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Abstract 

This study analyzed unscripted, conversational speech to investigate differences in question 

intonation in Korean varieties spoken in Chungcheong (CC) and Gyeongsang (GS). It is 

traditionally assumed that, apart from differences in word-level prosody, these two varieties 

differ in their intonational marking of questions, the CC variety typically using a final fo rise, and 

the GS variety using a final fo fall. Hierarchical clustering of fo contours and random forest 

analysis were used to inspect patterns emerging from the data. Further manual examination was 

conducted for the individual fo patterns. An investigation of the effects of variety and question 

type (alternative, polar, and wh-questions) did not strongly support the traditional account of the 

dialectal difference. Nonetheless, evidence for the interaction between variety and question type 

predictors was shown in the distribution of fo contours, with the GS variety showing greater 

variation than the CC variety. The approach taken here constitutes an effective analytical pipeline 

for exploring the distribution of fo contours in speech data with a high degree of sociolinguistic 

variation that is generally absent in scripted speech data. This study further shows that 

combining data-driven and linguistically informed analyses is useful for reconciling phonetic and 

linguistic approaches to analyzing intonation.
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I. INTRODUCTION  1 

The standard practice for investigating cross-dialectal phonetic differences has long been that of 2 

recruiting speakers of target dialects and recording them reading carefully designed materials. This 3 

approach is essential for systematically comparing how speakers of different dialects read written 4 

texts. However, to ensure applicability of phonological models for conversational speech and to 5 

improve our understanding of speech communication, it is crucial to examine unscripted 6 

interactions (Wagner et al., 2015; Cangemi et al., 2023). A wide range of conversational speech 7 

corpora across languages and varieties (e.g., Koutsombogera and Vogel, 2018; Saltlux, 2021) can 8 

serve as invaluable resources for researching language in real-life situations.  9 

However, for prosody research, speech data collected outside experimental and laboratory 10 

settings poses significant challenges. In particular, conversational speech comes with a great deal of fo 11 

variation owing to factors such as speakers’ indexical information, speakers’ emotional state, and 12 

discourse structure (e.g., Beckman, 1997; Xu, 2011; Hirschberg et al., 2020), to name a few. The 13 

uncontrolled segmental content of utterances also leads to difficulties in fo extraction. For analyzing 14 

intonation, controlled data often involves utterances that consist of sonorants with minimal 15 

segmental perturbation in fo tracks, whereas natural speech rarely consists of sonorant-only 16 

utterances. Although the alternation between sonorants and obstruents may be suboptimal for 17 

analyzing intonation, this alternation is optimal for segmenting the speech stream. Furthermore, 18 

manual annotation of prosodic events in conversational speech, such as prosodic boundaries and 19 

their tones, is time-consuming and prone to researchers’ biases (Kaland, 2023a).  20 

This study attempted to tackle the challenges in analyzing unscripted conversational speech 21 

while investigating intonational differences between Chungcheong (CC) and Gyeongsang (GS) 22 

varieties of Korean. While the intonational model of standard Seoul Korean has been much 23 

researched (e.g., Jun, 1998; Jeon, 2015), there has been little cross-dialectal investigation using 24 
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conversational speech. The CC and GS varieties were chosen because they are claimed to differ in 25 

their question intonation. In the literature, the CC variety is traditionally described as marking 26 

questions with an fo rise at the end, whereas the GS variety is described as using a fall, regardless of 27 

its modality (see Section I. B). For the present investigation, question utterances were selected from 28 

a large open-access corpus of topic-guided conversational speech across Korean dialects (Saltlux, 29 

2021). The analysis revealed an interaction between variety and question type (alternative, polar, and 30 

wh-interrogatives). Cross-dialectal differences were observed primarily in the distributional patterns 31 

of fo contours rather than in a one-to-one mapping between a particular variety and its default 32 

pattern, with the GS variety showing greater variability compared to the CC variety. While the 33 

observed cross-dialectal differences were attributable to a subset of speakers, these findings provide 34 

a useful foundation for subsequent investigations employing controlled datasets. 35 

The aims of the study were twofold. The first aim was to test the workflow using data-driven 36 

and statistical methods, agglomerative hierarchical clustering (e.g., Kaufman & Rousseeuw, 1990; 37 

Kaland, 2021) and random forests (Breiman, 2001), for unscripted speech data and complementing 38 

these methods with manual analysis. The second aim was to assess the dialectal difference. 39 

Specifically, the possibility of an interaction between the varieties and question types (alternative, 40 

polar, and wh-questions) was tested.  41 

In this article, the intonational representation in Korean (Section I. A), the CC and GS varieties 42 

(Section I. B), and statistical methods (Section I. C) are first discussed. Section II presents data 43 

annotation and analysis methods. Section III presents the results of the statistical analysis (Section 44 

III. A) and a manual analysis on the individual fo pattern (Section III. B). Section IV discusses the 45 

findings. Conclusions follow in Section V. 46 
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A. Intonational representation in Korean 47 

The basic word order in Korean is Subject-Object-Predicate. Sentence modality such as 48 

declarative, interrogative, and imperative is often marked by post-positional particles (Sohn, 1999). 49 

However, this morpho-lexical marking is not obligatory. When morpho-lexical ambiguity between a 50 

declarative and an interrogative occurs, intonation is often considered a key disambiguation cue, a 51 

rise indicating interrogativity (Yoon, 2010).1  52 

Prior to discussing question intonation, we provide a brief survey on the intonational analysis of 53 

Korean. The most widely used transcription system is Korean Tones and Break Indices (K-ToBI, 54 

Jun, 2000). K-ToBI was developed for standard Seoul Korean within the Autosegmental-Metrical 55 

framework (Pierrehumbert, 1980). In this framework, intonation is modelled as combinations of 56 

high (H) and low (L) targets, and the fo contour between successive targets is taken to be 57 

interpolated. A hierarchical intonational structure is assumed (see Jeon, 2015 for survey); the 58 

highest-level prosodic unit is the Intonational Phrase (IP), which consists of one or more Accentual 59 

Phrases (AP). The AP is demarcated by fo. In the central varieties, including both standard Seoul and 60 

CC varieties, the AP-initial fo is determined by the segmental type; while a fortis or aspirated 61 

consonant and a voiceless fricative trigger high fo, other segments, including a lenis consonant and a 62 

vowel, trigger low fo. IP-medial APs frequently carry a fo rise at their right edge (Jun, 1998, 2000). 63 

While the fo pattern over the AP has a demarcating function (Jeon and Nolan, 2013), it does not 64 

seem to be related to the utterance meaning (Jun, 1998; 2000). On the other hand, the IP boundary 65 

tones can differentiate utterance modality and deliver pragmatic meanings. K-ToBI provides an 66 

inventory of nine IP boundary tones, i.e., L% (level or fall), H% (rise), LH% (late rise), HL% (rise-67 

fall), LHL% (late rise-fall), HLH% (fall-rise), HLHL% (fall-rise-fall), LHLH% (rise-fall-rise), and 68 

LHLHL% (rise-fall-rise-fall). The IP boundary tones are typically associated with the IP-final 69 

syllable, but they may begin earlier. While K-ToBI presents the boundary tones with a broad 70 
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description of their possible meanings (e.g., L% is commonly used in stating facts and in 71 

declaratives), their usage in interaction and their communicative functions has not yet been 72 

thoroughly explored.  73 

Some studies in Korean pragmatics have examined how IP boundary tones interact with 74 

morphosyntax in delivering utterance meaning in a given context (e.g., Kim, 2010; Kim, 2015; Yoon, 75 

