, depending on which subset of the data is being investigated. As the
data here consists of FO contours for H-verb sentences, Ctype is a categorical predictor

with three levels coding the categories of H-segments: aspirated, fortis, and /s, s*,
h/.
(8)  Statistical model formulas for FPCA in this study

a. Linear mixed effects regression
PC1 ~ Meaning * Ctype + Meaning * Stem.length + Meaning * Rep +

(1]item)
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b. Posthoc pairwise comparison for model in a.

emmeans(model, pairwise ~ Meaning|Ctype + Meaning|Stem.length +

Meaning|Rep)

Rep Stem.length  Ctype Estimate SE  t.ratio p.value
Repetition 1 Disyllable Aspirated 33.9 1.31 25.908 <.0001
Fortis 31.5 1.27 24.736 <.0001

/s, s* h/ 320 1.39 23.004 <.0001

Monosyllable Aspirated 35.2 1.23 28.541 <.0001

Fortis 32.7 1.20 27.228 <.0001

/s, s*, h/ 332 1.39 23.883 <.0001

Repetition 2 Disyllable Aspirated 30.9 1.31 23.562 <.0001
Fortis 28.4 1.27 22.323 <.0001

/s, s* h/ 289 1.39 20.793 <.0001

Monosyllable Aspirated 32.1 1.23  26.047 <.0001

Fortis 29.7 1.20 24.672 <.0001

/s, 8% h/  30.1 1.39 21.673 <.0001

Repetition 3 Disyllable Aspirated 28.8 1.31 21.952 <.0001
Fortis 26.3 1.27 20.667 <.0001

/s, s*, h/ 268 1.39 19.275 <.0001

Monosyllable Aspirated 30.0 1.23 24.334 <.0001

Fortis 27.5 1.20 22.916 <.0001

/s, 8% h/  28.0 1.39 20.154 <.0001

Table 5.11: Result of the pairwise posthoc comparisons for the model fit with the
formula in (8) testing whether two meanings of /kiman/ differ significantly on PC1
across levels of Rep, Stem.length and Ctype.

As a reminder, the research question that we address here is: Does the H-verb
initial syllable have a higher FO in the kimang,,+ sentence than in the kimang,, sen-
tence? There may be differences in the size of the difference between the two mean-
ings, varying by Ctype, Stem.length, and Rep, but these effects are supplementary.
Consequently, instead of directly reporting the model result, the model was submitted
to a posthoc pairwise comparison test, using emmeans (Lenth, 2018), which calculated
‘estimated marginal means’. Only the result of this pairwise comparison test will be
reported. The formula for this is in (8b). The estimated marginal means addressed

the following question: Is the model predicted PC1 significantly different between
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the two meanings (Start - Stop) across levels of ‘Ctype’, ‘Rep’, and ‘Stem.length’?
The answer to this question is directly relevant for addressing the current research
question. Since the contours for ‘Start’ have higher values in PC1 (see Figure 5.7),
we expect the difference between the two meanings (Start - Stop) to be positive. The
results are in Table 5.11.

The ‘estimate’ column in Table 5.11 shows the difference in the marginal means
between PC1 for the ‘Start’ tokens and PC1 for the ‘Stop’ tokens, for each Stem.length
and Ctype variable. Table 5.11 is divided into three parts for each repetition. In each
part, the top half shows the estimated marginal mean difference for disyllbic stems and
the bottom half shows the estimated marginal mean difference for monosyllabic stems.
Across all combinations of Rep, Stem.length and Ctype, the estimated marginal mean
difference between the PC1 for the ‘Start” and ‘Stop’ are positive, and these differences
are all statistically significant (p < 0.05). The results indicate that no matter which
repetition the curves were from, what the verb stem length was, and what the verb-
initial segment was, the FO contours from the ‘Start’ sentences had significantly higher
PC1 values than the ones from the ‘Stop’ sentences, which confirms the observation
from Figure 5.7 that PC1 provides a good explanation of how the FO contour shape
differs by the sentence meaning.

Finally, once the PC that distinguishes the two meanings of /kiman/ was identi-
fied, average contour (u(t)) per meaning was reconstructed using the category specific
mean for the chosen PC score, i.e., PC1. The curves in Figure 5.8 show the recon-
structed curves for each meaning, using the marginal means for PC1 averaging across
other factors. The resulting contours can be conceived as representative models of
FO contours of kimang,, + H and kimang,,, + H. Using the K-ToBI notation, these
contours may be analyzed as having ‘L +H L+ Ha’ and ‘L Ha H Ha’, respectively,

which supports the proposal that the verb starts a new AP in the kiman,,.; sentence.
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Reconstructed curves
using regression model estimates for PC1
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Figure 5.8: Reconstructed curves with marginal means for PC1 for each sentence
meaning, averaging across Ctype and Stem.length.

5.4.1.2 Phonetic implementation of expected L +H L+ Ha vs. L Ha L
Ha

The second research question we address is related to the FO contours for L-
verb sentences: Is there a difference in the transition between /man/ and the verb-
initial syllable, depending on the meaning of /kiman/? In the proposed prosodic
structures, we expect the verb to start a new AP in the kimang,,; sentence, but not
in the kiman,,, sentence. These prosodic structures are expected to be realized with
different tonal melodies: L Ha L Ha for kimang,,+ and L +H L+ Ha for kimang,,. We
expect to find a smaller or more gradual transition in the kimang,, sentence compared
to the kimang,,; sentence, which reflects the difference in the tonal melodies.

The two PCs found from the L-verb sentences are presented in Figure 5.9. PC1
describes the overall height difference and the late timing of the L target after the

beginning of the verb (12’ in the figure). This PC1 seems to describe the expected
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difference between L. Ha . Ha and L +H L+ Ha tonal melodies. As a lower PC1
(blue) indicates a later alignment of the L target, it corresponds to the L +H L Ha
melody. We expect the FO contours for kimang,, sentences to have a lower PC1
value compared to the ones for kimang,,+ sentences. This PC accounts for 38.1% of
the variance in the data. Notably, PC1 found for L-verb sentences (38.1%) does not
describe as much variance as PC1 found for H-verb sentences (65.9%). This suggests
that the variation in the data is less systematic. PC2 describes the range of pitch
movement on /kiman,/ and accounts for 21.8% of the variance.

Another potential way these FO contours might vary was in the height of the verb-
final H target. In the recursive AP proposal, recall that the right edge of the verb
following kiman g, is aligned with two AP right edges, while the right edge of the verb
following kimang,, is aligned with only one AP right edge. I have hypothesized that
this may lead to a boost in H-target at the end of the verb in kimang,,; sentences,
compared to kimang,, sentences. This difference has been described as one that
possibly If this was a systematic variation in the data, we would expect to see one
of the PCs describing this variation. However, it seems that neither PC1 nor PC2
describes this kind of variation. This suggests that the recursive AP proposal is not

supported by the FO data.

252



landmarks
11 12 13 11 12 13

000 025 050 075 100000 025 050 075 1.00
Registered time

Figure 5.9: PC1 and PC2 from FO contours of L-verb sentences. PC1 accounts for
38.1% variance, PC2 21.8% variance in the data set.

Rep Stem.length  Ctype  Estimate SE t.ratio p.value
Repetition 1 Disyllable Lenis 4.282 0.740 5.789  <.0001
LFillers 6.932 0.744 9.313  <.0001
Monosyllable Lenis 2.239 0.911 2.456 0.0144
LFillers 4.889 0.966 5.062 <.0001
Repetition 2 Disyllable Lenis 1.422 0.740 1.922  0.0551
LFillers 4.072 0.744 5471  <.0001
Monosyllable Lenis -0.622 0.911 -0.682 0.4955
LFillers 2.029 0.966 2.101  0.0362
Repetition 3 Disyllable Lenis 1.560 0.740 2.109  0.0354
LFillers 4.210 0.744 5.657  <.0001
Monosyllable Lenis -0.483 0.911 -0.530 0.5962
LFillers 2.167 0.966 2.244  0.0253
Table 5.12: Result of the pairwise posthoc comparison testing whether two meanings
of /kiman/ differ significantly (Start - Stop) on PC1 across levels of Stem length and
Ctype.

As before, a linear mixed effects regression model was fitted to test whether there

was a reliable difference between the two meanings of /kiman/ in terms of PC1, when
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other factors were considered such as the verb-initial consonant type (Ctype), stem
length of the verb (Stem.length), repetition number of the token (Rep) and random
variation for each item (a random intercept for each verb item). Ctype was coded
with two levels: lenis and LFiller. LFiller included all of the L-segments other than
lenis stops, i.e., nasals and vowels. The model was submitted to a pairwise posthoc
comparison test and the result is in Table 5.12. In most rows, the estimate was
positive, meaning FO contours for kimang,, were lower in PC1, meaning they had
later alignment of the L target, as expected.

The estimates were significant (p < 0.05) when the verb stem was disyllabic for
both kinds of Ctype values, with the exception of lenis verbs in Repetition 2, which
was marginally significant (p = 0.0551). When the verb stem was disyllabic, the L
target was expected to be aligned to the initial syllable in kiman,,; sentences, and to
the penultimate verb-second syllable in kiman,, sentences, as shown in Table 5.13.
When the verb stem was monosyllabic, on the other hand, the estimated difference
between Start and Stop meanings was consistently significant when the verb-initial
segment was not lenis (LFiller). When the verb-initial segment was lenis, however,
the estimated difference between Start and Stop meanings was only significant in
Repetition 1 (p = 0.0144), but not in Repetitions 2 and 3 (p = 0.4955 and 0.5962,

respectively).

kiman gq, kimanep,
Stem length  kiman Verb kiman Verb
Disyllable oo o 0o o o0 0O 0 g O

LHa L .. Ha L+H .. L+ Ha
Monosyllable o o g o c o o o

LHa L Ha L +H L+ Ha

Table 5.13: Syllables and tones for the two question types when the verb phrase is
long.

These category specific estimated marginal means of PC1 were used to reconstruct

FO contours for each Ctype and Stem.length values. This is in Figure 5.10. The
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difference between the two meanings is very subtle in all four panels, and in particular,
the two FO contours for monosyllabic lenis verbs are not distinguished.

To answer the research question, therefore, there seems to be some evidence that
suggests the AP initial L in the kimang,,; sentence is aligned earlier than the AP-
medial L+ in the kimang,,, sentence, but it is a very subtle difference, and may not
be significant when the verb stem is monosyllabic starting with a lenis stop. This
miniscule difference in production raises questions about whether this is perceptually

salient for listeners. This is addressed in the discussion section (§5.5).

Reconstructed curves
using regression model estimates for PC1
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Figure 5.10: Reconstructed FO curves with marginal means for PC1 for each sen-
tence meaning, for each value of Ctype and Stem.length. The top rows contain con-
tours when Stem.length is disyllablic, and the bottom rows contain contours when
Stem.length is monosyllable. The left column corresponds to when Ctype is lenis,
and the right column corresponds to when Ctype is LFiller: nasals and vowels.

5.4.2 Syllable duration: /man/ vs. /mjon/
Another prediction that the recursive AP proposal makes is that the difference in

duration between the verb-final syllable /mjon/ and /man/ is greater in the kiman .
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sentence compared to the kimang,, sentence. In this proposal, /kiman/ in both
sentences is phrased as an AP on its own. The difference between the two is that
in the kimang,,; sentence, the right edge of the verb is aligned with two AP right
edges, while in the kimang,, sentence, it is aligned with only one AP right edge.
If we assume that the number of AP right edges decides how much pre-boundary
lengthening occurs (Baek & Yun, 2018), we would expect to see a greater difference
in duration between /mjon/ and /man/ in the kimang,, sentence compared to the
kimang,, sentence.

