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Abstract

In the Korean Tones and Break Indices (K-ToBI) system,
Intonational Phrase (IP) final fO contours are represented using
tones at two levels, Low and High. However, functional
analyses have shown the need for two additional levels, Mid
and Top. These four levels are also used in some speech
synthesis applications. This paper uses hierarchical clustering
to investigate the fO contours on IP final syllables in
spontaneous dialogues. Our aim is to develop a classification
scheme for analysing surface-level intonational variation in
Korean. The clustering results show differences in register for
the IP final fO contours, supporting the usefulness of a phonetic
analysis with more than two levels. The IP’s position in a
sentence seems to affect the IP boundary tone; the low
boundary tone for the sentence-medial IP may not be as low as
that for the sentence-final IP. The mapping between meaning
and boundary tones is not straightforward, and the effect of
post-positional particles must be considered when investigating
intonational meanings in Korean. Given the variability related
to morphosyntactic and sociolinguistic factors, implementing a
fine-grained classification scheme that goes beyond two levels
is desirable for further exploration of large corpora.

Index Terms: Korean, intonation, boundary tone, contour
clustering, spontaneous speech

1. Introduction

To advance prosodic research for real-world application, it is
crucial to investigate the use of prosody in speech data collected
outside the laboratory [1]. Bearing this in mind, the present
study aims to make methodological contributions for analysing
pitch events at the Intonational Phrase (IP) boundary in Korean.
This study takes a data-driven approach, using a large corpus of
spontaneous speech data in which sociolinguistic variation is
prevalent [2].

The K-ToBI (Korean Tones and Break Indices) [3] has been
widely used for analysing Korean intonation. However, these
analyses have been centred on the standard variety, Seoul
Korean, and there has been little corpus-based phonetic analysis
of dialectal intonation. It is therefore unclear whether the IP
boundary tone inventory in K-ToBI is adequate for capturing
sociolinguistically more diverse speech. To address these
issues, we used the contour clustering application [4] to classify
0 contours based on acoustic similarity and have extended the
dialectal area to Chungcheong which in the central area of
South Korea. The primary aim was to develop a classification
scheme for the IP-final surface-level f0 events for further
investigation in sociolinguistic variation.

We first review the existing work on IP boundary tones
(§2.1) and provide an overview of the central varieties of
Korean (§2.2), followed by information about the dataset and

methodology (§3). Section 4 describes the process and
interpretations of the contour clustering. Section 5 discusses the
findings. Section 6 presents conclusions.

2. Background

2.1. Intonational Phrase Boundary Tones

The K-ToBI system was developed within the Autosegmental-
Metrical framework [5]. In this framework, intonation is
modelled as strings of High and Low targets and the
intonational contour between two successive targets is assumed
to be interpolated. K-ToBI provides an inventory of nine IP
boundary tones in Seoul Korean, i.e., L%, H%, LH%, HL%,
LHL%, HLH%, HLHL%, LHLH%, and LHLHL% [3, 6]. They
represent the f0 contour shapes, but their linguistic or
paralinguistic ~ functions and their interaction with
morphosyntax remain unexplored. In Korean, post-positional
particles play important roles, signalling grammatical functions
and modality [7, Chap. 9]. As the IP boundary tone is often
associated with the post-positional particle(s), the function of
boundary tones cannot be elucidated without considering the
particle effect. This property of Korean poses challenges in
establishing categories for the IP boundary tones. For instance,
the sentence ending suffix -ta spoken with L% or LHL% shows
that the speaker notices something new (e.g., A: /masit*c/ ‘it is
tasty’) whereas H% is used when the speaker highlights the
newness pertaining to the already-shared information (e.g., B:
/ige tA masit*a/ ‘this one is tastier’) [8]. Thus, one may argue
for two phonological categories L% and LHL% vs H% based
on their pragmatic usage. However, these categories do not
apply to other particles with a different lexical meaning.