2023a). For instance, in a polar question, the plain question sentence-final particle -ni is often used 76 

with H%, but the suppositive/committal question particle -ji which can be translated into a tag 77 

question in English is not. In contrast, in a wh-question, -ji is often used with H%, while -ni is used 78 

with HL% (see Park, 2012). These studies offer useful insights into the complex mapping between 79 

morphosyntax, intonation, and pragmatic meanings. However, they often classify fo contours 80 

according to the K-ToBI inventory from the data annotation stage and do not present phonetic 81 

variants. For instance, although H% is used for both a rise from the bottom of a speaker’s fo range to 82 

the mid-level and a steeper rise to a high level, these two phonetic forms may play different 83 

functional roles, the former indicating continuation and the latter questioning. Adhering to a single 84 

label for fo contours with different functions may keep us from understanding potentially fine-85 

grained intonational meanings and sociolinguistic variation. In the present study, therefore, we 86 

analyze phonetic forms, the initial exploration being based on automatic classification of fo contours 87 

using cluster analysis, i.e., solely based on their numerical similarity (Section I. C).  88 

B. CC and GS varieties of Korean  89 

The CC variety is classified as one of the central varieties spoken in broad regions including 90 

Chungcheong, Gyeonggi, Hwanghae, and Gangwon provinces, as well as in the Seoul metropolitan 91 

area in South Korea. The central varieties do not have lexical stress, lexical pitch accent, or lexical 92 

tones (Brown and Yeon, 2015). While dialectal differences in the central regions were prevalent in 93 

the past, the present-day CC variety is considered similar to standard Seoul Korean (Jeon, 2013). 94 

https://doi.org/10.1121/10.0037191


 
 
 
 
Jeon, H.-S., Kaland, C., & Grice, M. (2025) Question intonation in conversational speech: Chungcheong and Gyeongsang varieties of Korean. J. 
Acoust. Soc. Am., 158 (1): 684–696. https://doi.org/10.1121/10.0037191 

 

6 
 

While central varieties are traditionally described as using rising intonation for polar questions and 95 

falling intonation for wh-questions in line with the cross-linguistic tendencies (Cruttenden, 1997, 96 

p.155; Kohler, 2004), recent empirical studies have reported mixed findings. In read speech, polar 97 

questions seem to be dominantly marked by a rise, but wh-questions show both rising and falling 98 

intonation (see Yun, 2023a).  99 

On the other hand, the GS variety is known for its ‘strong accent’ (Jeon, 2013). The Gyeongsang 100 

Province is in the south-eastern part of the Korean peninsula, and it is divided into South 101 

Gyeongsang and North Gyeongsang. South and North GS varieties have lexical pitch accent 102 

systems that differ from each other (‘snow’ /nǔn/ with a rise for South GS vs /nún/ with a high 103 

pitch for North GS, Lee and Zhang, 2014). With the ongoing dialectal leveling in South Korea 104 

(Jeon, 2013), there is some evidence that the phonetic forms of GS pitch accents have changed over 105 

time (Lee and Jongman, 2015; Lee, 2018). For instance, Lee and Jongman (2015) showed that, 106 

compared to speakers born before 1952, South GS speakers who were born after 1985 have reduced 107 

the phonetic differences across the pitch accent categories LL, LH and HL. 108 

For utterance-final intonation, the GS variety is traditionally known for its frequent use of a final 109 

fo fall for all sentence modalities. Unlike the central varieties, GS varieties differentiate sentence 110 

modality by sentence final particles (e.g., statements with -ta, polar questions with -na, wh-questions 111 

with -no, and commands with -la, Lee, 1988) and therefore intonational disambiguation may not be 112 

required. Empirical studies support the frequent use of question-final falls in GS, although rises are 113 

observed and the intonation is affected by factors such as the utterance-final particle type, focal 114 

structure and word order (Hwang, 2006). If the dominant use of question-final falls is further 115 

substantiated by conversational speech data, then the GS variety would represent a further language 116 

in which a final fall is used in questions (especially in polar ones), such as those spoken in the 117 

Sudanic belt of Africa which have ‘lax’ endings (Rialland, 2009). Many other languages such as 118 
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Greek, Hungarian and Romanian, and many varieties of Italian and Portuguese have final falls, but 119 

with the rise being elsewhere in the IP on a pitch accent (Grice et al., 2000; Savino, 2012; Frota, 120 

2002).  121 

There has been little empirical work directly comparing GS and CC intonation. Furthermore, 122 

previous studies are limited in scope; they analyzed speech from only one or two speakers from each 123 

region. For instance, Han and Oh (1999) analyzed spontaneous conversation on the radio by two 124 

GS speakers and two Seoul speakers. They reported that GS speakers used LH% in the IP-final 125 

syllable more frequently compared to Seoul speakers. However, this study did not take sentence 126 

modality into account. Differences between the South and North GS varieties have also been 127 

reported. For example, while falling intonation was used in both South and North GS for polar 128 

questions in Kim (2003), subtle cross-dialectal differences were noted. North GS speakers used two 129 

distinctive utterance-final intonation patterns, (1) a sustained rise followed by a steep fall in the 130 

utterance-final syllable and (2) a gentle fall beginning earlier in the phrase, while South GS speakers 131 

used only the gentle fall. Kim (2003) also showed that both patterns were observed for wh-questions 132 

across South and North GS speech. However, it is not clear whether the reported differences were 133 

attributable to cross-dialectal differences in lexical pitch accent or in question marking.  134 

The present study investigates the effects of variety (CC, GS), question type (alternative, polar, 135 

wh-questions, following Yoon’s (2010) analysis of conversational speech) and their interaction on fo 136 

contour patterns. While the mapping between question types and fo contour patterns is unlikely to be 137 

one-to-one, cross-dialectal differences are expected in the distributions of fo patterns. Overall, the GS 138 

variety is expected to show more variation compared to the CC variety for three reasons. First, GS 139 

speakers are expected to produce falls more frequently compared to CC speakers. Second, the GS 140 

data are likely to contain a higher level of variation related to sub-regions in GS and the language 141 

change. Third, the lexical pitch accent in GS may affect question-final intonation. Although the 142 
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effect of lexical pitch accent on utterance-level intonation in GS Korean has not been thoroughly 143 

studied, there is some evidence showing their interaction (Hwang, 2006). Furthermore, an 144 

interaction between the variety and question type predictors is expected, given that CC speakers may 145 

prefer rises for polar questions and falls for wh-questions, while GS speakers are more likely to 146 

produce falls across question types.  147 

C. Contour Clustering and Random Forest  148 

To explore the distribution of fo contours in conversational speech data, this study used 149 

agglomerative hierarchical clustering (Kaufman & Rousseeuw, 1990; James et al., 2013) in 150 

conjunction with random forest analysis (Breiman, 2001). This approach is data-driven; automatic 151 

analysis is carried out purely based on the physical properties of the speech signal. The Contour 152 

Clustering application (see Kaland, 2023a for theoretical background) used here was developed to 153 

account for phonetic variation without imposing pre-defined intonational categories on data (Ladd, 154 