To test this prediction, a linear mixed effects regression was fitted on the syllable
durations of /man/ and /mjon/ in H-verb and L-verb sentences. The predictors were
Meaning (a binary coded variable with ‘Start” as the reference), PW.final.syllable (a
binary coded variable with ‘/man/’ as the reference), and the interaction of the two.

A random intercept for each verb item was included. The result is in Table 5.14.

Fixed Effects Estimate SE t value Pr(> |t])
(Intercept) 186.491  2.191 85.112 <2e-16 ***
Meaning (= Stop) 35.842 2.576 13.913 <2e-16 ***

PW final.syllable (= /mjon/) 18.495 2.576 7.179  1.29e-12 *H*
Meaning:PW final.syllable -5.717 3.643 -1.569 0.117
Table 5.14: Linear mixed effects regression on syllable durations of /man/ and /mjon/
with the formula: duration ~ Meaning (stop) * PW.final.syllable (/mjon/) + (1|item).

Fixed effects of Meaning and PW.final.syllable were both positive and statistically
significant, indicating that both /man/ and /mjon/ syllables had longer durations in
the kimang,, sentence than in the kimang,,; sentence, and in general, /mjon/ was
longer than /man/ in both sentences. The fact that /mjon/ was longer than /man/
was an unexpected results, based on the proposals for the prosodic structures in
Figure 5.1. In the original proposal, both /man/ and /mjon/ are AP-final syllables
in the kimang,,; sentence, and thus not expected to differ in duration. This will be

discussed further in §5.5.
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However, the results did not support the recursive AP proposals either, since
crucially the interaction between Meaning and PW final.syllable was not significant,
meaning that the difference between /mjon/ and /man/ was not different across
the sentence meanings. The lack of interaction in syllable duration, and the lack
of evidence suggesting a higher tone on /mjon/ for the kimang,; sentence do not

support the recursive AP proposal.

5.4.3 FPCA with intensity contours

The last research question to address is whether the verb-initial segment in the
kiman g, sentence is pronounced with a stronger articulation than the one in the
kimang,, sentence. As mentioned in §5.2.2, four types of consonants are investi-
gated: lenis obstruents, aspirated obstruents, /h/, and nasals (/n, m/). If the verb
starts a new AP, the verb initial consonant is expected to be realized with a stronger
articulation. Acoustically, this means that the intensity is expected to drop more dra-
matically from the preceding sonorant consonant (/n/ in /kiman/) to achieve a more
complete closure for the consonant. Aspiration of lenis and aspirated obstruents, /h/
frication, and denasalization of nasals may all be described as having a more extreme

intensity change compared to the preceding sonorant segment.
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Figure 5.11: PC1 and PC2 from intensity contours of sentences with verbs that start
with aspirated obstruents, /h/, lenis obstruents, or nasal consonant. PC1 accounts
for 45.9% variance, PC2 24.0% variance in the data set.

The two PCs found from intensity contours of the sentences with verbs starting
with the four types of consonants are presented in Figure 5.11. PC1 described how
much intensity drops at the beginning of the verb (‘12’) and it accounted for 45.9% of
the variance in the data. PC1 was higher (red) when intensity dropped more at the
beginning of the verb. Therefore, we expect the kiman ., sentence to have a higher
PC1 than the kimang,, sentence, and the difference between them to be a positive
value.

To test the prediction, a linear mixed effects regression was fitted for PC1. The
dependent variable was PC1, and the predictor was Ctype and Rep (Repetition), and
random intercept for each item was included. Stem.length was not included because
there were no /h/ disyllable stems in the data (see Table 5.10 for verb items). The
model was then submitted to a pairwise posthoc comparison test, to check if the

kimang,+ sentence had a higher PC1 than the kimang,, sentence, across different
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values of Ctype and Rep. The result is in Table 5.15. The estimates were all positive

values and they were significant (p < 0.05) across value of Ctype and Rep.

Rep Ctype Estimate SE t.ratio p.value
Repetition 1  Aspirated 0.529 0.251 2.106  0.0357
/h/ 4.583 0.645 7.101 <.0001
Lenis 6.008 0.177 33.965 <.0001
Nasal 0.523 0.206 2.534 0.0116
Repetition 2 Aspirated 0.776 0.251 3.093 0.0021
/h/ 4.831 0.645 7.485  <.0001
Lenis 6.255 0.177 35.366 <.0001
Nasal 0.771 0.206 3.734  0.0002
Repetition 3 Aspirated 0.821 0.251 3.270  0.0011
/h/ 4.876 0.645 7.554  <.0001
Lenis 6.300 0.177 35.618 <.0001
Nasal 0.815 0.206 3.950  0.0001

Table 5.15: Result of the pairwise posthoc comparison testing whether two meanings
of /kiman/ differ significantly (Start - Stop) on PC1 across levels of Ctype.

Intensity contours for each Ctype were computed using the results of the estimated
marginal means. They are presented in Figure 5.12. As shown in Table 5.15, the
amount of difference between the two meanings was different across Ctypes. Lenis
had the largest difference between the meanings, followed by /h/, nasals, and finally
aspirated. It seems that a lack of an oral constriction for /h/ allows for considerable
reduction in intensity in the kimang,, sentence, while nasals, even when they are
denasalized (in the kimang,.; sentence), are still produced with a high intensity,
possibly because they are still voiced.

Going back to the research question, intensity contours for sentences with verbs
that started with aspirated, /h/, lenis, and nasals were investigated. As predicted,
the verb-initial segment in the kimang,,; sentence was stronger than the one in the
kimany,,, sentence for all segments investigated, though they differed how much they

differed by the sentence meaning.
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Figure 5.12: Reconstructed Intensity curves with marginal means for PC1 for each
sentence meaning, for each values of Ctype (aspirated, /h/, lenis, and nasal)

5.4.4 Segment-specific phonetic correlates for prosodic phrasing

In the K-ToBI model, the prosodic structures are always marked by delimiting AP-
initial and final tones. The medial syllables were assigned to different tonal labels
(+H and L+) primarily for phonetic reasons, and previous results show they are
phonetically different compared to initial/final tones (Lee & Lee, 2013). Extending
the corpus-based findings presented in Chapter 3, this study presents a case where AP
phrasing is not phonetically implemented in terms of a difference in tonal contours,
but in terms of a difference in intensity contours, which can be analyzed as segmental
lenition. In particular, when the verb stem was monosyllabic and started with a lenis
segment, there was no measurable difference between the FO contours (§5.4.1.2), but
there was a large difference between the intensity contours (§5.4.3).

The finding here does not suggest that the FO contours of the monosyllabic le-

nis verb stems need to be or will be labeled with the same sequence of tones in the
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K-ToBI system, if these contours are transcribed by K-ToBI transcribers. If the FO
contours of two /kiman/ sentences are transcribed with the same labels, it suggests
that they do not differ in the prosodic structures, just just when the verb is mono-
syllabic and starts with a lenis. Instead, it is most likely that they would still be
transcribed differently: ‘L +H L+ Ha’ for the kimang,, sentence and ‘L Ha L Ha’
for the kimang,,; sentence. The finding suggest that the medial tones may be as-
signed because the transcriber already knows from other information, such as the
intensity contour, that these syllables are AP-medial, even when they are not mea-
surably different from the initial/final tones. Put differently, the prosodic structures
are phonetically implemented with multiple dimensions and tonal labels represent the
prosodic structures phonologically, but they may not necessarily show how prosodic
structures differ phonetically.

To illustrate this, sentences with Lenis verbs and Aspirated verbs are investigated
further. For each subset, FO contours and intensity contours were parameterized using
FPCA, and PCls are standardized to be on the same scale. The PCs looked similar
to the ones presented in earlier corresponding subsections and they are not repeated
here. Individual contours are plotted in the scatter plot in Figure 5.13. There is a
clear difference between lenis and aspirated segments in how they differentiate the
sentence meanings. Aspirated verbs mainly differ by sentence meaning in terms of
FO variation, while Lenis verbs mainly differ in terms of intensity variation. Since
they have the same syntactic structures, it is not likely that they have different
prosodic structures. However, the results show the way the prosodic structures differ

phonetically depends on the laryngeal category of the PW-initial segment.
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Figure 5.13: Scatter plot showing /kiman/ Verb in the standardized FO cue (z-
transformed PC1 found from their FO contours) and the standaradized Intensity cue
(z-transformed PC1 found from their Intensity contours). Left panel shows data for
Aspirated-initial verbs and right panel shows data for Lenis-initial verbs.

5.5 Discussion
In this study, three phonetic correlates of prosodic structures were investigated:
FO, duration, and intensity, to address how prosodic structures differ between the two

meanings of /kiman/ + Verb sentences. I repeat the research questions in (9).

(9)  a. Difference in phrasing: Do the two meanings of /kiman/ + Verb differ in

prosodic phrasing, as proposed in Figure 5.17

(i) §5.4.1.1 LHaHHa (start) vs. L+HL+Ha (stop): Is there a notice-
able shape difference in the FO contour between the two /kiman/
sentences when the following verb starts with an H-segment?

(ii) §5.4.1.2 LHaLHa (start) vs. L+HL+Ha (stop): Is there a shape dif-
ference (larger excursion or steeper slope) in the FO contour between
the two /kiman/ sentences when the following verb starts with an
L-segment?

(iii) §5.4.3 Continuity lenition: Is the verb-initial segment produced with
a weaker articulation in the kimang,, sentence, compared to the

kimang,,; sentence?
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b. Recursive APs: Are the recursive prosodic structures in Figure 5.3 sup-
ported by the acoustic data?

(i)  §5.4.1.2 High tone on /mjon/: Is the tone on /mjon,/ higher in the
kimang,,+ sentence than in the kimang,, sentence?

(ii) §5.4.2 Syllable duration: Is the difference in syllable duration be-
tween /mjon/ and /man/ larger in the kimang,,.; sentence than in
the kimang,, sentence?

c. §5.4.4 Segment specific acoustic implementation: Is the prosodic phrasing
acoustically implemented differently depending on the laryngeal category

of the verb-initial obstruent, as proposed in Chapter 37

First, the two meanings of /kiman/ + Verb sentences were found to differ in prosodic
phrasing, as proposed in Figure 5.1. This was clearly demonstrated with the FO
contours of sentences with H-verbs (§5.4.1.1). While the FO contour for the kiman .
sentence had a higher FO after the verb, which may be interpreted as an AP-initial H
tone, due to the verb-initial H-segment (Jun, 1993), the FO contour for the kiman,,
sentence had a lower FO after the verb, which may be interpreted as an AP-medial
L+ tone.

Second, the FO contours for sentences with L-verbs (§5.4.1.2) also differed by the
sentence meaning, though the difference was more subtle and was mostly limited to
disyllabic verb stems that started with nasals or vowels. The found difference was
in terms of the timing of the L target after /kiman/, as reported in Tremblay et al.
(2019). However, specifically for lenis stops, this difference was not significant, when
the verb stem was monosyllabic.

Third, the sentences with lenis stops as verb-initial segments were found to differ
in terms of intensity contour, instead. In addition to lenis stops, aspirated, /h/, and
nasals were found to vary in terms of intensity change as a function of sentence mean-

ing. This may be interpreted as suggesting these consonants exhibiting ‘continuity
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lenition’ (Kingston, 2008; Ennever et al., 2017; Katz & Pitzanti, 2019), though the
extent to which they were lenited differed.