While thoroughly examining the intonational realisation of
numerous Korean particles would pose serious methodological
challenges for researchers for its complexity, some studies,
such as Lee [9] and Oh & Kim [10] incorporated the particle
effect in their study design. These studies accounted for the
particle types in discussing results and proposed variants of K-
ToBI with additional Mid and Top tones (Table 1). Although
three or more tones can be associated with an IP-final syllable,
only monotonal and bitonal tones are presented here due to
limited space. (See [10] for a full comparison.)

Table 1: Mono- and bi-tonal IP boundary tones across studies

Jun [3] Lee [9] Oh & Kim [10]
L% L% L%, LL%

H% M%, H% M%, H%

HL% ML%, HL% ML%, HL%, TL%
LH% LH%, LM% LH%, LM%
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Lee [9] developed his inventory based on laboratory speech
data from five Seoul Korean speakers. They read sentences in
different types (e.g., declarative, interrogatives) delivering
different attitudes or emotions, such as being friendly, irritated,
surprised, etc. In the results, L% was frequent for declaratives
and imperatives. While both M% and H% were observed for
polar questions and echo questions, H% was more frequently
associated with polar questions and M% with echo questions
[also see 11].

Oh & Kim [10] analysed 4853 sentences from spontaneous
speech and developed their inventory based on pragmatic
functions for improving speech synthesis. They argued for a
distinction between M and H, because, for instance, an H% (or
LH%) tone may turn a statement into a question while an M%
(or LM%) tone does not. Oh & Kim also differentiated L% (a
level or a gently falling tone) and LL% (a rapidly falling tone);
L% indicates the speaker’s certainty or confidence while LL%
tends to occur when speaker’s attitude does not need to be
delivered, e.g., in a monologue or when reading noun phrases.

While Lee [9] and Oh & Kim [10] did not explicitly
differentiate linguistic and paralinguistic functions [cf. 12],
Park [13] classified intonational functions as informational
(e.g., related to the propositional content and often determined
by the sentence-ending particle type), affective (e.g., expressing
the affective stance of the speaker towards the interlocutor or
situation) and structural (e.g., indicating the relationship
between the utterances or discourse structure), following
Gussenhoven [14, Chap. 5]. Park used the two-level convention
with L and H tones and suggested that the sentence-medial
monotonal boundary tones commonly have the informational
use while sentence-finally, they are more likely to have
affective or structural use. On the other hand, complex
boundary tones which consist of multiple tones mainly project
speakers’ affective stance.

To summarise, there have been debates on the number of
tonal levels required, the effect of particles, and pragmatic
functions of the IP boundary tones in Korean. For West
Germanic or Romance languages, phonological categories may
be established by examining intonational contrasts associated
with different modality (e.g., question vs answer) and/or focal
structure [cf. 15]. Using similar methods across Korean dialects
requires more deliberation, partly because they differ in the
types and use of particles and lexical prosody [e.g. 16]. For
dialects without a lexical stress or lexical pitch accent, the
prosodic cues to the focal structure seem to be spread over an
utterance [17]. This makes direct comparison of local prosodic
properties across dialects difficult, while the IP-final tones play
pragmatic functions across dialects.

2.2. Central varieties of Korean

Six major dialectal regions (northwest, northeast, central,
southwest, southeast and Jeju Island) are identified in Korea
[18]. The central region covers a broad area, including Seoul,
Gyeonggi, Chungcheong, Gangwon, and Hwanghae Provinces.
Although dialectal differences were pronounced in the past,
recent studies report dialectal levelling in the central region and
native Korean speakers classify Chungcheong, Seoul, and
Gyeonggi as one dialectal region [19]. These varieties do not
have lexical stress, lexical pitch accent or lexical tones [18].
That is, the broad descriptions about Chungcheong, Seoul, and
Gyeonggi varieties are similar, but systematic empirical studies
are required to assess their phonetic properties.
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Given the complexity in intonational analysis (§2.1), we
first explored the surface fO variation in the IP-final syllable.
The central question was whether the two-level (i.e., using only
L and H) or multilevel descriptions would be more suitable for
further investigation on the potential categorical nature and
communicative functions of the IP boundary tones.