2022). It offers several options for normalizing between-speaker variability and conducts bottom-up 155 

hierarchical agglomerative cluster analysis, which starts with all observations in separate clusters. The 156 

clustering process merges clusters based on their numerical similarity, as expressed by a distance 157 

metric and a linkage criterion (James et al., 2013). The outcome of the clustering is a tree structure 158 

representing the merging process (dendrogram), with a specific height in the tree corresponding to 159 

the number of clusters. A low number of clusters allows users to see broad grouping, while 160 

increasing the number of clusters allows more fine-grained grouping. The clustering outcomes do 161 

not suggest phonological categories, but they are useful for examining the distribution of surface fo 162 

contours in the dataset. Cluster analysis is a promising method to explore intonation (Kaland, 163 

2023a), particularly when the prosodic properties of the language under investigation are not well-164 

known. Recent studies have combined it with other statistical techniques such as random forest or 165 
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Generalized Additive Mixed Modelling (GAMM) (e.g., Cole et al., 2023; Kaland and Grice, 2024; 166 

Steffman et al., 2024).2  167 

Random forest analysis (Breiman, 2001) can provide an account of robust predictors for fo 168 

contour clustering outputs. Random forest analysis is a machine-learning technique of classifying 169 

data by constructing a large number of decision trees using randomly selected training datasets and 170 

random subsets of predictors. The decision trees are used to assign values to predictors that are 171 

related to the classification outcome. Random forests are useful for determining important variables 172 

given a small number of observations, and they may show higher accuracy compared to other 173 

classification techniques (Speiser et al., 2019).  174 

Clustering and random forests were successfully used by Kaland and Grice (2024), who analyzed 175 

IP-final fo patterns in unscripted task-oriented dialogues in Papuan Malay. Participants were given 176 

seven shapes (triangles, a square, etc.) in pictures on a card. One of the shapes was indicated with an 177 

arrow, and participants in dyads were asked to find out whether the indicated figure was the same or 178 

different between their cards. Kaland and Grice (2024) carried out cluster analysis to examine fo 179 

patterns associated with the same disyllabic words in phrase-final position (n = 324 from 35 180 

speakers). They also manually labelled the speech data for whether the IP-final constituent was turn-181 

medial or -final, topic continuation, and also information structure (information status and 182 

contrastivity, i.e., whether the word was mentioned before and whether it contrasted with another 183 

word, respectively), word class (adverb, conjunction, demonstrative, etc.), and syllable structures. 184 

These labels were used for a random forest analysis to determine the these predictors’ importance. 185 

Results showed that fo contour variation, in particular fo direction and target level, was best explained 186 

by whether the IP was turn-medial or -final.  187 

The present study used fully topic-guided (but not task-oriented) dialogues in two dialectal 188 

groups. The present data were expected to show greater variation, because the two dialects are 189 
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reported to have different question-final intonation and the speaker’s choice of lexical items was not 190 

controlled.  191 

To summarize, this study first aimed to combine statistical methods and manual examination of 192 

fo contour variation in conversational speech data. The cluster analysis classified all fo contours over 193 

IP-final two or three syllables based on their numerical similarity. The clustering could be affected 194 

by both the fo level relative to speakers’ range fo and the movement direction (rise, fall, flat). Then the 195 

random forest analysis was carried out for the clustering output to identify the important predictors 196 

for the classification. Subsequently, fo contours associated with the IP-final syllable were classified 197 

focusing on the movement direction (e.g., falls, rises) regardless of the fo level. The second aim was 198 

to assess the dialectal difference (CC vs GS) and the potential interaction between variety and 199 

question type (alternative, polar and wh-questions). The differences in the distribution of fo patterns 200 

are expected, and an interaction between variety and question type predictors in the random forest 201 

analysis.  202 

II. DATA AND ANALYSIS 203 

We combined contour clustering and random forest analysis for fo contours measured over two 204 

or three IP-final syllables (henceforth ‘multisyllabic domain’) to examine (1) the distribution and 205 

clustering of fo contours based on their acoustic similarity and (2) whether the clustering is related to 206 

the predictors, variety (CC, GC), question type (alternative, polar, and wh-questions), and the 207 

interaction between variety and question type. Contour clustering and random forest were carried 208 

out in parallel, as described in the supplementary materials3. While these analyses classified fo 209 

contours purely based on numerical similarities and the classification would be affected by statistical 210 

distribution in the dataset (i.e., a small cluster can be merged into a larger cluster), the manual 211 

analysis approximated the traditional analysis of the IP-boundary movement.   212 

https://doi.org/10.1121/10.0037191


 
 
 
 
Jeon, H.-S., Kaland, C., & Grice, M. (2025) Question intonation in conversational speech: Chungcheong and Gyeongsang varieties of Korean. J. 
Acoust. Soc. Am., 158 (1): 684–696. https://doi.org/10.1121/10.0037191 

 

11 
 

A. Data 213 

This study used a corpus of Korean dialects (Saltlux, 2021), including speech sound files (.wav), 214 

transcripts, and basic demographic information about speakers. The speech data were collected in 215 

different locations, such as Chungchung (CC), Gangwon, Gyeongsang (GS), Jeju, and Jeolla 216 

Provinces. Each sound file contains a conversation between two speakers about one topic (18–20 217 

minutes long), such as literature, travelling, food, and sports. Some speakers were recorded in a quiet 218 

office using a headset with a microphone. Other speakers used their mobile devices, such as an iPad 219 

and online meeting platforms during the Covid-19 pandemic. No further technical information was 220 

available. The sampling rate was 16 kHz. The quality of recordings in the corpus varied. Some 221 

recordings included significant background noise, which made reliable acoustic analysis impossible. 222 

We examined the quality of each sound file by listening to it and inspecting its spectrogram using 223 

Praat version 6.1.16 (Boersma and Weenink, 2023). Files with no or little background noise were 224 

selected for accurate fo measurements.  225 

B. Speakers 226 

Data from six pairs of speakers were selected from each of CC (four male pairs and two female 227 

pairs) and GS (two female-male pairs and four female pairs) sets. Information about the speakers’ 228 

main places of residence was available; while some speakers named a specific city (e.g., Daejeon), 229 

others named a province (e.g., South CC, North GS). CC speakers’ main places of residence were 230 

North CC (six speakers), Daejeon (the largest city in CC, three speakers), South CC (two speakers) 231 

or Sejong (a self-governing city at the administrative boundary between South and North CCs, 1 232 

speaker). GS speakers’ main places of residence were Busan (South Korea’s second-largest 233 

metropolis after Seoul in South GS, five speakers), Ulsan (in South GS, three speakers), South GS (2 234 

speakers), and Daegu (two speakers, close to North GS). All the speakers were in their 20s. Because 235 

the familiarity and hierarchical relationship between speakers affects morphosyntactic marking and 236 
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speech styles in Korean (Sohn, 1999), only speaker pairs who appeared to know each other well (i.e., 237 

using informal language and referring to each other without honorifics) were selected for analysis. 238 

C. Annotations 239 

Praat version 6.1.16 (Boersma and Weenink, 2023) was used for all annotations and acoustic 240 

analyses. A forced aligner (Yoon, 2023b) was used for phoneme-level segmentation of speech data. 241 

Research assistants who were trained in prosodic annotation carried out the first-stage annotation. 242 

They used the Busan (GS) variety as their first language, and they were familiar with the central 243 

varieties. They manually corrected the phoneme-level segment boundaries, following the criteria in 244 

Turk et al. (2006). They marked AP and IP boundaries respectively in two interval tiers in each 245 

TextGrid. The AP boundary was identified by the presence of the AP boundary tone; the right edge 246 

of the IP was identified by the presence of the IP-boundary tone and significant final lengthening 247 