Fourth, the results did not support the recursive AP proposal in Figure 5.3. If the
prosodic phrasing was recursive, we would expect the tone on /mjon/ to be higher
in the kimang,: sentence than in the kimang,, sentence, since /mjon/ is aligned
with two AP right edges in the former, but only one AP right edge in the latter.
This structural difference would also predict a difference in syllable duration between
/mjon/ and /man/, specifically in the kimang,,; sentence. However, neither of these
predictions were borne out. This suggests that the prosodic structures were not
recursive in the two /kiman/ sentences, or at least that there is no empirical evidence
to posit recursive structures at least for the sentences investigated here. This suggests
that the prosodic phrasing difference reported here is due to the difference in the
underlying information structure, as discussed in Chapter 4. Future studies could
further investigate how the two meanings of /kiman/ may lead to a difference in
information structure, and therefore to a difference in prosodic phrasing.

This chapter presented a data-driven approach, FPCA, to investigate how prosodic
structures differ between a pair of syntactically ambiguous sentences. Unlike a tra-
ditional approach that first labels the data with ToBI labels, the current analysis
used PC curves to capture the prosodic characteristics of the sentences. The found
PC curves were then investigated to see if the two syntactic structures differ in these
particular shape characteristics. While K-ToBI labels prioritize the tonal evidence,
the current approach allowed for a more objective comparison of FO contours. Since
FPCA can be applied to any time series data, it also allowed for the investigation of
intensity contours, which revealed that the two meanings of /kiman/ + Verb sentences
differ in terms of intensity contours when the verb starts with a lenis stop. In §5.4.4,
it was clearly shown that the prosodic phrasing difference between the two meanings

of /kiman/ + Verb sentences was phonetically implemented differently, depending on
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the laryngeal category of the verb-initial segment. This finding replicated the corpus-
based findings presented in Chapter 3, and it suggests that the prosodic structures are
phonetically implemented with multiple dimensions, and that tonal labels may not
always reflect how prosodic structures differ phonetically. I argue that the K-ToBI
tonal labels should therefore be understood as phonological symbols that reflect the
prosodic structure, rather than reflecting how they are phonetically implemented in
terms of FO contours.

The fact that the tonal contours differed minimally for lenis verbs poses a percep-
tual question of what listeners pay attention to when they try to disambiguate the sen-
tence meaning of the /kiman/ + Verb construction. Previously, Gubian et al. (2010)
tested impressionistically that the FO contours for question/statement in Neapolitan
Italian reconstructed using the PCs were good in quality, in that when PC score val-
ues at the two ends of a PC dimension that distinguished questions from statements,
the resulting FO contours were indeed unambiguous. When a PC score value was
chosen in the ambiguous mid point of this continuum, however, the resulting FO con-
tour sounded ambiguous. Their results suggested that FPCA can be used to create
controlled stimuli for perception experiment, to test whether listeners interpret a par-
ticular FO contour with one meaning versus another. The reconstructed FO contours
described in this chapter were used to create stimuli for a perception study presented
in Chapter 6.

Finally, T make revisions to the original proposal for prosodic structures in Fig-
ure 5.1, based on the unexpected finding that /mjon/ was longer than /man/ in both
sentences (§5.4.2). In the original proposal presented in Figure 5.1, since /man,/ and
/mjon/ are both AP-final syllables in the kimang,,; sentence, from the structure there
is no reason why /mjon/ must be longer than /man/. In the kimang,, sentence, while
/man/ is PW-final (and not AP-final), /mjon/ is AP-final. However, given the expec-

tation that AP-final syllables do not exhibit preboundary lengthening (Jun, 1993),
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we do not expect a duration difference between these two syllables in the kimang,,
sentence, either.

There are two potential explanations. First, /mjon/ may be longer than /man/
because it has an extra glide /j/. Second, there may be an intermediate phrase
(ip) dominating the AP(s), as shown in Figure 5.14. By introducing an ip node,

lengthening of /mjon/ may be analyzed to be due to being ip-final.

IP IP
/\ /\
ip ip ip ip
| | T |
AP AP AP AP AP
PW PW tfo.ke.t*a PW PW tfo.kPe.t*a
s s S S s s S s
I I
ki man bul mjon ki man pul mjon
I I
L +H L+ H- L Ha L  H-
(a) Stop blowing (b) Start blowing

Figure 5.14: Prosodic trees for the sentences in (1) which explain why /mjon has
a longer syllable duration than /man/ in both sentences. /mjon/ is longer due to
ip-final lengthening.

The ip was first introduced in the K-ToBI model to explain a bigger prosodic
juncture at the end of a relative clause (Jun, 2006, 2007). Given that /mjon/ (a con-
ditional suffix) is at the end of a CP syntactically, just like the end of a relative clause,
it suggests that ‘CP’s map to ‘ip’s in Syntax-prosody mapping. Further studies are
needed to investigate whether /mjon/ is simply longer than /man/ due to segmental
reasons, or due to other reasons such as the syntactic positions of these morphemes.

Introducing the level of ‘ip” may also change the syntax-prosody mapping proposed
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in Chapter 4 as it increases the number of ways PWs may be prosodically phrased

(into APs and ips). I leave this for future research.
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CHAPTER 6
PERCEPTION EXPERIMENT

6.1 Introduction

This chapter presents a perception experiment that tests how listeners interpret
the /kiman/ + Verb construction discussed in the previous two chapters, Chapter 4
and Chapter 5, when it is presented auditorily.

In the experiment, listeners were asked two questions. The first question was
about which lexical item they heard in the position of the verb (‘Choose the verb you
heard’). The second question was about which meaning of /kiman/ they interpreted
the utterance as (‘Choose the action that the speaker wants (proceed or discontinue)’).
The first question tests how listeners decode the segmental realization of the verb-
initial segment, while the second question tests how listeners decode the prosodic
structure of the utterance. For each question, they were asked to answer a binary-
forced choice question, choosing one out of two lexical items that differed in the
phonemic category of the verb-initial segment (e.g., /pul/ ‘to blow’ or /p"ul/ ‘to
solve’) for the lexical identification question, and one out of two meanings of the
/kiman/ + Verb construction (i.e., ‘Start Verbing’ or ‘Stop Verbing’) for the sentence

interpretation question. These options are summarized in (1) and (2).

(1) Two choices for a lexical identification question for an audio-manipulated ut-

terance containing /kiman/ + Verb

a. kiman Lenis verb (e.g., /pul/ ‘to blow’)

b. kiman Non-lenis verb (e.g., /p"ul/ ‘to solve’)
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(2) Two choices for a sentence interpretation question for an audio-manipulated

utterance containing /kiman/ + Verb

a. kimang,. Verbing

b.  kimang,, Verbing

This experiment investigates how listeners decode the acoustic signal when the FO
contour cue mismatched with the expected segmental realization of the verb-initial
lenis obstruent. The FO contour was manipulated such that it either signaled an AP
boundary between /kiman/ and the following verb, or not. The segmental realization
of the verb-initial lenis obstruent was then manipulated to create a mismatch with
the FO contour. When the FO contour signaled an AP boundary after /kiman/, the
verb-initial lenis obstruent was manipulated to signal no boundary, and vice versa.

When the FO contour mismatches the segmental realization, listeners may choose
to decode the acoustic signal in one of the following ways. First, they could prioritize
the FO cue over the segmental realization. This prediction follows from the view
that segmental cues are uninformative and unreliable, and thus possibly not used in
perception (Jun, 1994; Arvaniti & Baltazani, 2005). In Chapter 3 and Chapter 5, I
have shown that when it comes to distinguishing whether there is an AP boundary
before a lenis obstruent or not, FO cues may be less informative compared to how lenis
obstruent is realized. However, it is still an empirical question whether listeners would
still prioritize FO cues, despite their potential lack of distinctiveness in perception. I
will refer to this pattern as ‘F0 prioritization’.

Second, listeners may instead prioritize the segmental realization over the FO cue.
For instance, when listeners hear an FO contour signaling an AP boundary, while the
following lenis obstruent is not what they would expect in this context (i.e., if the
lenis is voiced), they may interpret the utterance as having no prosodic boundary,
prioritizing the segmental realization. This is a plausible pattern given previous

findings in the literature that suggest listeners are sensitive to segmental realization
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in auditory sentence processing (e.g., Scott & Cutler, 1984; Mitterer et al., 2021; Choi
& Mazuka, 2001, 2003; Yoo, 2020; Farinella & Lee, 2024). T will refer to this pattern
as ‘Segment prioritization’.

Third, listeners may process the sentence differently, by identifying the lexical item
as having a different phoneme category. One way to resolve the mismatch between the
FO contour and the segmental realization is to categorize the segment as a different
phoneme. For instance, as reviewed in Chapter 1, lenis and aspirated obstruents
have no difference in terms of VOT in the AP-initial position (e.g., Kang & Guion,
2008; Bang et al., 2018), and no difference in terms of FO in the AP-medial position
(Lee, 2018). Therefore, depending on the FO contour, a given lenis obstruent may
be interpreted as an aspirated obstruent, provided that there exists a minimal pair
word starting with an aspirated obstruent, rather than a lenis one. For details of this
pattern, see §6.2.1. I will refer to this pattern as ‘lexical reanalysis’, as listeners taking
this strategy are reanalyzing the segmental realization in the signal as conveying an
alternative phoneme category, based on the FO contour.

Another question that this experiment is designed to test concerns whether lis-
teners are biased toward interpreting /kiman/ + Verb as ‘Stop Verb-ing’ or ‘Start
Verb-ing’. In previous studies that conducted prosodic disambiguation experiments,
listeners have shown to be biased towards one of the two meanings of the syntactically
ambiguous sentence (Mitterer et al., 2021; Yun & Lee, 2022; Farinella & Lee, 2024).
Previous research on /kiman,/ has reported mixed results regarding this question
(Gim, 2004; Tan, 2023), as will be discussed in §6.2.

To preview the results presented in §6.4, the results suggest there is a signifi-
cant perceptual role of segmental realization in signaling prosodic structure, again
providing evidence that FO contour is not the only thing that is relevant for the im-
plementation of prosodic structure. In particular, the results supported the second

pattern, ‘segment prioritization’, as a strong realization of lenis obstruent increased

270



the likelihood that listeners interpreted the sentence as meaning ‘Start Verbing’, con-
sistently for all FO contour patterns, compared to a weak realization. This finding
aligns with the results of Chapter 3 and Chapter 5, which showed that the FO contour
was not very distinct between the two prosodic structures that differed in prosodic
phrasing, while the segmental realization was more robustly differentiated. It also
supports the prediction that follows from the results of Chapter 2, which argues that
lenis obstruent is not optionally affected by the prosodic structure, and the acoustic
realization of lenis obstruent therefore may be used as a perceptual cue, contrary to
what has been assumed in previous literature (Jun, 1994). The results also suggested
that listeners took the third strategy ‘lexical reanalysis’ only when the FO contour sig-
naled an AP boundary but not when it did not. As for the second research question,
listeners were biased towards understanding /kiman/ + Verb as ‘Stop Verb-ing’.
§6.2 reviews the findings presented in this dissertation so far, which motivate the
design of the current perception experiment. It also reviews relevant literature on the
interdependency of prosodic structure and phoneme identification. Most of the studies
mentioned in §6.2 have already been reviewed in Chapter 1 so I briefly summarize
them here, focusing on the role of prosodic structure in phoneme identification and the
role of segmental realization in prosodic disambiguation. Previous studies reviewed
in Chapter 1 have shown that the identification of a phoneme category is affected by
the computation of the prosodic context of the acoustic signal (Kim & Cho, 2013;
Steffman, 2019; Steffman et al., 2022) and the interpretation of the sentence is affected
by the acoustic realization of the segment within the prosodic context (Scott & Cutler,
1984; Mitterer et al., 2021; Choi & Mazuka, 2001, 2003; Yoo, 2020; Farinella & Lee,
2024). §6.2 also addresses the second research question and presents mixed results
in previous studies regarding whether listeners may be biased towards interpreting

/kiman/ + Verb as ‘Stop Verb-ing’ or ‘Start Verb-ing’. §6.3 presents the methods
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for the experiment. §6.4 presents the results. §6.5 discusses the results, limitations of

the current experiment, and future directions.