3. Methodology

3.1. The corpus and data

The Chungcheong speech data were selected from a Korean
dialect corpus which includes speech recording, transcripts, and
basic demographic information about speakers [2]. Data from
three pairs of speakers (2 male pairs and 1 female pair in their
20s) were selected. Because the familiarity between speakers
and their relationship affects morphosyntactic marking and
speech styles in Korean [7, Chap. 9], speaker pairs who
appeared to know each other well (i.e., using informal language
and referring to each other without honorifics) were selected.

Each sound file contained a dialogue between two speakers
(18-20 minutes long). Each pair had a conversation about
literature, travelling and sports. The dialogue consisted of long
stretches of each turn, rather than rapid exchanges. Speakers
recorded their dialogue on their device such as an iPad using
online meeting platforms. No further technical information was
available. The sampling rate was 16 kHz and the sound quality
was suitable for prosodic analysis.

3.2. Annotations

A forced aligner [20] was used for phoneme-level segmentation
of speech data. Then annotators, whose first language was
Korean, carried out the audiovisual analysis and annotation
using Praat [21] to identify Accentual Phrase (AP) boundaries,
IP boundaries, and IP-final syllables following K-ToBI criteria
[3]. Author H.-S. Jeon who is extensively trained in prosodic
analysis of Korean finalised all annotations.

3.3. Contour clustering

We used Contour Clustering [4] which performs hierarchical
agglomerative clustering (HAC) of time-series f0 measures. An
alternative is k-means clustering [cf. 22]. HAC has the
advantage over k-means clustering that the clustering process
can be inspected using dendrograms before deciding on the
number of clusters. (For other clustering methods, see Section
1.6 in [4]). First, the f0 contours were smoothed using an in-
application tool (20 time points per syllable, fO range: 50—400
Hz, {0 fit: 0.8, and smoothing bandwidth: 1). In total, 1080
contours were submitted to clustering (in Hz, fO standardised
for each speaker). The contour clustering application requires
users to specify the optimal number of clusters informed by
built-in evaluation criteria, Minimum Description Length
(MDL) based on information cost [23] and within/between
cluster variance (W/B). They identified different numbers of
optimal clusters (7 by MDL vs 3 by W/B). We opted for the
larger number of clusters; the seven clusters (§4.1) were
perceptually distinctive, and they were judged to be potentially
functionally contrastive from each other.

We took a zooming-in approach; after initial clustering, we
identified three clusters with notable within-cluster variation
and carried out another round of clustering to examine their
subclusters (§4.2) determined by the evaluation method



described above. Sample sounds in each (sub)cluster were
subject to audio-visual examination. In the output plots, the
solid line shows the mean, and the grey area shows the standard
deviation, with 0 being the centre of the speaker’s range. All
statistical analyses were conducted with R [24] and RStudio
[25]. The package tidyverse [26] was used for data processing.

4. Analysis and results

4.1. Initial seven clusters

The initially identified seven clusters (Fig. 1) showed
differences in register, i.e., where the f0 events occur in the
speaker’s range. Zero on the y-axis represents the middle of the
speaker’s fO range; Clusters (Cs) 2, 3 and 6 were in the mid-
high range and the wide grey area indicated wide variation.
These clusters are examined in more detail in Section 4.2.

Cs 1 vs 4 may be phonetically labelled as M or L vs extra-
L, respectively. In the speech samples, the IP-final fO contour
shapes for C1 varied between a rise and a fall, but the end point
was above the bottom of the speaker’s f0 range. Figure 2 shows
an example; f0 falls to the IP-final syllable -deun (‘touch’ +
present tense particle) which modifies a noun ‘romance’
following ‘like’. Here, -deun is IP-final but utterance-medial;
the boundary tone indicates continuity. On the other hand, the
fO contour shapes for C4 varied less as shown in the narrower
grey area in Figure 1. They tended to be level at the low register
throughout the IP-final syllable, corresponding to the canonical
L% tone associated with the utterance-finality.