(Jun, 2000). They labeled syntactic constituents for each AP. For example, a case marker was 248 

classified as a nominative marker, a topic marker, and an accusative marker or other. For each IP, 249 

the sentence modality was annotated as a statement, wh-question, polar question, alternative 250 

question, command, suggestion, and direct quotation. This classification was based on the lexico-251 

grammatical properties of the target utterance. For instance, ‘is there any place you want to go for 252 

your holiday?’ was classified as a polar question, although the response was ‘I want to go to Paris’ 253 

without an explicit yes-no response. The question type classification (polar, wh- and alternative 254 

questions) followed Yoon (2010). There were 255 IPs produced as questions out of 6011 IPs in 255 

total. Further, the final or penultimate particle was annotated in Romanized form. The APs are not 256 

analyzed in the present study. The analysis results for particles are available on the Open Science 257 

Framework (OSF). 258 

H.-S. Jeon, who is trained in prosodic analysis of Korean, checked all first-stage annotations. 259 

One interval tier for each sound file was created. Then a single interval was created to mark the 260 
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beginning of the final two or three syllables in each IP and the IP offset. When an IP-final AP was 261 

disyllabic, then the beginning of the penultimate syllable was marked. When an IP-final AP had 262 

three or more syllables, the beginning of the final three syllables was marked. Each interval 263 

contained information about the question type (wh-, polar and alternative) and the IP-final particle 264 

type.  265 

D. Contour clustering 266 

For multisyllabic domain analysis (with the analysis window over two or three syllables), time-267 

series fo measures were taken using the Contour Clustering application (settings: fit 0.9, time step 10 268 

ms, 50−475 Hz range, 30 measurement points) (Kaland, 2023a). While other clustering methods are 269 

available (Kaland et al., 2024), the application facilitates semi-automatic analysis of fo contours and 270 

visualization of the clustering outputs. The Contour Clustering application (Kaland, 2023a) applies fo 271 

interpolation and extrapolation, i.e., all missing fo points were filled in by linear interpolation and 272 

missing points at the edges were filled in by linear extrapolation using a constant based on the 273 

first/last available fo point. Thereafter, the fo contour was smoothed using kernel density estimation 274 

(KDE, Silverman, 1986). The outcome of the KDE method was multiplied by the smoothing factor. 275 

This provides additional control over the smoothing accuracy, with lower smoothing values leading 276 

to more accurate but less smooth tracking of the measured fo values, and higher smoothing values 277 

leading to less accurate tracking and smoother contours. Not all fo values could be tracked; this was 278 

shown in the sampling plots and unavailable data (NAs) were written to the output file. The 279 

application automatically rejects observations with NAs. After the data cleaning procedure, 185 fo 280 

contours out of 255 question IPs were left for analysis. The fo values measured in Hertz were 281 

converted to ERB and they were normalized for speakers using z-transformation to account for 282 

differences in overall fo level and range (Rose, 1987). The ERB scale was preferred for comparing 283 

falls and rises on perceptual grounds (Jeon and Heinrich, 2022).  284 
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Complete linkage hierarchical clustering was carried out using Contour Clustering (2025-03 285 

version; Kaland, 2021) based on Euclidean distances. These settings were chosen as the default, as 286 

they perform reasonably well across languages (Kaland, 2023a, b). The number of clusters varied 287 

over the course of a series of cluster analyses (henceforth ‘rounds’). This process requires users to 288 

adjust various parameters (e.g., the range of the number of clusters) and generate a clustering plot 289 

for each round. The range of number of clusters (i.e., the minimum and maximum numbers of 290 

clusters expected) was set from two to eight. The ideal number of clusters was determined by 291 

outputs of clustering and random forest (Section III. A). In the clustering and evaluation process, 292 

users must note that outcomes are solely based on the numerical properties of the fo contours. For 293 

linguistic analysis, it is recommended that users check plots and data distribution across outcome 294 

clusters for each round (Kaufman and Rousseeuw, 1990; Scitovski et al., 2021). 295 

E. Random Forest 296 

A series of random forest analyses was carried out for each round of clustering using R version 297 

4. 4. 0 (R Core Team, 2024), R Studio Build 561 (R Studio Team, 2023) and the package “ranger” 298 

(Wright and Ziegler, 2017). The response variable was the fo clusters for each clustering round 299 

(between two and eight clusters), and the predictors were speaker (24 speakers), variety (two levels: 300 

CC, GS), question type (three levels: polar, wh, alternative), and the interaction between variety and 301 

question type. In addition, a random control predictor was added as a reference for a plausibility 302 

check in interpreting the importance of other predictors by sampling a random number from one to 303 

ten (with replacement) for the total number of observations (185 times). Given its randomness, the 304 

control predictor is not expected to improve the prediction on clustering outputs and should 305 

therefore have a low importance value (< 0). Variable importance values of predictors that lie 306 

around or below the control predictor indicate that the predictors concerned do not affect the 307 
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response variable, which was the clustering outcome (see Kaland et al., 2021 for the same 308 

procedure). 309 

The number of trees in the analysis was increased in steps of 10,000, starting from 10,000 trees. 310 

This procedure enables an assessment of the stability of variable importance values. If repeating the 311 

random forest analysis with a certain number of trees shows different rankings across the rounds, 312 

the number of trees is too low. The variable importance of the predictors reached a stable ranking 313 

around 50,000 trees, which was taken as the final number of trees throughout the clustering rounds. 314 

The number of randomly preselected predictors in the tree-building process was set to the square 315 

root of the total number of predictors in the analysis (√5), and variable importance mode was set to 316 

“permutation”. These settings are recommended for analyses with correlating predictors (Strobl et 317 

al., 2008; Strobl et al., 2009). 318 

F. Manual analysis 319 

H.-S. Jeon carried out manual classification of the fo contours associated with the IP-final 320 

syllable. The results of clustering and random forest (Section III. A) highlighted the differences in 321 

the fo level over multisyllabic domains (i.e., IP-final two or three syllables) across the clusters, while 322 

we were also interested in the IP-final fo patterns specifically associated with the final syllable. It was 323 

possible to carry out further contour clustering only for IP-final syllables; however, in a preliminary 324 

analysis of a data subset, the clustering output largely differentiated fo levels rather than the contour 325 

shape (Jeon et al., 2024). The contour shape was classified as fall (F), rise (R), mid (M), and short rise 326 

(sR). The sound files and TextGrids were examined using Praat version 6.1.16 (Boersma and 327 

Weenink, 2023) and the classification was based on the visible fo track (range 60–500 Hz, raw 328 

autocorrelation) and perceived intonation. While the four-way classification was feasible for the 329 

present data, using the IP tone inventory of K-ToBI (Jun, 2000) was problematic for two reasons. 330 

First, there were cases with a flat stretch of fo near the mid-level of the speaker’s fo range, as noted in 331 
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the literature (Lee, 1999; Kim, 2003; Lee, 2007). Using two tonal targets, H and L, would implicate 332 

some kind of phonological categorization of these cases which we intended to avoid. Therefore, a 333 

flat stretch of fo around the mid-level of the speaker’s fo range was annotated as M. Second, while the 334 

timing of the fo turn is crucial for differentiating some IP boundary tones (e.g., H% for a rise vs 335 

