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Abstract 
It is well known that there is a positive correlation between 
fundamental frequency and vertical larynx position. Recently, 
Lee (2018) observes that one vertical larynx movement (VLM) 
is associated with an Accentual Phrase (AP) in Seoul Korean. 
The current study builds on these findings by investigating the 
effect of prosodic focus on vertical larynx actions. Target 
sentences were designed to produce four APs (e.g., Joohyun 
sold six yards of shabby garden field; AP[Joohyun-SUBJ] 
AP[shabby garden field] AP[six yards-OBJ] AP[sold-DECL], 
presented in Korean) and were used to elicit focus on the initial 
word of the object phrase (e.g., six). Articulatory data on VLM 
is obtained from five Seoul Korean speakers using real-time 
MRI. Results indicate that quantifiable VLMs observed for 
each sentence range from 3 to 6 movements, with 4 movements 
per sentence being the most frequent. Sentences with focus 
have more instances of VLM per sentence than those without. 
Focused sentences exhibit significantly greater vertical larynx 
displacement around the region of focus than the control. Our 
findings have implications for prosodic planning and pitch 
resetting, and ongoing analyses examine how VLMs align with 
Accentual Phrases in Seoul Korean and correlate with 
fundamental frequency. 
Index Terms: speech articulation, speech imaging, real-time 
MRI, articulatory phonology, vertical larynx actions, prosody 

1. Introduction 
Vertical larynx height has been investigated with a direct 
comparison to fundamental frequency (f0), relating f0 values to 
the absolute vertical larynx positions in the vocal tract [1, 2, 3, 
4, 5, 6, 7]. However, most work was limited to the static larynx 
data, and only a few studies have examined dynamic actions of 
vertical larynx positions, let alone vertical larynx activities in 
the context of prosodic variation.  

In our recent studies on the effect of prosody on vertical 
larynx actions, we have quantified dynamic actions of vertical 
larynx movements observed at varying phrasal positions [8, 9], 
and found that one vertical laryngeal movement roughly 
corresponds to a single prosodic constituent [10, 11]. Building 
on these findings, the current study examines kinematic 
characteristics of vertical larynx (LX) gestures in sentences 
with or without prosodic focus, extending our preliminary 
analysis in [12]. 

Previous studies suggest that vertical larynx actions are 
controlled in order to manipulate pitch or tonal sequences. 
However, spatial aspects of articulatory information are often 
overlooked when identifying phrase boundaries, while changes 
in pitch range or boundary-adjacent lengthening are considered 
as indicators of prosodic phrase edges. The current study aims 

to find laryangeal correlates of prosodic grouping in spoken 
utterance. 

An Accentual Phrases (AP) in Seoul Korean is a prosodic 
phrasal unit that is defined by a regular tonal sequence of 
LH(LH) [13, 14]. In addition to the tonal target in the AP-initial 
syllable depending on the phrase-initial consonant type (tense 
consonants associated with a high f0 of the following vowel, 
and lax consonants with a low f0), the phrasal tonal shape of 
(L/H)HLH surfaces. 

However, no quantification method is currently available 
for labeling Accentual Phrases. The most common labeling 
convention is to listen to the production and determine AP 
boundaries with the reference to f0, but the perception of the 
boundaries vary across and within speakers even with slight 
changes in speech rate. 

The current study examines articulatory correlates of 
prosodic constituents with a focus on vertical larynx actions in 
Korean sentences with multiple APs. Real-time Magnetic 
Resonance Imaging (rtMRI) which images the entire vocal tract 
during speech production enables a quantitative assessment of 
non-oral gestures such as larynx and velum. Using state-of-the-
art rtMRI data from native Seoul Korean speakers, this study 
presents dynamic changes of vertical larynx actions as an effect 
of prosodic focus. This study examines how prosodic focus 
modulates vertical larynx motions in a language with a 
linguistic constituent that is prosodically defined. The number 
of vertical larynx gestures in a sentence are measured to see if 
this LX count correlates with predicted number of Accentual 
Phrases. We hypothesize that vertical larynx gestures contribute 
to prosodic groupings, and that the number of quantifiable LX 
gestures is equivalent to the number of predicted APs in a 
sentence. 