For C5, f0 contours were distributed in the range higher
than expected for the canonical H% tone in read speech (e.g., a
rise associated with a question). In the speech samples, the
‘extra high’ contours were perceptually distinctive from the
canonical H% tone with more emphatic impression (Fig. 3).
The relationship between the ‘extra high’ and meaning is
further discussed in Section 4.3. Finally, C7 showed falling
contours from high to a low-mid register (HL or HM).
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Figure 1: Initial seven clusters. The x-axis shows the
normalised time and the y-axis shows the normalised f0).

4.2. Zooming in for subclusters

Further clustering was carried out for each of Cs 2, 3 and 6 (Fig.
1) to identify their subclusters (SCs). For the SCs, in audio-
visual examination of the speech samples, the relationship
between the boundary tones and intonational functions was not
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clear due to the presence of different post-propositional
particles. Therefore, this section reports only phonetic {0
shapes, using one or two tones to describe them.

For C2 (Fig. 1), four SCs were identified (Fig. 4); the
averaged contours showed ML for SC1, M or MH for SC2, ML
for SC3, and HL for SC4. For C3 (Fig. 1), there were three SCs
(Fig. 5); SC1 showing H, SC2 showing MH, and SC3 showing
HM. The contours distribute in the speaker’s high f0 register.
For C6 (Fig. 1), the three SCs were at the high register (Fig. 6).
Here, SC1 showed H, a slight fall from a high onset, but the
final f0 is still at a high register. SCs 2, 3, 4 are low in frequency
(only 4-8 tokens for each SC) and they may be outliers.

2.79389182 3.82674809

150:

1004 eee

Pitch (Hz)

MANHI “a lot” GEONDEUN ‘touch + PRES’

GFUREON “lie”

deun

2.794 3.827

Time (s)

Figure 2: Example for C1 (Fig. 1), for -deun in

“..touched a lot, like, romance’ (male speaker).
1.7325
350

300
250

oo™, he

200 S e e e

Pitch (Hz)

150

100
‘ + but’

MUNHAGIRAGO HAES%NEUNDE ‘do + PAST]

de

1.71 25

Time (s)
Figure 3: Example for C5 (Fig. 1) for -de ‘but’ in
“..regarded as literature, ..but..” (same speaker as in Fig 2).

4.3. Boundary tones and meanings

To control the particle effect (§2.1), we selected one frequent
particle, connective -go ‘and’ (n = 135) to examine its clusters.
(In fact, the most frequent particle was -neun (n = 155) which
was not used due to its ambiguity. It could be either a topic
particle or a present tense particle.) For -go ‘and’, four clusters
were identified (Fig. 7, C1: M, C2: H, C3: L, and C4: HM).

In the audio-visual examination, it was difficult to establish
clear mapping between f0 contours in a particular cluster and
meaning even though the particle type was controlled. For C2
(Fig. 7), the high f0 delivered excitement or emphasis; an
utterance in C2 could be interpreted as a question in isolation,
but the question interpretation is unlikely in the given context.
If a speaker wants to ask a question ending in -go ‘and’, then an
extra high f0 or a large fO jump between the IP penultimate and
final syllables would be required to override the lexical
meaning. For C3 (Fig.7), although the fO contours were in the
low register, because of the lexical meaning of -go ‘and’, there
was a strong sense of continuity rather than finality.

5. Discussion

5.1. IP boundary f0 contours

This study examined surface f0 contours associated with IP-
final syllables. We identified (Figs. 1, 4, 5 and 6): M, L (C1);



M, ML, MH (C2 and its SCs); H, MH, HM (C3 and its SCs);
extra-L (C4); extra-H (C5), H (C6) and HL, HM (C7). While
the results do not suggest phonological categories, they support
a need for phonetic analysis differentiating Low, Mid, High,
Top (‘extra high’) and possibly Bottom (‘extra low’). The
speaker-normalisation  procedure used here led to
representations which are similar to the INTSINT system [27]
using three levels for absolute Top, Mid, and Bottom tones
relative to the speaker’s f0 range in addition to High, Same, and
Low tones relative to the preceding syllable. Two broad issues
identified in this study are discussed below.