LH% for a late rise), the turning point was often difficult to locate, owing to consonantal 336 

perturbation. Finally, the sR label was used for a fo rise followed by a fo dip at a latter part of the IP-337 

final syllable (i.e., a rise-fall-rise), a short rise constituting the last portion of the IP-final fo. The short 338 

rise could be interpreted as a complex HLH% boundary tone in the K-ToBI inventory. However, 339 

the short rise seemed to differ in its phonetic shape from the schematic representation of HLH% 340 

and their canonical realizations in Seoul Korean (Jun, 2000) which shows a large excursion for the 341 

fall-rise portion.  342 

III. RESULTS 343 

A. Statistical analysis results 344 

The number of question IPs was similar across CC (n = 95) and GS (n = 90). The majority were 345 

polar questions (n = 105) and wh-questions (n = 75). There were only a few alternative questions (n 346 

= 5). The frequency distribution across speakers was uneven. For CC, three speakers produced 62% 347 

of the question IPs (19−20 IPs from each speaker); others produced only two to eight question IPs. 348 

For GS, three speakers produced 46% of the question IPs (10−22 IPs from each speaker); others 349 

produced one to nice question IPs. 350 

 351 
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 352 

FIG. 1. Sample fo contours for (a) a rise (R), [is*ᴧ] to be + INT, (b) a fall (F), [s*ᴧɯlk*ɑ] PAST + 353 

INT, (c) a mid-tone (M) [ɾomwᴧhɛ], by what-do-INT and (d) a short rise (sR) [pwɑs*ᴧ], see + 354 

PAST + INT. Figure created using "praatpicture" version 1.5.0 (Puggaard-Rode, 2024). 355 

 356 

The optimal number of clusters identified based on minimal description length (MDL, Rissanen, 357 

1978) was five. The MDL is based on a measure of information cost (Kaland and Ellison, 2023). 358 

However, the six-cluster output was chosen for interpretation to allow examination of falling 359 

contours, which were expected for GS and of our interest. The six-cluster output (FIG. 2) captured 360 

useful fo variation not shown in the outputs with fewer clusters. However, for the four-cluster output 361 

(see OSF), falls were not clearly visible in the clusters while one of the clusters (n0 = 51; n0 refers to 362 

one large cluster which was split into n1 and n2 in the subsequent round) showed wide variance, 363 

possibly including falls. In the five-cluster output, the large cluster (n0 = 51) was divided into two 364 

clusters (n1 = 46, n2 = 5), but one of them (n1 = 46) still showed wide variance. However, for the 365 

six-cluster output (FIG. 2), the large cluster (n1 = 46) from the four-cluster round was divided into 366 

clusters 1 (n = 30) and 4 (n = 16), cluster 4 showing a falling averaged fo contour.  367 

For interpreting the clustering output (FIG. 2), we focus on the latter half of the averaged 368 

contour as fo patterns associated with the IP boundary, because the measurement was taken over the 369 

two or three syllables. Each cluster in FIG. 2 is labelled for the level (e.g., low/mid/high/top) 370 

relative to speakers’ fo range and the fo movement pattern (rise/fall/flat) at or towards the end of the 371 

averaged contour. The latter part of the averaged contours showed distinctive movement patterns 372 
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across the six clusters. While each cluster was labelled for the averaged contour of the latter portion 373 

for convenience, it is important to examine standard deviations (FIG. 2); for instance, cluster 1 374 

could include a rising, flat or falling contour, while a flat contour followed by a gentle rise 375 

represented as the average contour may have been frequent.  376 

For cluster 1 (high-flat/rise), the averaged contour shows a gentle rise towards the end to a high 377 

level, but its slope is not as salient as what is shown in other clusters with a fall or a rise. Therefore, 378 

it was labeled as high-flat/rise. For cluster 2 (low-flat), the latter portion of the fo contour is flat at 379 

the low level. For cluster 3 (high-rise), the fo contour shows a steep rise to the high level. For cluster 380 

4 (mid-fall), the fo contour gently falls towards the end with a short flat stretch. For cluster 5 (high-381 

fall-rise), the fo contour falls from a high level and there is a small rise at the end; the contour begins 382 

from a high level, but there was a high deviation towards the end. Therefore, a manual examination 383 

was carried out for each IP for cluster 5. In all tokens, the large deviation was due to consonantal 384 

perturbation, and there was a fo rise in the IP-final syllable. For cluster 6 (top-rise), the fo contour 385 

rises to a level higher than what was shown for clusters 1 (high-flat/rise) and 3 (high-rise).  386 

The frequency distribution of fo contours across the clusters was non-uniform (FIG. 2); the 387 

majority of fo contours were in cluster 2 (n = 110, out of 185 contours). That is, the majority were 388 

near the middle of the speaker’s fo range.  389 

Importantly, the random forest outputs (FIG. 3) identified the variety × question type 390 

interaction, speaker, question type, and variety as important predictors. The output of the four-391 

cluster round corroborates that the four clusters were not optimal; the random number predictor 392 

was identified to be important (> 0). For the five-cluster round, the order of importance was variety 393 

× question type (highest importance) > speaker > question type > variety (lowest importance), and 394 

the random number (< 0) worsened the prediction. For the six-cluster round, the order was variety 395 

× question type (highest importance) > variety > speaker > question type (lowest importance). The 396 
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random number (< 0) worsened the prediction. On the other hand, having seven clusters seemed 397 

superfluous; all predictors worsened the prediction of the cluster grouping (variable importance for 398 

all predictors < 0).  399 

The importance of the speaker predictor seemed to be a by-product of the uneven distribution 400 

of contours. The speaker distribution across the clusters is available as supplementary materials (see 401 

OSF). The largest cluster 2 (n = 110, low-flat, FIG. 2) contained fo contours from all speakers except 402 

for two GS speakers, and therefore, the speaker would not be a determining predictor. On the other 403 

hand, smaller clusters included contours from a few speakers, showing cluster-speaker association. 404 

Two speakers (out of 24) contributed to only one cluster and 12 speakers contributed only to two 405 

clusters.  406 

The frequency of fo contours in each cluster by variety and question type is provided in the 407 

supplementary materials (see OSF). There were only a few alternative questions (n = 5) found in 408 

cluster 1 (high-flat/rise) for CC, cluster 2 (low-flat) for CC and cluster 4 (mid-fall) for GS. Both 409 

polar and wh-questions were in both varieties for cluster 1 (high-flat/rise), cluster 2 (low-flat), 410 

cluster 3 (high-rise) and cluster 4 (mid-fall). For cluster 5 (high-fall-rise), only polar questions were 411 

observed for both varieties, but the falling portion in the fo contours was caused by consonantal 412 

perturbation as discussed earlier. For cluster 6 (top-rise), both polar and wh-questions were 413 

observed for CC, but only polar questions were observed for GS. This distribution for cluster 6 414 

(top-rise) suggests a variety × question type interaction. However, this cannot be confirmed due to 415 

the low number of contours (n = 6).  416 

Finally, instances of multitonal IP-boundary tones, LHL%, HLH%, LHLH%, LHLH% and 417 

LHLHL% in the K-ToBI inventory (Jun, 2000) did not seem to have frequently occurred. The 418 

clustering outcomes (FIG. 2) showed differences in the fo level and movement pattern across the 419 

clusters and the latter portion of the averaged contour included only a rise (clusters 1, 3, 5 and 6), a 420 
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flat stretch (clusters 1, 2), and a fall (cluster 4). While this finding does not indicate that the 421 

multitonal boundary tones did not occur at all, probably the contrast between monotonal (e.g., L%, 422 