6.2 Background

The perception experiment in this chapter is motivated by production findings in
Seoul Korean presented in the previous chapters of this dissertation. In two corpus
studies, I have shown that prosodic structure in Seoul Korean is not just encoded
with changes in FO, but also via segmental realization when the syllable onset is a
lenis obstruent. In particular, Chapter 2 has shown that the acoustic realization of
lenis obstruents in Seoul Korean is prosodically conditioned, and lenis obstruents in
the initial position of a PW are always produced with a stronger acoustic realization
compared to ones in the medial position. Crucially, it has shown that voicing is only
one of the ways that the domain-initial strengthening (or equivalently, domain-medial
lenition) is acoustically implemented, and the ‘strength’ of an acoustic realization may
be measured in a higher-dimensional phonetic space, by measuring voicing, degree of
reduction, and duration. This result supports the idea that the acoustic realization
of lenis obstruents can serve as a reliable cue for listeners in identifying prosodic
boundaries.

Chapter 3 has shown the tonal cue, parameterized as the change in FO within a
disyllable window, may be less informative in signalling a prosodic boundary when
the second syllable onset is a lenis obstruent, compared to the segmental realization.
Following up on this result, Chapter 5 has additionally shown that in a pilot produc-
tion experiment, there is no measurable difference between two tonal contours that
may be prosodically transcribed as ‘L +H L+ Ha’ and ‘L Ha L. Ha’, when the third
syllable starts with a lenis obstruent. Instead, the difference between the two sen-
tences seems to be encoded by the realization of lenis obstruent, i.e., the change in the

intensity contour. Findings from these chapters suggest that Seoul Korean listeners
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may be more influenced by the realization of lenis obstruent than the FO contour when
decoding the acoustic signal into phonological representation, when the FO contours
of two prosodic structures are very similar and potentially nondistinguishable in the
acoustic signal (e.g., ‘L +H L+ Ha’ and ‘L. Ha L Ha’). However, it still remains to be
tested whether listeners are sensitive to a very small difference between the two FO
contours in perception.

As reviewed in Chapter 1, there are two experimental methods to test how listen-
ers decode an acoustic signal into a phonological representation containing prosodic
structure and phonemes: a post-boundary segment identification experiment and a
prosodic disambiguation experiment. In the following subsections, I will review these
methods focusing on the prosodic phrasing of Seoul Korean and how lenis and aspi-
rated contrast is maintained. Then, I will review previous findings relevant for the
second research question, i.e., whether listeners may be biased towards interpreting

/kiman/ + Verb as ‘Stop Verb-ing’ or ‘Start Verb-ing’.

6.2.1 Role of prosodic structure in phoneme identification

Previous perceptual experiments show that listeners categorize the same acoustic
stimuli as different phonemes depending on how they perceive the prosodic structure
(Kim & Cho, 2013; Steffman, 2019; Steffman et al., 2022). In Chapter 1, these
experiments have been called the ‘contrast-shift experiments’.

To repeat briefly, in a contrast-shift experiment, participants are presented with
a segment (e.g., a stop) manipulated along some phonetic dimension (e.g., VOT) and
aksed to make a phoneme category judgment, where the context before the segment is
manipulated such that in one condition the acoustic signal flags a prosodic boundary
while in the other condition, it does not. Participants generally show a significant shift
in their perceptual boundary, as a function of the post-segment acoustic manipulation.

If the acoustic manipulation signals a prosodic boundary, they in turn expect the
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post-boundary segment to be realized with the acoustic attributes of a domain-initial
segment (e.g., a longer VOT for a voiceless stop in English (Kim & Cho, 2013)).

In the context of the /kiman/ + Lenis/Aspirated verb used in the current study,
there are two conditions summarized in Table 6.1 for which listeners may perceive a

Lenis token as Aspirated, taking the Lexical reanalysis strategy.

Verb
ki man o o
(a) Tone L Ha H Ha
(b) Tone L +H L+ Ha
Table 6.1: Two conditions where listeners may misperceive a verb-initial strong lenis
as Aspirated

First, if the FO contour conveys the tonal sequence ‘L. Ha H Ha’ where the first
two tones are associated with /kiman/, and the verb-initial lenis token is realized as
strong (as in an AP-initial position from the kimang,,; sentence), it may be perceived
as aspirated, if there exists a lexical item that starts with an aspirated obstruent, as
shown in (a) in Table 6.1. This prediction is based on results of previous perception
studies that have shown Seoul Korean listeners pay attention to FO in distinguishing
lenis and aspirated, rather than VOT, in the AP-initial position (Lee, 2018; Choi
et al., 2020). The VOT merger of Lenis and Aspirated stops has likely taken place
completely in listeners’ grammars if they are born after year 1980 (Bang et al., 2018)
and the FO is likely to be the primary cue for lenis/aspirated contrast. In other
words, if a strong lenis obstruent which has a similar VOT to an aspirated obstruent
is presented with a high FO, listeners will perceive it as an aspirated obstruent.

Second, if the FO contour conveys the tonal sequence ‘L +H L+ Ha’ and the lenis
token is realized as strong, it may potentially be perceived as aspirated, if it makes
a word, as shown in (b) in Table 6.1. This prediction assumes that Seoul Korean
listeners pay attention to VOT in distinguishing lenis and aspirated, rather than FO,

in an AP-medial position (Lee, 2018; Choi et al., 2020), where the verb initial syllable,
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regardless of the laryngeal category of the verb-initial segment, bears the L+ tone.
Therefore, if listeners interpret the FO contour ‘L +H L+ Ha’ as indicating there is
no AP boundary after /kiman/, they might misperceive a strong lenis obstruent as

aspirated, as it is a viable option.

6.2.2 Role of segmental realization in prosodic disambiguation

Another way to test how listeners decode prosodic structure from the acoustic
signal is to conduct a ‘prosodic disambiguation’ experiment (Scott & Cutler, 1984;
Mitterer et al., 2021; Choi & Mazuka, 2001, 2003; Yoo, 2020; Yun & Lee, 2022;
Farinella & Lee, 2024). In a prosodic disambiguation experiment, listeners are tested
on their interpretation of a pair of syntactically ambiguous sentences that is prosodi-
cally disambiguated. The same sequence of words is presented with different acoustic
realizations that are manipulated to encode different prosodic structures. Multiple
acoustic manipulations may be crossed in the experimental design to test which part
of the acoustic signal is more influential for listeners’ decoding process. I will review
relevant studies focusing on the role of lenis obstruent realization in prosodic disam-
biguation (Choi & Mazuka, 2001, 2003; Yoo, 2020; Yun & Lee, 2022; Farinella & Lee,
2024).

First, Choi & Mazuka (2001) showed that when lenis stop was voiced while FO
indicated an AP boundary, listeners still interpreted the acoustic signal as having an
AP boundary 76% of the times (p.183). However, they did not test whether listeners
would perceive an AP boundary if lenis was voiceless while FO did not indicate an
AP boundary.

Yoo (2020) more recently tested the role of lenis stop realization when FO was
artificially monotonized. In Yoo’s prosodic disambiguation experiment, there was no
significant difference in listeners’ judgements between the condition where a voiceless

lenis stop was spliced into an AP-medial position and the condition where a voiced
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lenis stop was spliced into an AP-initial position. Both conditions affected partici-
pants’ interpretation of the sentence in the expected direction, but the degree that
they changed the interpretation did not differ significantly (p.238). However, the
stimuli in Yoo’s study was artificially monotonized for FO and therefore the results
may not reflect what listeners do in natural speech perception.

Yun & Lee (2022) tested how listeners disambiguated a syntactically ambiguous
question in Korean. As WH-words in Korean are homophonous with indefinite pro-
nouns (e.g., who and anyone), a WH-word followed by a verb may be ambiguous
between a WH question and a Yes-No question. Jun & Oh (1996) argued that the
two question types differed in prosodic phrasing of the WH-word and the subsequent
verb. In a Yes-No question, the two PWs are prosodically phrased separately into
two APs, whereas in a WH question, the two PWs are phrased together into a single
AP.

Yun & Lee (2022) argued that their results indicated that listeners interpreted
the mismatch between the FO contour and the expected realization of the verb-initial
segment differently, based on the prosodic context. In their experiment, verbs always
started with either a nasal or a lenis alveolar stop, both of which have AP-conditioned
acoustic realization: denasalized vs. nasal and voiceless vs. lenited. When the FO
contour of the utterance originally produced as a Yes-No question was manipulated
such that it did not signal an AP boundary (expected for a WH question) but the
segment did (expected for a Yes-No question), listeners’ likelihood of interpreting the
utterance as a Yes-No question decreased. In contrast, when the FO contour of the
utterance originally produced as a WH question was manipulated such that it did
signal an AP boundary (expected for a Yes-No question) but the segment did not
(expected for a WH question), listeners’ likelihood of interpreting the utterance as a

WH question did not change.
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Yun & Lee (2022) argued that the reason for the asymmetry between the role
of the post-WH L tone may be due to the asymmetry in how listeners interpret the
verb-initial segment in the prosodic context. They argued that their results meant
that the AP-initial realization of consonants does not necessarily create a percept of
an AP boundary, in the absence of an accompanying FO cue (i.e., no AP boundary in
an Yes-No question FO contour) while the AP-medial realization of consonants may
always create a percept of an absence of an AP boundary, even in the presence of
an accompanying FO cue (i.e., an AP boundary in an Yes-No question FO contour).
They further argued that this was expected given that lenis obstruents can optionally
remain voiceless in the AP-medial position, while ‘voicing in the AP-initial position
is strictly prohibited in Korean’ (p. 42). Their results are summarized in Table 6.2.
Rephrasing their arguments with the aforementioned decoding strategies, they argued
that a mismatch between an FO contour for a no-boundary ([4p ... +H L4 ... |) and
a segmental realization for a boundary (strong lenis) was resolved in factor of the
FO cues. In other words, listeners took the ‘F0 prioritization’ strategy. In contrast,
they argued that a mismatch between an FO contour for a boundary (Ha |ap| L)
and a segmental realization for a no-boundary (weak lenis) is prosodically reanalyzed
to indicate no-boundary (i.e., [ap ... +H L+ ... ]). Listeners took the ‘Segment

prioritization’ strategy in this condition.