Lastly, the spatial properties of vertical larynx actions are 
analyzed to examine the effect of prosodic modulations (via 
focus) on laryngeal articulatory dynamics. The presence of 
focus may reshape the AP structures affecting vertical larynx 
dynamics. We predict that sentences with focus will be 
produced with potentially greater LX magnitudes than the 
sentences without such focal prominence. 

2. Methods 
Articulatory data were obtained by five native speakers of Seoul 
Korean (2 female, 3 male), with their age ranging from 25 to 31 
at the time of the data collection. Target stimuli included 
sentences with or without a phrase-initial focus with a fixed 
syntactic structure. All target sentences consisted of five words, 
in the order of subject, adjective, noun, object, and verb. Given 
the identical syntactic structure of the utterances, focus was 
elicited by instructing the participants to produce the sentence 
with an emphasis on the initial word of the object, placing a 
corrective focus on the number classifier (“six”). An example 
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target sentence (with the utterance-medial focused word in 
bold) is shown in (1). 

 
(1)  AP[Joohyun] AP[shabby garden field] AP[six yards]   AP[sold] 

   SUBJ           ADJ     NOUN               OBJ                 VERB 
‘Joohyun sold six yards of shabby garden field.’ 

 
As indicated in (1), the target sentences are predicted to have 
roughly four APs, while some variations can be observed due 
to speech rate. At a slower speech rate, each word can be 
produced as one AP, resulting in five APs per sentence instead 
of four. At a faster rate, there can be fewer APs per sentence. 
We observed cases where the object and the verb at the end of 
the sentence form a single AP, resulting in a total of three APs 
per sentence. There were nine different tokens with variations 
in the content words. Each sentence was repeated 8 times per 
speaker (7 repetitions for one speaker) for both focus and non-
focus conditions. A total of 702 sentence tokens were collected 
and analyzed (2 conditions x 9 items x 8 repetitions x 4 speakers 
+ 2 conditions x 9 items x 7 reps x 1 speaker). 

2.1. Data acquisition 

Real-time MRI (rtMRI) data of the midsagittal vocal tract and 
simultaneous audio recordings were acquired using an rtMRI 
protocol developed for speech production research [15, 16]. 
Speech imaging data were acquired with a field of view of 200 
x 200 mm, a spatial resolution of 84 x 84 pixels, and a temporal 
reconstruction rate of 83 frames per second [17, 18]. The 
imaging data included the entire midsagittal plane of the human 
vocal tract, allowing dynamic visualization of both the lingual 
and larynx articulation. Data collection followed the approved 
IRB protocol at the University of Southern California. 

2.2. Data analysis 

Articulatory landmarks of the vertical larynx (LX) gesture 
included i) the onset position (the start of the raising movement) 
and ii) its maximum raising position. Kinematic trajectories of 
the vertical larynx “centroids,” i.e., the pixel intensity-weighted 
center positions of an object that is closest from the selected 
point within a defined vocal tract region in the image, are 
computed using an automated centroid tracking tool, ACT [see 
19 for details]. A narrow rectangular vocal tract region was 
placed near the larynx mass in the image to track the vertical 
larynx movement to minimize the intrusion of the tongue root 
and the epiglottis into the region. Temporal landmarks of the 
LX gestures are captured using the MVIEW find_gest 
algorithm [20], with landmarks determined by the 20% 
threshold of the peak velocity of the movement. 

From the temporal landmarks of the quantified LX raising 
gestures, vertical displacement values from the movement 
onset to its maximum and the absolute movement onset 
positions of the LX gestures were obtained for analysis, as 
displayed in Figure 1. Vertical displacement indicates the 
relative magnitude of each LX gesture, and onset position is an 
absolute position of the LX in the vocal tract. Patterns of LX 
raising movements between sentences with prosodic focus and 
those without are evaluated using generalized additive mixed 
models (GAMMs) [21] with the significance level for statistical 
testing set at p < .05. 

 
Figure 1: LX spatial measurements. 