H%) and multitonal tones was not salient or necessary for grouping fo contours based on acoustic 423 

similarity and frequency.  424 

 425 

 426 

FIG. 2. Contour clustering output with six clusters showing the averaged fo contour and standard 427 

deviation for each cluster. The x-axis shows the normalized time and the y-axis shows the 428 

normalized fo, with zero indicating the middle of the speaker’s fo range. Each cluster is labelled for 429 

the level (e.g., low/mid/high/top) relative to speakers’ fo range and the fo movement pattern 430 

(rise/fall/flat) at or towards the end of the averaged contour. (Color online) 431 
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 432 

FIG. 3. Random forest outputs for four-, five-, six-, and seven-cluster rounds, abbreviations: variety 433 

× question type interaction term (var.q), and random number (rnd).  434 

 435 

It is postulated that the level differences in FIG. 2 were linked to a range of factors such as the 436 

AP-initial segment type, presence of a pitch accent in GS, the uncontrolled focal structure in the 437 

utterance, and speaker-specific behaviors. The findings informed the following analysis focusing on 438 

the IP-final syllable. For example, it appeared to be necessary to annotate flat fo stretches represented 439 

in the averaged fo contour for the largest cluster 2.   440 

B. Manual analysis of IP-final syllables 441 

The most frequent fo pattern for the IP-final syllable was a rise (R, CC, n = 82; GS, n = 51) 442 

followed by a fall (F, CC, n = 10; GS, n = 11). Some IP-final syllables had a flat fo stretch at the mid-443 

level (M, CC, n = 3; GS, n = 8). The short rise (sR, a rise followed by a dip in the latter part of the 444 

syllable, creating a short rise towards the end) was observed only for GS (n = 19). Chi-square test 445 

results showed that the variety (χ2 = 28.57, df = 3, p < 0.001) and question type (χ2 = 16.05, df = 6, 446 

p = 0.01) predictors were related to the fo pattern classification. 447 

FIG. 4 presents the relationship between the manual annotations and the clustering outcome. 448 

Because the fo contour level over the IP-final two or three syllables was an important determiner for 449 

the clustering outcome, it does not always correspond to the manual annotations for the IP-final 450 
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syllable focusing on the fo movement direction (e.g., R is not always in the clusters with an averaged 451 

contour with a final rise). Rises and short rises were observed across the six clusters. On the other 452 

hand, IP-final falls were found across only three clusters (cluster 1, high flat/rise; cluster 2, low-flat; 453 

and cluster 4, mid-fall). The flat mid-level tones were found in cluster 2 (low-flat) and cluster 3 454 

(high-rise).        455 

FIG. 5 shows the potential source of interaction between the variety and question type (Section 456 

III. A). While a rise was frequently used by CC speakers across question types, GS speakers’ 457 

production seemed to be more affected by question types. For alternative questions, three CC 458 

speakers produced them with a rise (n = 4) and there was only one token with a fall for GS.  459 

For polar questions, for CC (n = 49), only one speaker produced a few tokens with a fall. Yet for 460 

GS (n = 56), the fall was observed across five speakers. For a flat fo stretch at the mid-level, only two 461 

GS speakers produced it. A short rise was produced by five GS speakers. That is, while an IP-final 462 

rise was the most common for both varieties, half of GS speakers also produced IP-final falls. 463 

Moreover, the flat fo stretch and short rise were observed only for GS.   464 

For wh-questions (CC, n = 42; GS, n = 56), only one CC speaker produced a fall, while there 465 

were two GS speakers who produced a fall. The flat fo stretch at the mid-level was produced by one 466 

CC speaker, and by two GS speakers. Although a rise was most common for wh-questions across 467 

the varieties, it was produced by eight CC speakers and by four GS speakers. Finally, five GS 468 

speakers produced a short rise for wh-questions. For GS, more speakers produced IP-final syllables 469 

with a short rise compared to a rise. 470 
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 471 

FIG. 4. Count and proportion of manually annotated IP-final fo contour shapes, Fall (F), Mid (M), 472 

Rise (R) and Short Rise (sR) for each cluster. The x-axis shows semi-automatically classified clusters 473 

1−6.  474 

 475 

 476 

 477 

FIG. 5. Frequency of IP-final fo contour shapes (Fall, Mid, Rise and Short Rise) for varieties and 478 

question types. Each bar represents one speaker.  479 

 480 
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IV. DISCUSSION 481 

This study examined dyadic conversational speech data in CC and GS varieties of Korean. The 482 

CC variety does not have lexical pitch accent, stress or tones, while the GS variety has lexical pitch 483 

accent. The traditional account suggests that, for questions, CC mainly uses a final rise and GS uses 484 

a fall. The first aim of the study was to test the use of contour clustering and random forest for 485 

exploring fo contour variation in unscripted speech data, complemented with manual classification of 486 

IP-final fo contour shapes. While clustering of fo contours over the multisyllabic domain (i.e., IP-final 487 

two or three syllables) revealed grouping based on numerical similarities related to both fo level and 488 

IP-final fo pattern, manual analysis was akin to traditional prosodic analysis identifying the fo pattern 489 

associated with the IP-final syllable regardless of the fo level. The second aim was to assess the 490 

dialectal difference in question intonation between CC and GS. GS is known to frequently use 491 

falling intonation regardless of sentence modality and its lexical pitch accent may affect scaling of 492 

IP-final fo. Therefore, a wider variation was expected for GS compared to CC. The findings support 493 

the hypothesized interaction between variety and question type (alternative, polar and wh-questions).  494 

A. Clustering and manual analysis 495 

The outcomes of semi-automatic clustering and manual analyses revealed different aspects; the 496 

clustering outcome showed an overall distribution and grouping of fo contours mainly for their levels, 497 

and manual analysis focused on the fo patterns regardless of their level. 498 

Using the Contour Clustering application and built-in functions (Kaland, 2023a) first of all 499 

facilitated fo data processing; it was useful for identifying data points to be discarded and examining 500 

the effect of consonantal perturbation on the estimated fo contours (i.e., for cluster 5 in FIG. 2).  501 

Second, it allowed us to explore the distribution and grouping of fo contours over the 502 

multisyllabic domain (i.e., over IP-final two or three syllables). This process would have been labor-503 

intensive for entirely manual analysis. As the GS variety was known for using an utterance-final fo fall 504 
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for questions, unlike CC, which mainly uses a rise, we sought a cluster of falling fo contours. 505 

Informed by the output plots of clustering and random forest, having six clusters was deemed 506 

appropriate. The latter part of the averaged fo contours in the six clusters were distinctive from each 507 

other for their level relative to the speaker’s fo range and the movement pattern (FIG. 2); the 508 

averaged contour for cluster 1 showed a high-flat/rise, cluster 2 showed a low-flat pattern, cluster 3 509 

showed a high-rise with a steeper slope compared to cluster 1, cluster 4 showed a mid-fall, cluster 5 510 

showed a high-fall-rise (but the fall portion was related to segmental perturbation), and cluster 6 511 

showed a top-rise. The majority of fo contours (110 out of 185) were in cluster 2; its averaged 512 

contour showed a low-flat pattern (FIG. 2), but the cluster showed that speakers mostly produced fo 513 

contours at the mid-low range of their fo. Random forest outputs revealed that variety (CC, GS), 514 

question type (alternative, polar and wh-questions), and their interaction were important predictors 515 

as expected. The speaker variable also appeared to be an important predictor. The unbalanced 516 

speaker distribution, particularly for smaller clusters, is likely to be the cause. For instance, two 517 

speakers (out of 24) contributed to only one cluster and 12 speakers contributed only to two 518 

clusters. 519 

However, the clustering outputs presenting the averaged fo contour and its ‘cluster’, delimited by 520 

standard deviation, were not sufficient for detailed examination of cross-dialectal differences. For 521 

instance, an averaged high-rise contour for a cluster may represent a frequent contour, but the 522 

cluster can include flat or falling contours. The clustering outcome is influenced by frequency 523 

distribution in the dataset; an infrequent contour of a certain shape can form a cluster together with 524 

another set of contours that differ in their movement direction. Nonetheless, the clustering output 525 

highlighted differences in the fo level relative to speakers’ fo range, which were expected in unscripted 526 

speech, while the fo patterns near the right edge of the IP mostly seemed to include rises, falls and 527 

flat stretches. 528 
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In the manual analysis, each of the fo contours for the IP-final syllable was classified into a fall 529 