... Ha ]Ap[ L .. [Ap ... +H L—|— ]
Strong Lenis Expected FO prioritized,
interpreted as [ap ... +H L+ ... |
Weak Lenis  Segment prioritized, Expected

interpreted as [4p ... +H L+ ... |

Table 6.2: Arguments made in Yun & Lee (2022) about the role of segmental realiza-
tion in prosodic disambiguation. The verb-initial segment, aligned with the L target
in bold (L or L+), was a lenis stop. Yun & Lee (2022) argued different decoding
strategies were taken, depending on the FO contour. When the FO contour signaled
an AP boundary (Ha |4p| L), listeners took the ‘Segment prioritization’ strategy,
while when the FO contour signaled no boundary ([4p ... +H L+ ... ]), listeners took
the ‘F0 prioritization’ strategy.
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Extending Yoo (2020) and Yun & Lee (2022), Farinella & Lee (2024) tested the
role of segmental realization in the prosodic disambiguation of the question type
ambiguity. Following Yoo (2020), they spliced the verb-initial syllable preceded by a
WH word to create conditions where the acoustic realization of the verb-initial lenis
obstruent mismatched with the encompassing FO contours. They cross-spliced the
weak realization of lenis obstruent from the AP medial (i.e., from a WH question)
into the AP initial token (i.e., a Yes-No question), and the strong realization of lenis
obstruent from the AP initial (i.e., from a Yes-No question) into the AP medial token
(i.e., a WH question). They also same-spliced the segments from one question type
into another instance of the same question type. They manipulated the stimuli such
that other phonetic properties, for instance the duration of the syllables, and the
tonal contours, were identical between the cross- and the same-spliced stimuli.

Following Yun & Lee (2022), they hypothesized that given the proposed option-
ality of lenis obstruent voicing in the AP-medial position, the voiceless realization
spliced from the AP-initial position (Yes-No question) and inserted into the AP-
medial position (WH question) would not cause any difference in the likelihood of
interpreting it as a WH question. On the contrary, the voiced realization spliced
from the AP-medial position (WH-question) and inserted into the AP-initial position
(Yes-No question) would create a mismatch between the tonal cues suggesting an AP
boundary and the segmental realization suggesting an absence of the AP boundary.
This mismatch would therefore result in a decreased likelihood of interpreting the
question as a Yes-No question.

Their hypotheses were only partially met by their results. They found that both
manipulations were effective in decreasing the likelihood of the parsing suggested by
the tonal cues. However, this prosodic reanalysis effect was much greater in the latter
manipulation (AP-medial segment reversing AP-initial FO contour), as expected in

their hypothesis.
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In the current experiment, the expected prosodic difference between the two mean-
ings of /kiman/ + Verb is similar to the prosodic difference between the two question
types. While the question types also differed in the boundary tone on the verb-final
syllable (H% for a Yes-No question and LH% for a WH question), the /kiman/ +
Verb construction avoids this confounding factor since the verb is not the IP-final
PW and it is followed by a context word /tfoh-kes*-ta/ (‘would be good’). Chapter 5
has shown that the prosodic difference between the two meanings is therefore limited

to the presence or absence of an AP boundary between the two PWs.

6.2.3 Listener bias toward a particular meaning given a sequence of words

When we interpret the result of a prosodic disambiguation experiment, we also
need to take into consideration that the acoustic signal to the prosodic structure
mapping constitutes only one of the steps involved in speech perception.

As discussed in Chapter 1, we assume that the acoustic implementation of the
prosodic structure can be optional and probabilistic (Jun, 1993; Arvaniti & Baltazani,
2005), and the mapping between the prosodic structure and the syntactic structure
can be a many-to-many function (e.g., Arvaniti, 2011; Im et al., 2023). In a prosodic
disambiguation experiment, listeners may be biased towards a particular interpreta-
tion of the sentence, regardless of the acoustic signal. For instance, Mitterer et al.
(2021) has taken into account in their analysis that listeners may be biased toward
a late closure reading compared to an early closure reading, of. a sentence with the
form ‘Nounl or Noun2 and Noun3’. Regardless of the acoustic signal, listeners were
more likely to interpret the sentence as having a late closure (i.e., (Noun 1 or Noun2)
and (Noun3)).

There may be a similar bias in the interpretation of any syntactically ambiguous
pair of sentences. In light of this bias, the results of Yun & Lee (2022) and Farinella &

Lee (2024) may be reinterpreted, if there is also a syntactic difference between the two
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types of questions, and there is a bias toward understanding the word sequence ‘WH-
word + Verb’ as a WH question, regardless the acoustic signal. Yun & Lee (2022)
in fact reported that their base conditions that model natural FO contours of each
question type were interpreted asymmetrically. While the base condition for a WH
question was interpreted as a WH question by their participants 99% of the times, the
one for a Yes-No question was interpreted as a Yes-No question by their participants
90% of the times. This bias toward understanding a question as a WH question might
have played a role in how the segment mismatch was processed asymmetrically by
the participants in these experiments. In both experiments (Yun & Lee (2022) and
Farinella & Lee (2024)), listeners seemed to favor interpreting an ambiguous question
as a WH question.

We may be able to reinterpret Yun & Lee (2022)’s findings based on the possibility
that listeners are overall biased toward understanding the word sequence ‘WH-word
+ Verb’ as a WH question. In their experiment, both when a boundary FO cue (i.e.,
Ha|sp|L) was mismatched with a no-boundary realization of lenis stop (i.e., weak
lenis) and when a no-boundary FO cue (i.e., [ap ... +H L+ ... ]|) was mismatched
with a boundary realization of lenis stop (i.e., strong lenis), listeners were consistently
more likely to interpret the sentence as a WH question. Therefore, their results may
not necessarily indicate that listeners took different decoding strategies depending on
the FO contour, as they argued.

In the current perception experiment, the second research question asks whether
there is a bias for interpreting /kiman/ + Verb as meaning ‘Stop Verbing’. We may
find a source of this bias from corpus investigations that count the number of times
/kiman/ is used with the meaning of ‘stop’ or ‘start’. These counts, expressed as
probabilities, would indicate the prior probability that the word /kiman/ is used
with a particular meaning, regardless of the acoustic signal. There are two relevant

corpus investigations: Gim (2004) and Tan (2023).
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The last row of Table 4.1 in §4.2.2 is repeated in Table 6.3. Note that the per-
centages do not add up to 100% as there were 35 tokens of /kiman/ whose meaning
was not identifiable from the context. Table 6.3 also contains more recent results
reported in Tan (2023). Tan (2023) combined the occurences of /kiman/ collected
from various text corpora. Tan reported that there were over 100,000 occurences of
the word /kiman/, and due to practical limitations, only investigated a randomly se-
lected subset of the data which contained 581 occurrences of /kiman/. In this subset,

/kiman/ meant ‘stop’ 417 times (71.77%) and meant ‘start’ 164 times (28.23%).

Source Stop meaning Start meaning Total occurrences
Gim (2004) 206 (18.48%) 874 (78.39%) 1115
Tan (2023) 417 (7TL77%) 164 (28.23%) 581
Table 6.3: Counts of /kiman/ with two meanings identified from corpora in Gim
(2004) and Tan (2023)

The two corpus investigations are strikingly different as the proportions of ‘stop’
and ‘start’ meanings of /kiman/ are almost the opposite in the two studies. The
source of this difference in the distribution of meanings is unclear because Tan (2023)
did not report how the subset was sampled from the larger data. Since two sources
report conflicting results, it is unclear whether Korean speakers may prefer to interpret
/kiman/ as ‘stop’ or ‘start’, for the ambiguous sequence /kiman/ + Verb. Without
further evidence, the only possible way to interpret the corpus results in these studies
may be to conclude that Korean speakers do seem to use /kiman/ in more than one
way, as 18.48% in Gim (2004) and 28.23% in Tan (2023) are both notably higher than
0%. The second research question of this chapter tests whether there is an overall

bias toward interpreting /kiman/ + Verb as ‘Stop Verbing’ or ‘Start Verbing’.
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6.3 Methods
Previous results reviewed in §6.2 motivates a perception experiment with a 3X2X2
design. The audio files recorded and investigated for Chapter 5 were manipulated to

be used as stimuli for the current perception experiment.

FO Verb initial seg. Minimal pair
L Ha L Ha (HaL) Strong Available (Asp)
L +H L+ Ha (hl) Weak Unavailable (*Asp)

L Ha H Ha (HaH)
Table 6.4: Experimental conditions

I tested three FO contours: L +H L+ Ha, L Ha L Ha, and L. Ha H Ha, which are
intended to signal ‘Stop Lenis-Verbing’ (e.g., /pul/ ‘to blow’), ‘Start Lenis/Aspirated
Verbing’, and ‘Start Aspirated-Verbing’ (e.g., /p™ul/ ‘to solve’), respectively. These
FO contours were crossed with two segmental realization of lenis obstruents in the
verb-initial position. The verb-initial syllable with a lenis obstruent onset was spliced
from an utterance spoken with the meaning of ‘Start Verbing’ or ‘Stop Verbing’.
The acoustic characteristics of the verb-initial lenis obstruent in these two utterance
meanings are discussed in detail in Chapter 5. The segmental realization was either
same-spliced or cross-spliced, such that audio files in the experimental conditions are
all manipulated. Finally, I chose the stimuli verbs such that some verbs had a minimal
pair with an Aspirated obstruent verb-initially (e.g., /pul/ (‘to blow’) or /pPul/ (‘to
solve’)), while others did not (e.g., /po/ (‘to see’) or */pPo/) This was expected to play
a role in listeners decoding of the acoustic signal as the lexical reanalysis would only
be possible for when there was a lexical item available. As a result, there are twelve
experimental lists: 3 FO contours, 2 segmental realizations, and 2 lexical conditions.
Table 6.4 summarizes this. The abbreviations in the parentheses will be used to refer

to these conditions (e.g., ‘Hal)’, instead of ‘L. Ha L Ha’).
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6.3.1 Items

From the list of verb items selected for Chapter 5, 12 Lenis verbs (a verb starting
with a Lenis obstruent) were chosen for the Asp condition (minimal pair exists for
an Aspirated obstruent verb-initially) and 12 were chosen for the *Asp condition
(minimal pair does not exist). As explained in Chapter 5, the verb stems were either
monosyllabic or disyllabic. The verbs in Asp and *Asp conditions were chosen such
that the number of verbs for each stem-length were evenly divided. The full list of
chosen verbs and their meanings are given in Appendix A: List of verbs.

For the *Asp condition, the Lenis verbs were matched with a verb starting with
a nasal stop (/m/ or /n/) or a vowel with the same syllable length of the Lenis verb
(e.g., /po/ (‘to see’) vs. /mil/ (‘to push’)). These Aspirated minimal pairs in the
Asp condition and the matched lexical items in the *Asp condition were used as an
alternative choice for the lexical question (‘which verb did you hear?’). These will be
referred to as lexical alternatives.

The lexical alternatives in the *Asp condition could not be minimal pairs of the
Lenis verbs because there were no lexical items available in Korean lexicon. Also,
making a minimal pair is not possible due to phonotactic reasons because while some
lenis verbs in the *Asp condition had a velar place of articulation (e.g., /ka/ ‘to go’),

/1/ cannot be a syllable onset (*/na/).

6.3.2 Participants

A total of 24 Korean speakers were recruited for this experiment, by word of
mouth, and from posts made on online communities. The experiment was IRB ap-
proved at UMass Ambherst.

Participants were paid at a rate of 6 (or 8700 Korean Won) US dollars per 30

minutes of their participation. They typically used 30 minutes to complete the ex-
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periment. If they took longer or shorter than 30 minutes, they were paid according
to the rate which was explained at the beginning of the experiment.