1 2 3
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Figure 4: Four subclusters for Cluster 2 in Fig 1.

1 2 3

™~

Speaker standardized fO

n=23 14 n=88

@

5 10 15 20 5 10 15 20 5 10 15 20
measurement number

Figure 5: Four subclusters for Cluster 3 in Fig 1.
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n=4 n=6 n=5

15 20 5 10 15 20 5 10
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Figure 6: Four subclusters for Cluster 6 in Fig 1.
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Figure 7: Four clusters for -go ‘and’

5 10

First, there may be intonational differences between
sentence-medial and -final IPs. Both Cs 1 and 4 (Fig. 1) would
be classified as L% using the current K-ToBI inventory.
However, the audio-visual examination revealed more within-
cluster variation for C1 with differences in the register from C4.
Therefore, in a phonetic inventory with multilevel tones, Cs 1
vs 4 would be differentiated as M or L vs extra-L. Our
examination suggests that C1 may be more likely to be
associated with sentence-medial IPs, but further investigation is
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required to clarify the positional effect. To our knowledge, the
positional effect has received little attention; this may be partly
because in previous studies, only idealised speech with intended
prosodic structure was analysed.

Second, the interplay between particle types, intonation,
and context deserves further investigation. Even when only one
particle type, the connective -go ‘and’ was examined (§ 4.3),
there was no clear one-to-one mapping between an fO cluster
and its meaning. High f0 (C2 in Fig. 7) could deliver emphasis
or excitement, but the f0 contours across the clusters seemed to
signal continuity; for this connective particle, a strong rise
which ends in extra-high pitch or with a large pitch jump
between the two final syllables could be interpreted as a
question marker. Accordingly, we could assume four functional
categories, (1) question marking (surface LH or T), (2)
emphatic continuity (H, C2 in Fig. 7), (3) continuity (M, L, and
HL, respectively for C1, 3 and 4 in Fig. 7), and (4) finality (L
or extra-L). But this impressionistic classification requires
empirical validation, and this mapping may not be applicable
other particles.

6. Conclusions

This paper investigated the surface f0 contours associated with
IP-final syllables in Chungcheong Korean. The results suggest
that to further investigate the functions and sociolinguistic
and/or individual differences in intonation, using a phonetic
model with more than two tonal levels would bring benefits.
For instance, the f0 contour distributions and the meaning-
intonation mapping discussed in Section 4.3 may be different
across Korean dialects. Using the two-level model (restricted to
H and L) without accompanying descriptions on variation poses
a risk of neglecting the potential semantic or pragmatic
contrasts (e.g., the difference between continuity and finality in
C1 and C4 respectively, see Fig. 1). It is also important to
further examine the f0 movement slope and its functions, for
example, in the distinction between L% (a level tone or gentle
fall) and LL% (a steep fall) [10], and between HL (a steep fall)
and HM (a shallower fall, see C7 in Fig. 1 and SC3 in Fig. 5).
By carrying out further fine-grained phonetic, morphosyntactic
and functional analysis, we can enrich the current phonological
model by clarifying whether and/or when to implement
downsteps or upsteps and also contribute to developing an
intonational model linked to other linguistic domains [28].

Finally, it should be noted that the present study analysed
only the IP-final syllables. The schematic representations in the
K-ToBI [3] may seem to suggest that the IP boundary tones are
associated with the final syllable. However, the boundary tone
can begin earlier [13] and, in fact, the K-ToBI cites examples
for the tones beginning from the penultimate syllable. In this
sense, applying the contour clustering to domains larger than
the final syllable could provide us with further insights on the
acoustic and functional classification of the boundary tones [cf.
29].
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