3. Results 
The quantifiable vertical larynx gestures identified via the 
movement velocity profile per sentence are presented in Table 
1. As predicted, the most frequent LX counts are four per 
sentence, which corresponds with the anticipated number of 
Accentual Phrases for a given sentence. For both focus and non-
focus conditions, each sentence has four LX gestures 60 percent 
of the time on average. Additionally, sentences with focus have 
more counts of LX gestures per sentence than the control; for 
example, there are twice as many sentences with 5 LX counts 
in the focus condition compared to the non-focus condition 
(24.5% vs. 13.7%, respectively). 

Table 1: LX raising movement counts per sentence.  

LX count 
per sentence 

Count (%) 
Focus Non-focus 

6 11 (3.1) 2 (0.6) 
5 86 (24.5) 48 (13.7) 
4 208 (59.3) 202 (57.5) 
3 46 (13.1) 99 (28.2) 

Total 351 (100) 351 (100) 
 
To connect the articulatory findings on LX patterns with the 
actual realization of APs, the perceived AP counts are 
determined and cross-checked by the two authors, who are 
ToBI-trained phoneticians and native speakers of Seoul 
Korean. For about 90 percent of the data, the produced 
sentences are perceived to be produced with four APs for both 
focus and non-focus conditions, as illustrated in Table 2. This 
confirms that the current stimuli set contains four APs per 
sentence regardless of the presence of the instructed focus. Both 
the articulatory LX counts and the perceived AP counts show 
that target sentences dominantly constitute four prosodic 
phrases (N.A. represents sentences that are omitted from 
identifying the number of APs due to speech disfluency). 

Table 2: Perceived AP counts per sentence.  

AP count 
per sentence 

Count (%) 
Focus Non-focus 

5 18 (5.1) 21 (6) 
4 323 (92) 315 (89.7) 
3 7 (2) 13 (3.7) 

(N.A.) 3 (0.9) 2 (0.6) 
Total 351 (100) 351 (100) 

3.1. Vertical larynx trajectory 

Figure 2 presents sample vertical larynx trajectories of 
sentences with the identical segmental makeup for focus versus 
non-focus conditions. As shown in the figure, both prosodic 
conditions have four LX raising gestures. When under focus, 
we observe a larger magnitude of the gesture contributed by 
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both the onset position and the maximum position. In the 
domain of focus on the third LX gesture (indicated by a red 
arrow in the left panel of Figure 2), the vertical displacement of 
the larynx gesture in pixel (px) is larger, accompanied by a 
lower absolute position of the movement onset followed by a 
higher peak position, compared to the third LX movement in 
the non-focus condition (indicated by a blue arrow in the right 
panel of Figure 2). 

 
Figure 2: Sample vertical larynx trajectories 

with 4 LX gestures (left: focus; right: non-focus). 

3.2. Vertical displacement 

The larynx displacement data from five speakers is presented in 
Figure 3. The LX displacement values visualized over 
normalized time using GAMMs indicate that there is a 
significant difference in displacement between focus and non-
focus conditions at around two thirds of the way through the 
sentence, corresponding to the domain of focal prominence (the 
range of the statistical significance indicated by the interval 
with dotted lines in Figure 3). Additionally, the LX 
displacement decreases over the course of the utterance. 

 
Figure 3: Overall LX displacement. 

3.3. Onset position 

Figure 4 displays the larynx movement onset positions obtained 
from five speakers. In the domain of the focus manipulation 
(i.e., 60% to 80% through the sentence), LX raising onset 
positions are significantly lower under prosodic focus than the 
control sentence with no focus. In addition to the displacement 
patterns reported in the previous section, this finding confirms 
that focus is realized both by lowering larynx at the initiation of 
focus and by increasing magnitude of larynx raising. 

 
Figure 4: Overall LX onset position. 

3.4. Individual speaker analysis 

Individual speaker larynx behaviors are presented in Figure 5. 
Overall, phrases under focus have greater vertical larynx 
displacement and lower onset positions, compared to the non-
focus condition (except for Speaker A). Moreover, across 
conditions, the LX displacement decreases over time through 
the sentence, indicating the diminished gestural magnitude near 
the end of an utterance. Despite this trend, the focused phrase, 
which is near the end of the utterance, still exhibits a larger 
displacement than that of its unfocused counterpart. As a whole, 
the results show that vertical larynx actions are spatially 
conditioned by the prosodic planning of focus implementation. 