Participants were asked where they were born and where they currently live in.
Three of them were neither born, nor currently live in Seoul or cities nearby Seoul.
They were nonetheless kept in the analysis because they did not differ systematically
from the rest of the participants. Since Seoul Korean is a standard dialect used in
South Korea, most listeners are familiar with the dialect either from media or from
people in their speech community.

The small number of participants and the potential confound of recruiting non-
Seoul Korean speakers are both notable limitations of the current experiment, which

needs to be addressed in a follow-up experiment in the future.

6.3.3 Procedure

Participants were instructed to use headphones and they did a standard audio
test, where they were instructed to choose the quietest sound out of three beeps. All
participants passed the audio test.

At the very beginning of the experiment, participants were given the instruction
that they would respond to the sentence ‘kiman _ tfoh-kes*-ta/’ (‘It would be
great if you could start/stop __ 7). They were explained with examples that the
sentence was ambiguous between ‘Start Verbing’ and ‘Stop Verbing’. They were
however not informed that what disambiguated the meaning was prosody.

The experiment had two task types: a lexical decision task and a sentence com-
prehension task. Before each task, participants had four practice trials, where the
audio was not manipulated, and they were given the correct answer for the question.
For the experimental trials, participants were not given any feedback.

In the lexical decision blocks, only the lexical question was asked for each stimuli.

The instruction said ‘Listen to the audio and choose the word you heard in the
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position of the blank’. The sentence on the screen was always ‘kiman _ tfoh-kes*-
ta/’. Two lexical choices appeared in the bottom of the sentence. Lenis verb was
always on the left and the lexical alternative was on the right.

In the sentence comprehension blocks, the sentence question was asked for each
stimuli. The instruction for the sentence question said ‘Listen to the audio and choose
the action that the speaker wants’. The sentence on the screen was the same as that
for the lexical question: ‘kiman __ tfoh-kes*-ta/’. The verb was left blank because
for the experimental stimuli, which word was said was also what participants were
tested on in the lexical part. The two choices were: ‘It is time to proceed with the
action” and ‘Discontinue it because it is enough’. If the participants chose the former
option, they interpreted the sentence as meaning ‘Start Verbing’ and if they chose
the latter, they interpreted it as ‘Stop Verbing’.

There were four blocks for each task type and participants were able to take a
self-paced rest between blocks. Each block consisted of 12 experimental trials (12
experimental lists) and 20 filler trials. Since there were 12 lexical items chosen for
each lexical condition, the same verbs were used in two blocks, once with a strong
realization and once with a weak realization. Ideally, each block would have different
list of verb items to counterbalance the effect of lexical items, but there were not
enough mono/disyllabic verb in Korean lexicon to populate the experimental lists
and the number of blocks. Out of 20 filler trials, 12 trials where the audio contained
the lexical alternatives. 8 trials contained lexical items that were not the lexical alter-
natives of the experimental trials. The filler trials were not manipulated acoustically,
and therefore could show whether listeners were able to distinguish the two sentence
meanings. 12 Verbs (6 Asp and 6 *Asp) were assigned to 6 experimental groups
which were counterbalanced using a Latin square design. The order of blocks were
also varied by Participant to take into consideration a potential block order effect.

Each block had 32 trials and there were 8 (four lexical and four sentence) blocks,
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resulting in 256 trials in total. As mentioned, the whole experiment typically took 30

minutes to complete.

6.3.4 Acoustic manipulations

This section describes how the audio stimuli were manipulated. Figure 6.1 show
what a typical pair of waveforms looked like for the two meanings of /kiman/. The
verb in the example was /pomjon/ (‘see-COND’). To control for the potential con-
found of the context word, all stimuli contained the same token of /tfoh-kes*-ta/

spliced from one of the recordings.

L
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Time (S)

meaning — start — stop

Figure 6.1: Original wav files for /kiman/ 4+ /pomjon/ (‘see’). The first four intervals
correspond to the four syllables: ki.man.po.mjon, and the last interval is the context

word tfoh-kes*-ta.

6.3.4.1 Duration normalization
Experimental stimuli were manipulated to match in the syllable duration because
syllable durations differed by sentence meaning, as discussed in Chapter 5. The result

of duration normalization looked like Figure 6.2. Each interval was either shrunk or
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elongated by manipulating the Duration tier in Praat (Boersma & Weenink, 2023).
The duration measures for /kiman/ were matched to be the average durations for
/ki/ and /man/ across stimuli and meanings, which were 100 ms and 215 ms. The
verb-final syllable /mjon/ also had a fixed duration for all experimental stimuli: 220
ms after a monosyllabic verb stem and 203 ms for a disyllabic verb stem, which were
average values for the duration of /mjon/ for each verb stem length, across the two
meanings. The syllables in the verb stem were adjusted to match the average duration

of the two sentence meanings, and therefore varied by each verb stem.
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Time (S)

meaning — start — stop

Figure 6.2: Duration normalized version of audio files in Figure 6.1

6.3.4.2 Splicing and FO manipulation

The verb-initial syllable was spliced to create the mismatch between the FO con-
tour and the segmental realization. For the unconventional ‘L. Ha H Ha’ contour for
Lenis verbs, the same matching audio files were used: Strong realization spliced into
an audio originally produced as ‘Start Verbing’, and Weak realization spliced into an

audio originally produced as ‘Stop Verbing’.
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Figure 6.3: Demonstration of how splicing was done on the waveforms of Figure 6.2
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Figure 6.4: Pitch tiers inserted into the waveforms in Figure 6.2
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The resulting waveforms for 6 experimental conditions looked like the ones in
Figure 6.3. The column headers of Figure 6.3 show the difference between the verb
initial syllable (the third interval), and the row headers show the FO contours that
were inserted for each waveform. FO0 contours always matched with the amplitude
of the syllables surrounding the verb-initial syllable. For instance, the ‘L. +H L+
Ha’ contour was never inserted into an audio originally produced as ‘Start Verbing’
(Dark grey), and likewise the ‘L. Ha L. Ha’ contour was never inserted into an audio
originally produced as ‘Stop Verbing’ (Orange).

FO contours were defined using an FPCA analysis, which was explained in Chap-
ter 5. Since FO contours did not differ significantly as a function of sentence meaning
when the verb onset was a Lenis obstruent, FO contours of L-initial filler verbs (nasal
or vowel initial) were modeled with FPCA, separately for monosyllabic and disyllabic
verbs. FO contours were defined by reconstructing the FO contour with the iden-
tified first PC, and each FO contour was generated with 100 points in normalized
time and fixed across verb items with the same stem length. The two FO contours
were significantly different, i.e., their PC1 were significantly different by the sentence
meaning. To maximize the difference, given the variance in the data, the lower and
upper ends of the 95% confidence intervals for PC1 for each sentence meaning was
used to reconstruct the two FO contours: Hal. and hl. Finally, the HaH FO contour
was parameterized using the FPCA modeled for Aspirated verbs.

One hundred points in normalized time were inserted into the PitchTier in Praat
for each duration normalized verb items. The audio was then resynthesized using the
Praat function ‘Get resynthesis (overlap-add)’. Figure 6.4 plots the FO contours that
were resynthesized together with the six waveforms of the verb /pomjon/ plotted in

Figure 6.3.
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6.4 Results

This section reports the results of the experiment. The main research question
that the experiment is designed to test is how listeners interpret the mismatch be-
tween the FO contour and the segmental realization of the verb-initial lenis obstruent.
As for the first question, three possible strategies were proposed in §6.1 to resolve
the mismatch: ‘FO prioritization’, ‘Segment prioritization’, and ‘Lexical reanalysis’.
If participants choose a lexical alternative, especially in Asp condition, it would in-
dicate that they have made a lexical reanalysis decision. If participants differ by the
segmental realization or a particular FO contour in interpreting the utterance as ‘Start
Verbing’, it may indicate that they have made a decision based on the segmental re-
alization, or the FO contour. In addition, a secondary question that the experiment
is designed to investigate is whether there is a bias toward interpreting /kiman/ +
Verb as ‘Stop Verbing’ or ‘Start Verbing’, which has been left unresolved in previous
corpus investigations, as discussed in §6.2.3.

The result of the experiment had 2304 trials (24 participants * 12 trials * 8 blocks).
Participants took longer time in general to respond to a sentence question, but any
trial that took longer than 10 seconds were excluded. Any trial that took less than
10 ms were also excluded as it was clear that they were not reacting to the question,

but possibly misclicked the keyboard.

6.4.1 Part 1: Lexical identification

The results of Part 1 Lexical identification question are presented in Figure 6.5.
As a reminder, these were participants’ responses to the question ‘which verb did you
hear in the blank?’. Panels are divided by three FO conditions (hl, Hal., and HaH)
and two lexical conditions (Asp and *Asp). In each panel, the bars show the average

proportion of Lenis response for each of the segmental conditions (Weak and Strong).
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Figure 6.5: Result for the lexical question

As Figure 6.5 shows, participants almost always chose ‘Lenis’” as the answer for all
conditions, except when the FO contour was ‘L. Ha H Ha’ and the segmental realization
was ‘Strong’, and the verb had a minimal pair starting with an Aspirated obstruent.
Since it was a binary forced choice question, this means that they perceived Lenis
obstruent as Aspirated in this condition.

While it was predicted that participants might perceive Lenis as Aspirated also in
‘hl, Strong, Asp’ condition (the right bar of the leftmost top panel), they nearly cate-
gorically selected ‘Lenis’ as response. This will be discussed further in the discussion

in §6.5.

6.4.2 Part 2: Sentence interpretation
The results of Part 2 Sentence interpretation question are presented in Figure 6.6.
As a reminder, these were participants’ responses to the question ‘Choose the action

that the speaker wants’. The two possible responses were ‘It is time to proceed with
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the action’ and ‘Discontinue it because it is enough’. Panels are divided in the same
way as in Figure 6.5. In each panel, the bars show the average proportion of ‘Start’

response for each of the segmental conditions (Weak and Strong).
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Figure 6.6: Result for the sentence question

While the bar heights differed by panels, there is a notable pattern consistent
across panels. Except for the ‘HaL, *Asp’ panel, participants answered ‘Start’ more
often when the Lenis obstruent was strong, compared to when it was weak.

It is also clear that even the highest bar (HaL, Strong, Asp) only reached slightly
above 0.4, meaning participants were biased strongly towards selecting ‘Stop’ as a

response.

6.4.3 Statistical analysis
To further test the effects of FO, Lexical, and Segmental conditions on the sentence
interpretation, a mixed effects logistic regression model was fitted. The model was

fitted using the ‘lme4’ pakage in R (Bates et al., 2015). The p-value were calculated
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using the ‘lmerTest’ package (Kuznetsova et al., 2017). T used an alpha level of .05
for all statistical tests.

Lexical and segmental conditions were sum-coded and FO conditions were coded
with two theoretically-guided Helmert contrasts: one to test the difference between
‘L +H L+ Ha’ and the two FO contours with an AP boundary (‘L Ha L. Ha’ and ‘L
Ha H Ha’), the other to test the difference between the latter two FO contours. The

contrast codings of predictors are summarized in (3).