(F), a flat-stretch near the middle of the speaker’s range (M), a rise (R), and a short rise (sR, a rise 530 

followed by a dip in the latter part of the syllable, FIG. 1). This manual approach was feasible given 531 

the size of the current dataset (n = 185). The rises and short rises were generally classified into 532 

clusters represented with a final rise (FIG. 4). However, the falls and flat-mid contours were spread 533 

across clusters, probably due to their low frequency. The apparent discrepancy between contour 534 

clustering outputs (FIG. 2), which categorized most contours in cluster 2 (low-flat, n = 110), and the 535 

manual analysis, which classified the majority of IP-final fo patterns as rises (n = 133), require 536 

clarification. That is, users must note that the averaged contour in clustering outputs was statistically 537 

derived, with each cluster encompassing diverse contour shapes as indicated by standard deviation 538 

measures. The clustering outputs underscore the significance of speakers' f₀ level in the numerical 539 

classification of contours over the multisyllabic domain; on the other hand, the movement direction 540 

(i.e., rise, fall, and flat) may have occurred in small magnitudes with variability in slope parameters.    541 

For the speaker and question type predictors (FIG. 5), while the results did not provide strong 542 

evidence for GS speakers’ tendency towards using IP-final fo falls reported in the literature, 543 

distributional differences between the two varieties were nonetheless observed. A rise was common 544 

for both dialects, but GS speakers showed a high level of dispersion in fo patterns compared to CC 545 

speakers, as further discussed in Section IV. B. Further, a dialect-specific fo shape was noted; the 546 

short rise, an fo rise followed by a dip in the latter part of the syllable, was observed only for GS. The 547 

short rise could be interpreted as a multitonal boundary tone, HLH%, in K-ToBI (Jun, 2000). 548 

However, further research is required to clarify its function and potential phonetic difference from 549 

canonical realizations of the HLH% tone in Seoul Korean.   550 

B. The interaction between variety and question type 551 
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Most questions in the present data were polar questions (n = 105, 58%) and wh-questions (n = 552 

75, 41%). There were only a few tokens constituting alternative questions (n = 5, 3%). The frequent 553 

use of polar questions was also shown in Yoon’s (2010) Korean conversational data collected from 554 

family members or friends over tea or dinner (polar, n = 229, 70%; wh, n = 95, 29%; alternative, n 555 

= 2, 1%).  556 

The random forest analysis (FIG. 3) showed that the interaction between variety and question 557 

was an important predictor for the six-cluster output (FIG. 2). While the clustering output seemed 558 

to indicate a stronger preference for falls for GS compared to CC, the source of the interaction was 559 

not clear. That is, out of the six clusters, the averaged fo contour for cluster 4 showed a fall, which 560 

was expected for GS. While more GS speakers indeed contributed to cluster 4 (three CC speakers, 561 

six GS speakers), only 16 fo contours were in cluster 4. As the clustering was carried out for the 562 

multisyllabic domain, the interaction here could be interpreted such that speakers of the two 563 

varieties differed in their use of fo level and its pattern across the question types. 564 

When the frequency distribution of the variety and question type was examined (see Section III. 565 

A and OSF), both polar and wh-questions were observed across clusters 1, 2, 3 and 4 for both 566 

varieties. cluster 5 (n = 5) included only polar questions from both varieties (CC, n = 2; GS, n = 3) 567 

but its fo contour was perceptually a rise with its acoustic form influenced by consonantal 568 

perturbation. cluster 6 (n = 6), showing a high-rise, included both a polar (n = 1) and a wh-question 569 

(n = 1) for CC and only polar (n = 4) questions for GS; but again, the number of data points is not 570 

sufficient for a meaningful interpretation.    571 

The manual analysis results (Section III. B) revealed that the IP-final rises were the most 572 

common for both varieties, followed by falls. Flat fo stretches around the middle of the speaker’s 573 

range were also observed. Short rises (i.e., a rise followed by a dip in the latter part of the syllable) 574 

were observed only for GS.  575 
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Dialectal differences were found in terms of distributional properties, GS with high internal 576 

dispersion (cf. Henriksen, 2013). CC speakers mostly used a rise, whereas GS speakers’ productions 577 

included all four patterns. While IP-final rises were frequent for GS, half of the GS speakers also 578 

produced falls. The distributional difference seems to be the source of the interaction involving the 579 

variety and question type predictors. Notably, the findings indicate that dialectal differences reported 580 

in naturalistic settings may be driven by a subset of speakers. In the current analysis, three speakers 581 

from each dialectal group (representing 25% of each group) contributed a substantial proportion of 582 

the data analyzed (62% for CC, 46% for GS).   583 

Although only a few alternative questions were observed in the present data (i.e., three CC 584 

speakers with a rise, n = 4, and only one token with a fall for GS), the distribution of the contour 585 

pattern indicates the dominance of a rise for CC. For polar questions, the IP-final rise was most 586 

common for both varieties. For CC (n = 49), only one speaker produced a few IPs with a final fall. 587 

For GS (n = 56), a rise was dominant, but a fall was also common, produced by five speakers. Only 588 

two GS speakers produced a flat fo stretch at the mid-level and only five GS speakers produced a 589 

short rise. For wh-questions (CC, n = 42; GS, n = 56), although a rise was most common for both 590 

varieties, it was produced by eight CC speakers, and by only four GS speakers. Only one CC speaker 591 

but two GS speakers produced falls. The flat fo stretch at the mid-level was produced by one CC 592 

speaker and two GS speakers. More GS speakers produced IP-final syllables with a short rise 593 

compared to a rise.  594 

To recapitulate, the present findings do not strongly support the traditional account of GS 595 

intonation that the IP-final fall is dominant regardless of sentence modality. The discrepancy may be 596 

partly attributed to the observation for read speech in previous work and the use of conversational 597 

speech in the present corpus analysis. In laboratory-based investigations, speakers who have a strong 598 

regional identity are recorded reading materials designed to have dialectal features, and the 599 

https://doi.org/10.1121/10.0037191


 
 
 
 
Jeon, H.-S., Kaland, C., & Grice, M. (2025) Question intonation in conversational speech: Chungcheong and Gyeongsang varieties of Korean. J. 
Acoust. Soc. Am., 158 (1): 684–696. https://doi.org/10.1121/10.0037191 

 

29 
 

experimenter may encourage speakers to use their dialect and may even discard unsatisfactory 600 

tokens. Furthermore, read speech is stylistically different from conversational speech. It is well 601 

known that speech style, such as the level of formality in the situation of language use (Labov, 1994), 602 

affects speakers’ use of intonation (Henriksen, 2013). For instance, Bari Italian speakers tend to use 603 

rising-falling intonation in unscripted speech, but when reading a transcript of a dialogue they tend 604 

to append a rise, resulting in a rising-falling-rising intonation (Grice, Savino and Refice, 1997). 605 