 
Figure 5: LX displacement and LX onset position 

by each speaker. 
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4. Discussion 
This study presents spatio-temporal characteristics of vertical 
larynx actions related to the prosodic structure of Seoul Korean. 
Using real-time MRI data allowing for the detailed examination 
of non-oral articulators such as vertical larynx movements, we 
reveal the role of laryngeal gestures on realizing prosodic 
constituents and information highlighting. We devise an 
automated tool that quantifies kinematic characteristics of the 
LX, which is used to identify phrasal structures in a 
methodologically sounding way. Our findings via the 
methodological advance are a novel contribution for developing 
the models of prosodic systems, which, to date, has relied 
heavily only on the acoustic signal. 

First, we observe that each vertical larynx movement 
roughly corresponds to the linguistically meaningful 
phonological unit, in this case, an Accentual Phrase in Seoul 
Korean. Although LX height can be controlled and further 
modulated by many other factors (e.g., the tense and lax 
distinction for consonants, global tonal patterns, laryngeal 
consonants), our findings provide evidence that LX gestures are 
governed by the language’s prosodic system. 

Next, the patterns of LX gestures are modulated by prosodic 
variations such as focal prominence. The LX travels up further 
under the influence of focus than no focus. The realization of 
focus is also accompanied by the lowered absolute position of 
larynx raising onset. Focal prominence has been difficult to 
quantify in that it is sometimes realized with lowered pitch or 
raised pitch, in addition to potential increase in intensity or in 
the magnitude and/or duration of constrictions. The kinematic 
details of LX, i.e., the spatial characteristics of vertical larynx 
dynamics, provided in this study reveal the articulatory 
representation of focus implementation. 

Our findings further suggest that tonal adjustments can be 
modulated by vertical larynx dynamics. For example, there is a 
sudden increase in vertical larynx displacement and lowered 
LX onset position occurring in the domain of focus. This 
indicates that focal prominence may induce pitch resetting at 
the start of a new phrase. The LX height that affects the tonal 
register may cue the beginning of a new (focused) phrase, 
facilitating the perception of phrase boundaries. 

Lastly, the gradual decay in gestural magnitude of the LX 
raising over time may explain the gradual pitch declination over 
the course of an utterance an utterance, which is observed 
universally [22, 23, 24]. This implies how physical realization 
of laryngeal movements necessarily results in tonal downdrift. 

In most cases, we observe a single vertical larynx gesture 
associated with a single prosodic phrase, supporting the 
proposal of an articulatory reality of a phrasal constitute 
presented in our earlier study [10]. However, the number of 
observed LX gestures and the perceived number of APs do not 
always match (potentially due to the other factors that control 
LX dynamics, such as consonant type or tonal system). The 
results presented here are drawn from the articulatory data only, 
and additional analysis on comparing the f0 contour with the 
articulatory trajectories available from the current speech 
imaging data is currently underway. Measuring the number of 
APs per sentence (currently presented with the articulatory 
data) will be further supplemented by the f0 trajectory analysis. 
For instance, Figure 6 presents an example of f0 trajectories 
along with the LX trajectories of a sentence with 3 APs as well 
as 3 LX gestures (each phrase separated by dotted lines). This 
additional analysis step may clarify the mismatch between the 

production and perception. By investigating the relation 
between f0 and vertical larynx action, the question of whether 
there is a more direct association between a single vertical 
larynx gesture and a single prosodic phrase will be further 
examined. 

 
Figure 6: F0 contour aligned with the LX trajectory 
with 3 LX gestures (‘#’ indicates a word boundary) 

5. Conclusions 
This study provides evidence for articulatory realities of 
prosodic planning, by investigating the role of vertical laryngeal 
actions in prosodic organization and information. Specifically, 
the study examines the effect of focal prominence on vertical 
larynx actions to investigate articulatory contributions to 
prosodic phrasing. With the instrumental tool of real-time MRI 
speech imaging data and the observed vertical laryngeal 
control, our findings illuminate how prosodic information is 
manifested in the articulation of vertical larynx gestures. This 
work advances our understanding of the vertical laryngeal 
control in prosodic modeling and speech production. 
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