(3)  Contrast coding of predictors

a. Lexical condition: Lex
+1/2 (*Asp), -1/2 (Asp)
b. Segmental condition: Seg
+1/2 (Strong), -1/2(Weak)
c. FO condition: FO
(i)  No boundary vs. Boundary
+2/3 (hl), -1/3 (HaL), -1/3 (HaH)
(ii) Conventional vs. unconventional

+1/2 (HaL), -1/2 (HaH)

In the model, these three predictors were included with all possible interaction terms
(i.e., Lex*SegxF0). The response variable isStart was a binary variable with a value
of 1 if participant’s response was ‘Start’ and otherwise 0.

A list of mixed effects logistic regression models that varied in the complexity of
random effects were fitted with the formulas in (4). Participant and Verb were in-
cluded to code individual-specific and item-specific differences, ExperimentalGroup
was included to code random variation due to the mapping of verb items to experi-
mental conditions, stem length was included to code the variation due to the verb

stem being mono or disyllabic in length. Despite having a small number of levels,
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stem length was included in the random structure rather than a fixed effect, as it
was not part of the experimental design that was manipulated. I present a version of
the model with stem length as a fixed effect in Appendix B: Alternative model. The
results of this alternative model do not seem to differ in any meaningful way from the

main model results.

(4)  Random effect structures tested for model

a. 1isStart ~ Lex*FO*Seg
+ (1|Participant) + (1|Verb)
+ (1|ExperimentalGroup) + (1|Stem length)
b. isStart ~ Lex*F0xSeg
+ (1|Participant) + (1|Verb)
+ (1|ExperimentalGroup)
c. 1isStart ~ Lex*FO*Seg
+ (1|Participant) + (1|Verb)
d. 1isStart ~ Lex*F0*Seg

+ (1|Participant)

Model AIC BIC Log-likelihood p value
(4a) 1295.7 1376.3 -631.86

(4b)  1293.7 1369.3 -631.86 1
(4c) 12919 13624 -631.94 0.70
(4d)  1305.2 1370.7 -639.60 p < 0.001

Table 6.5: Results of likelihood ratio test analyses between each pair of adjacent
models in (4). The selected model was (4c).

Each subsequent model was a version of the previous model with one less random
effect term. The order of dropping the random effect term was decided based on
the size of the variance explained by each random effect in the first model in (4a).
For each pair of adjacent models, the effect of dropping a random intercept term

was tested by performing a likelihood ratio test between the original and the simpler
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version. Table 6.5 summarizes the results of these analyses. The p value column
shows whether the model fit significantly changed by dropping a random effect term.
If it did not, then it was deemed that the term that was dropped was not justified by
the variation in the data.

Only the difference between the model in (4c) and (4d) was significant, meaning
there was a significant effect of including the item-specific random variation in the
model fit. Consequently, the model in (4c) was selected. I report the result of the
model in (4c) in Table 6.6.

Dependent variable:

isStart
Coefficient (Standard Error)
(Intercept) —1.079*** (0.188)
Seg (+ Strong) 0.798*** (0.144)
Lex (+ *Asp) —0.231 (0.233)
FO
+ hlvs. - Hal, HaH —0.149 (0.154)
+ Hal. vs. - HaH —0.250 (0.174)
Interactions
Lex : hl vs. Hal, HaH —0.369 (0.307)
Lex : Hal vs. HaH 0.052 (0.348)
Lex : Seg —0.302 (0.286)
Seg : hl vs. Hal., HaH 0.101 (0.306)
Seg : HaL vs. HaH 0.121 (0.347)
Lex : Seg : hl vs. Hal.,, HaH  1.205** (0.613)
Lex : Seg : Hal vs. HaH —1.853** (0.695)
Random effects
Groups: Variance (Standard Deviation)
Verb: (Intercept) 0.2023 (0.4498)
Participant: (Intercept) 0.5030 (0.7092)
Observations 1,137
Log Likelihood —631.937
Akaike Inf. Crit. 1,291.873
Bayesian Inf. Crit. 1,362.379
Note: p<0.1; *p<0.05; **p<0.01

Table 6.6: Result of Model in (4c).
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The model indicated that only three effects are significant: the intercept, the
strong realization of verb-initial lenis obstruent, and the three-way interactions of the
predictors.

The significance of the intercept with a negative coefficient suggests that partic-
ipants were strongly biased against responding with ‘Start’. The significance of the
term Seg with a positive coeflicient suggests that the likelihood of responding with
‘Start’ increased when the Lenis realization was Strong. Importantly, there was no
effect of FO manipulation, nor the interaction between FO and Segmental manipu-
lations, which strongly suggest that participants either did not perceive or did not
make use of the difference between the FO manipulations, which were again statisti-
cally different in the production experiment (Chapter 5) and even maximized to the
extent that was allowed by the variation of the data in the creation of stimuli. This
indicates that participants prioritized the segmental realization over the FO contour

in interpreting the utterance as ‘Start Verbing’ or ‘Stop Verbing’.

Model predicted probabilities
Asp starAsp

=
o
<

0.75-

0:25- ﬁ * ﬁ j H ﬁ

0.00-

% of Start Verb—ing response

seg -+ \Weak - Strong

Figure 6.7: Three-way interaction of Lex:F0:Seg from the model, on a percentage
scale.
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The significance of the three-way interactions are easier to interpret with Fig-
ure 6.7 plotting the marginal effects for model terms on the percentage scale. The
interaction plot was made with the ‘plot_model’ function available in the sjPlot
pakcage (Liidecke, 2023). The whiskers show the 95% confidence intervals. The
three-way interactions were significant because the effect of Seg was not significant

only in the “*Asp, Hal.’ condition, as we’ve previously seen also in Figure 6.6.

6.5 Discussion

This section discusses the findings of the experiment. §6.5.1 provides a summary
of results, and discusses limitations of the current experiment and future directions.
§6.5.2 discusses the finding that there is a bias toward interpreting /kiman,/ + Verb

as meaning ‘Stop Verbing’.

6.5.1 Summary of findings

There were two main findings in the current study. First, a lenis obstruent token
with a rising FO contour (‘L. Ha H Ha’) was categorically perceived as an Aspirated
obstruent. Second, a strong realization of lenis obstruent increased the likelihood of
interpreting the utterance as meaning ‘Start Verb-ing’.

The findings suggest that FO contours were not the primary phonetic correlate,
at least in the context of the /kiman/ + Verb construction under investigation: a
disyllable PW (kiman) followed by another disyllable (or trisyllable when the verb
stem was disyllabic), with the second PW starting with a lenis/aspirated obstruent.
Instead, listeners only used the segmental realization to differentiate the prosodic
structures (i.e., Segment prioritization). This supports the findings of Chapter 3 and
Chapter 5, which reported that AP phrasing is acoustically implemented primarily

as variation in the realization of lenis obstruents, rather than via the FO contour.
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Alternatively, it is still possible that listeners may not have perceived the difference
between the FO contours, despite the effort of maximizing the difference. In the future,
there needs to be a follow-up production experiment testing whether the FO contours
are different in a larger number of participants, and a perception experiment testing
whether the differenece of FO contours is perceivable.

An unexpected finding was that the Strong Lenis obstruent was only perceived
as Aspirated when the FO was rising from the end of /kiman/, though it was also
hypothesized that at least some of the times, it could be perceived as Aspirated,
when the FO contour mismatched with the strong realization. This could be due
to the design of the experiment where listeners were asked to pay attention to the
verb, whose position was always fixed. This could have made listeners to discard any
contextual information about the encompassing FO contour, but only focus on the
realization of the verb itself. Also, while I hypothesized that the decoding of acoustic
signal results in a phonological representation containing both the prosodic structure
and the segments therein, the experiment tested these two computations separately.
A future experiment could have a quaternary forced choice design, where listeners are
given all four options: Start/Stop lenis/aspirated. More online experimental methods,
such as eye-tracking, may be used to test the effect of prosodic structure in real-time
processing of acoustic signal, as in Kim et al. (2018).

Another unexpected finding was that listeners did not differ in their response as
a function of the segmental realization when the FO contour was ‘L Ha L. Ha’, only
in the *Asp condition. This was in fact the condition where listeners were predicted
to choose ‘Start’ response most frequently because the segmental realization was
expected given the FO contour. I leave for future studies to explore whether this is a

real effect, or a random noise in the current experiment.
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6.5.2 Bias toward ‘Stop Verbing’ interpretation

Finally, there seemed to be an overall bias toward understanding /kiman/ + Verb
as meaning ‘Stop Verb-ing’. This is in line with the findings of Tan (2023), rather
than Gim (2004).

The bias toward the ‘Stop Verb-ing’ interpretation seems similar to the bias ob-
served in the interpretation of syntactically ambiguous questions in Korean (Jun &
Oh, 1996; Yun & Lee, 2022; Farinella & Lee, 2024), which was discussed in §6.2.3. In
both ambiguities, listeners showed a bias toward the interpretation that is compatible
with a prosodic phrasing where the ambiguous PW (/kiman/ or WH-words) and the
following verb are prosodically phrased together (e.g., Stop Verb-ing, WH question).

In order to further investigate the bias, there needs to be a study that investigates
what derives the difference in prosodic phrasing between two question types. In the
case of /kiman/ + Verb, I have argued in Chapter 4 that the difference in prosodic
phrasing is due to the difference in the information structure. It is possible that the
same explanation may be applied to the WH-questions, but it is also possible that the
difference in prosodic phrasing is due to other factors, such as the syntactic structure
of the two question types.

It is worth noting that in Japanese, WH-words are argued to be so-called ‘focus-
bearing items’, which inherently bear contrastive focus (e.g., Ishihara, 2002; Ya-
mashita, 2008). It has been argued that this inherent focus-bearing property of
WH-words causes following PWs to be deaccented in Japanese (e.g., Ishihara, 2002;
Yamashita, 2008). It is possible that the same may be true for Korean WH-words
and /kiman/, which would explain why they are prosodically phrased together with
the following verb.

In both WH/Yes-no questions and /kiman/ + Verb, the ambiguous word (WH-
word or /kiman/) has two meanings: one where the word is a focus-bearing item and

the other where it is not. When they are interpreted as focus-bearing, the WH-word
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+ Verb construction is interpreted as a WH-question, rather than a Yes-no question,
and /kiman/ + Verb is interpreted as ‘Stop Verbing’, rather than ‘Start Verbing’. Put
this way, the bias toward WH-question and ‘Stop Verbing’ interpretations may be due
to a general tendency to interpret an ambiguous word (/kiman,/ or WH-word) with a
focus-bearing meaning. It remains to be investigated how this general tendency may

arise in the grammar.
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6.6 Appendix A: List of verbs

Verb (meaning)

Lexical alternative (meaning)

Lexical condition

po (see) mil (push) *Asp
te (touch) nal (fly) *Asp
tol (turn) mol (drive) *Asp
ka (go) al (get to know) *Asp
tfol (doze) nol (play) *Asp
pewu (learn) moti (gather) *Asp
pui (pour) muri (delay) *Asp
pori (throw away) milli (get pushed) *Asp
tami (put in) nami (stay) *Asp
tani (commute) nalli (blow away) *Asp
kari (cover) alli (inform) *Asp
tfaca (grow) olli (put up) *Asp
pul (blow) phul (solve) Asp
ki (crawl) kUi (turn on) Asp
piwu (empty) ptiwu (light up) Asp
tewu (heat) thewu (burn) Asp
ffiwu (erase) thiwu (get rid of) Asp
pi (get cut) p"i (unfold) Asp
ke (fold) ke (dig up) Asp
tfa (sleep) tha (kick) Asp
puri (call) puri (become green) Asp
tfici (raise) tlici (host an event) Asp

tfewu (put someone to sleep) tfewu (fill up) Asp

Table 6.7: List of verbs
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6.7 Appendix B: Alternative model