Similarly, Cruttenden (2007) reports that a Glaswegian English speaker produced a rising or rising-606 

slumping intonation pattern, which is a characteristic of the regional variety, as default for 607 

conversational speech, while she used a falling tune as default in read speech. For the present data, 608 

interlocutors knew each other well and their task was unscripted as well as more informal than the 609 

tasks that are employed in typical experimental settings.  610 

The present findings have implications for cross-linguistic tendencies. The frequent use of a final 611 

rise to a high pitch in questions has been linked to the biological ‘frequency code’ (Ohala, 1983; 612 

Gussenhoven, 2002). The assumption is that smaller larynxes produce a higher pitch compared to 613 

larger larynxes, and that this association may have played a role in the evolution of the distributional 614 

bias, expressing ‘uncertainty’ with a high pitch in questions and ‘certainty’ with a low pitch in 615 

asserting statements. However, this distributional bias interacts with linguistic structures; it has been 616 

argued that, cross-linguistically, polar questions are often marked with a rise, while wh-questions are 617 

commonly produced with a fall. The logic is that once the lexical cue, such as a wh-word is present, 618 

there is less need for exploiting the intonational cue (Frota, 2002; Kohler, 2004). The present 619 

findings are in line with this description. The present-day GS variety does not seem to form a clear 620 

exception (as in some African languages with falling ‘lax’ endings, Rialland, 2009) to the trend 621 

frequently associating polar questions with a rise. Speakers of CC, in which morphological cues for 622 

questions are often ambiguous, constantly preferred a rise across question types. On the other hand, 623 
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speakers of GS, in which statements, wh-questions and polar questions can be differentiated by 624 

sentence-final particles, produced more varied fo contours, particularly for wh-questions. This may 625 

suggest that the availability of morphosyntactic cues to question marking increases the range of 626 

intonational forms from which speakers can select.  627 

Finally, the role of lexical pitch accent requires further investigation using both acoustic and 628 

perceptual methods. The varying pitch accent location in GS utterances may have contributed to the 629 

wider variation in fo patterns and the use of the high level found in GS. Furthermore, it is possible 630 

that the frequent falls in GS reported in the literature were also susceptible to the effect of lexical 631 

pitch accent. In some studies, any fo pattern not showing a clear rise could have been classified as a 632 

fall. For instance, Lee (2007) reported that questions were characterized by a relatively high fo and a 633 

rise, while statements tended to have a lower final fo for GS. This may be relevant to the present 634 

finding that only two out of six GS speakers’ fo contours were grouped into the largest cluster 2 near 635 

the middle of the speakers’ range. Most GS speakers in the present study produced high-level fo for 636 

questions. However, some fo tracks in Lee (2007) seemed to be subject to different interpretations. 637 

For instance, while the question in FIG. 6 ends in a high fo, the rise is not salient. This boundary tone 638 

may be labelled as H% and interpreted as a rise, but listeners may also claim to perceive a fall from 639 

the penultimate syllable, which carries the peak of the lexical pitch accent, interpreting the final tone 640 

as L%. However, if the question and the statement in FIG. 6 are paired, then probably the statement 641 

is more likely to be perceived as having a fall (L%) due to the steeper slope of the falling portion, 642 

although the fo rises towards the end. Even for the statement, fo does not fall to near the bottom of 643 

the speaker’s fo range, probably due to the presence of the lexical pitch accent.  644 

In sum, for IP-final fo patterns, while a rise was most common for both varieties across the 645 

question types, GS showed more dispersion compared to CC. The interaction between the variety 646 

and question type shown in the clustering output indicates potential cross-dialectal differences in the 647 
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use of fo level and shape over several syllables. Furthermore, descriptions of GS intonation in the 648 

literature may confound the local fo movement and variation in the fo level related to the placement of 649 

lexical pitch accent or other factors. Further investigation is required to clarify dialectal differences in 650 

the use of overall fo level and how far speakers make use of global fo, trends such as declination and 651 

final lowering (see Ladd, 2008) as a way of differentiating utterance modalities  652 

  653 

FIG. 6. Schematic representation of question (thick line) and statement (dotted line) intonation in 654 

North GS for /nɑmujo/ (‘(it is) a tree.’ or ‘(is it) a tree?’ tree + POL) based on Lee’s (2007) data.  655 

V. CONCLUSION 656 

This study used unscripted conversational speech data to investigate differences in question 657 

intonation between two Korean varieties. The data represented a high-level of ecological validity 658 

with dialectal and between-speaker variation in an unevenly distributed dataset. Semi-automatic 659 

analysis, using agglomerative hierarchical clustering and a random forest analysis, was carried out for 660 

fo contours over IP-final two or three syllables. These techniques were useful for data processing and 661 

for examining fo variation. Subsequently, a manual analysis was carried out for IP-final syllables, 662 

classifying fo patterns into a rise, a fall, a flat stretch and a short rise (FIG. 1). The present approach 663 

can be extended to further examine the relationship between intonation and different utterance 664 

modalities, morpho-lexical properties, and speakers’ stance (Kohler, 2004). This novel way of 665 

analyzing intonation may enable us to address the long-standing dilemma in the field, whereby 666 

researchers are forced to choose either the linguistic analysis overlooking phonetic details or the 667 
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purely phonetic analysis neglecting the communicative and linguistic roles of intonation (t’ Hart et 668 

al., 1990, Section 1.1).    669 

Overall, the results here support distributional approaches, showing cross-dialectal differences in 670 

preferences for IP-final fo contours, which might be driven by a subset of speakers (Savino, 2012; 671 

Henriksen, 2013) rather than a one-to-one mapping between a particular variety and its default 672 

pattern. The variety and question type predictors interacted; the interaction was an important 673 

predictor for the clustering outputs, which classified fo contours differing in their level and 674 

movement patterns (rise, flat and fall). For IP-final syllables, the most frequent fo contour shape was 675 

a rise, this was followed in frequency by a fall for both varieties. However, the GS speakers’ choice 676 

of fo pattern showed more dispersion. While a rise was commonly used across the two question types 677 

for CC, the question type seemed to affect the contour selected by GS speakers: both a rise and a 678 

fall were commonly used in polar questions, a short rise was more common than a regular rise in 679 

wh-questions.  680 
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ENDNOTES 696 

1 The particle type affects speakers’ choice of intonation (Yun, 2023a). The particle type effect is 697 

not reported in the present analysis, because the data were not sufficient for a meaningful analysis. 698 

Analysis results incorporating the particles are available on the OSF repository (supplementary 699 

materials B).  700 

2 GAMM can be used in a complementary manner, making it possible to visualize averaged fo 701 

contours with standard deviations and differences between contours (see Kaland et al., 2023; 702 

Steffman et al., 2024). However, reducing fo contours to one representative contour for each level of 703 

predictors was deemed inappropriate for the present dataset, with a high degree of between- and 704 

within-speaker variation in both the frequency and shape of fo contours. Variation of fo contour 705 

shapes could lead to misleading representations of intonation by, for instance, showing a flat fo 706 

contour averaged across rises and falls. 707 

3 Supplementary materials, including data and analysis codes, are available at 708 

https://osf.io/5xnf2/ (doi: 10.17605/OSF.IO/5XNF2). 709 

4 Abbreviations used for gloss: INT (intimate), POL (polite), Q (question) 710 
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