Dependent variable:

isStart
Lex+starAsp —0.213 (0.230)
FOLLHaL —0.149 (0.154)
FOHaL.Hall —0.249 (0.174)
Seg + Strong 0.800%** (0.144)
stem.length-+Di —0.207 (0.230)
Lex+starAsp:FOhl.HaLL —0.374 (0.308)
Lex+starAsp:FOHal..HaH 0.054 (0.349)
Lex-+starAsp:Seg-+Strong —0.294 (0.288)
FOhl.Hal.:Seg+Strong 0.101 (0.306)
FOHaL.HaH:Seg+Strong 0.120 (0.347)
FOhl.HaL:stem.length+Di 0.062 (0.304)
FOHaL.HaH:stem.length+Di —0.047 (0.346)
Seg+Strong:stem.length-+Di —0.105 (0.285)
Lex-+starAsp:FOhl.HaL::Seg+Strong 1.207** (0.613)
Lex+starAsp:FOHaL.HaH:Seg+Strong —1.858*** (0.695)
Constant —1.070"* (0.187)
Observations 1,137
Log Likelihood —631.413
Akaike Inf. Crit. 1,298.826
Bayesian Inf. Crit. 1,389.477
Note: p<0.1; **p<0.05; **p<0.01

Table 6.8: An alternative model with stem.length as a fixed effect. The results do
not differ in any meaningful way from the main model results presented in Table 6.6.
The only significant effect is the segmental realization, and the interaction terms
involving Seg.
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CHAPTER 7
CONCLUSION

This chapter concludes the dissertation. In §7.1, I summarize the main findings
and discuss future directions for research on phonetic correlates of prosodic structure.
In §7.2, T discuss another line of future research, focusing on the syntax-prosody

mapping in Seoul Korean.

7.1 Summary of findings

In this dissertation, I investigated the role of segmental realization in signaling
prosodic structure, focusing on the realization of lenis and aspirated obstruents in
Seoul Korean.

I provided empirical evidence that could challenge two existing claims about how
prosodic structure is acoustically implemented in Seoul Korean. These two claims are
as follows. First, while lenis obstruents are known to be realized differently depending
on the prosodic context, they have also been reported to be only optionally affected
by the prosodic context (Jun, 1993, 1994; Han, 2000). Second, the optionality of
segmental realization has been one of the reasons why prosodic constituents have
been primarily identified and defined based on FO contours in previous studies (Jun,
1993, 2000). It has been claimed that segmental processes are not as reliable as F0
contours in signaling prosodic structure, and hence they are expected to play a smaller
role than FO cues in speech perception as well (Jun, 1994; Arvaniti & Baltazani, 2005).

This dissertation presents findings that suggest that there may be a greater role

for segmental realization in signaling prosodic structure than previously thought.
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In Chapter 2, I investigated how lenis obstruents are realized in PW-medial po-
sition in spontaneous speech, using a corpus of Seoul Korean (Yun et al., 2015).
I found that the realization of lenis obstruents was systematically affected by the
prosodic context. While there were fully voiceless lenis obstruents in the PW-medial
position, these exceptional tokens were nonetheless found to be more reduced and
shorter than fully voiceless lenis obstruents in the PW-initial position.

In Chapter 3, I presented empirical evidence from the same spontaneous speech
corpus (Yun et al., 2015) that the AP boundary before a PW starting with a lenis ob-
struent was more reliably signaled via a change in intensity (i.e., phonetic reduction),
than via the FO contour (i.e., tonal fall). This finding runs counter to the assumption
that prosodic structure is primarily signaled via the FO contours (Jun, 1993, 2000),
and that segmental realization is only optionally affected by prosodic structure (Jun,
1994). This finding was also replicated in Chapter 5 with a production experiment.

Unlike for lenis obstruents, I found that the AP boundary before a PW starting
with an aspirated obstruent is more reliably signaled via a change in the FO contour,
rather than via a change in intensity. This shows that the primary phonetic correlate
of prosodic structure can differ by the segment type. Therefore, the acoustic signal
produced by speakers simultaneously contains information about prosodic structure
that is conditioned on segmental identity and vice versa in Seoul Korean.

In these investigations, I used a data-driven approach to identify the phonetic cor-
relate of prosodic structure, rather than relying on prosodic transcription. In Chap-
ter 3, I used an unsupervised clustering method to identify the number of prosodic
categories justified by the variation in the acoustic data. In Chapter 5, I used Func-
tional Principal Component Analysis (FPCA) to identify the shape components of FO
and intensity contours that are affected by prosodic structure. These unsupervised
methods allowed for a more objective analysis of the data, revealing the fact that FO

contours may not always be the most reliable cue for prosodic structure. These meth-
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ods are potentially useful in further investigations of phonetic correlates of prosodic
structure in other languages as well, as they do not require costly manual prosodic
transcription. They also open up new possibilities to investigate prosodic structure
in large speech corpora that are not prosodically transcribed. Making it possible to
study prosody in already existing large corpora allows us to investigate how prosodic
structure is acoustically implemented across a larger diversity of languages with more
power. This increased power can also make it possible to study how individuals may
vary in their use of prosodic cues. In particular, it might be interesting to see whether
intensity is a reliable correlate of prosodic phrasing in other languages as well, as in-
tensity has been relatively understudied compared to FO and duration (cf. Harris &
Urua, 2001; Kingston, 2008; Ennever et al., 2017; Katz, 2016; Katz & Pitzanti, 2019;
Wagner & McAuliffe, 2019).

Finally, the findings that the realization of lenis obstruent is a reliable cue for
prosodic structure were supported by the results of a perception experiment in Chap-
ter 6. The results suggested that listeners were more affected by the segmental real-
ization of lenis obstruents than by FO contours in making decisions about prosodic
structure. The results of the perception experiment also call for further investigation
of how listeners may be biased towards interpreting an ambiguous sequence of words

as having one prosodic structure over another.

7.2 Future directions in the research on syntax-prosody map-

ping in Seoul Korean
This dissertation also investigated how multiple prosodic phrasings may be ac-
ceptable for a given syntactic structure in Seoul Korean. In Chapter 4, I presented
a MaxEnt analysis (Goldwater & Johnson, 2003) to account for empirically observed

variation in prosodic phrasing, under broad and contrastive focus, in Seoul Korean
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(Cho, 1990; Jun, 1993). Under this framework, I showed how systematic differences
in prosodic phrasing of /kiman/ + Verb could be modeled.

While modeling variation in prosodic phrasing was not the central focus of the
dissertation, the kind of analysis I demonstrated for /kiman,/ + Verb opens up several
avenues for future research on the syntax-prosody mapping in Seoul Korean. In this
section, I discuss three main directions for future research, which may be pursued
with both production and perception experiments.

First, it is important to investigate how much variation there is in prosodic phras-
ing for a given syntactic structure in Seoul Korean. In Chapter 4, my analysis was
based on annecdotal reports in previous work that multiple prosodic phrasings are
possible for a given syntactic structure (Cho, 1990; Jun, 1993). I chose a set of con-
straint weights specifically to model this variation. However, in future work, what the
distribution of prosodic phrasing actually is for a given syntactic structure needs to be
empirically tested. In particular, I propose to conduct more acceptability judgment
experiments to test how acceptable different prosodic phrasings are for a given syn-
tactic structure, in addition to standard production experiments where speakers are
asked to produce sentences with the most natural prosodic phrasing. In other corners
of phonology, we often find that speakers/listeners exhibit gradient acceptability judg-
ments for both attested and unattested linguistic forms (e.g., Albright & Hayes, 2003)
and we model how this variation arises in the grammar. In most research on syntax-
prosody mapping, however, it is a standard assumption that there is a single best
prosodic phrasing for a given syntactic structure (e.g., Selkirk, 1984; Truckenbrodt,
1999; Kim, 2015). Even the studies that report variation in prosodic phrasing (e.g.,
Jun, 1993; Truckenbrodt, 2002; Lee, 2022) do not discuss whether there is gradient
acceptability among the attested phrasings and/or unattested phrasings. In order to

test this, we would need to create experimental items where acoustic cues are manip-
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ulated to vary prosodic phrasing. Multiple phonetic correlates could be investigated,
one of which could be the prosodically conditioned segmental realization.

Second, it would be interesting to consider whether there is phonetic evidence
for recursive prosodic structures in Seoul Korean. In Chapter 4, I hypothesized that
there may be recursive APs in the prosodic structure of /kiman/ + Verb, based on
the proposed difference in syntactic structure of the two meanings of /kiman/ + Verb.
After laying out linking hypotheses for how recursive phonological structure might be
phonetically implemented, I tested this hypothesis in the production data in Chapter
5 and tentatively concluded that there was no clear phonetic evidence for recursive
structure, for the /kiman/ + Verb construction.

However, it seems that the idea that prosodic structures can be recursive has not
been widely considered in the literature on prosodic structure in Seoul Korean (cf.
Baek & Yun, 2018; Lee, 2022), and there needs to be more work done to investigate
this possibility. One potential place to explore first is where there seems to be a
phonetic cue mismatch in the acoustic signal in natural productions, that is, when
there is an AP-final Ha tone followed by a lenis obstruent that is lenited. Under
the standard assumption that a lenis obstruent is optionally conditioned by prosodic
structure (Jun, 1993), this cue mismatch would have been prosodically transcribed
as containing an AP boundary before the lenis obstruent (i.e., (e.g., |...Ha|ap|Lenited
Lenis ...]4p)). However, a recursive prosodic structure (e.g., [|...Ha|ap Lenited Lenis
...Jap) could potentially account for this cue mismatch since the lenited lenis obstruent
token here is in the medial position of a higher AP. In order to investigate this
further, we would need to conduct a controlled production experiment, where we elicit
productions of sentences in Seoul Korean that we expect to be realized with recursive
prosodic structures, under the assumptions of syntax-prosody mapping theories (e.g.,
Match theory (Selkirk, 2011)). In addition, there need to be experimental sentences,

where we do not expect to see prosodic recursion. These two sets of sentences could
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then be compared acoustically to identify potential differences in recursive prosodic
structures and non-recursive ones in Seoul Korean.

Finally, a promising direction for future research is to investigate how listeners
interpret the acoustic signal in real time in comprehending syntactically ambiguous
sentences. In the model of perception proposed by Cho et al. (2007), listeners use
acoustic cues to compute prosodic structure and identify segmental contrasts simulta-
neously. There need to be more steps involved in this process for a listener to interpret
the meaning of an utterance. Given that there exists variation in prosodic phrasing
for a given syntactic structure, there may also be variation in how a single prosodic
phrasing may be compatible with multiple syntactic structures. In addition, among
multiple syntactic structures, some may be more likely than others. For instance, in
Chapter 6, I discussed that the focus-bearing meaning of /kiman/ and WH-words in
Seoul Korean may lead to a bias in interpreting how ambiguous syntactic structure
is interpreted. Considering all these factors together, listeners need to make a joint
inference about what prosodic structure (and what phonemes) the acoustic signal is
signaling, and what syntactic structure the perceived prosodic structure is compatible
with, which is possibly influenced by what syntactic structure is a priori more likely.
This process could be investigated with on-line measures of comprehension, such as
eye-tracking or EEG, where we can see how and when listeners update and possibly

revise their interpretations, as they receive more acoustic input.
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