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Abstract 

This study investigates the temporal coordination of speech and 

co-speech gestures, focusing on how linguistic structure 

(particularly pragmatic and prosodic prominence) affects their 

alignment in Hungarian, a typologically distinct language 

relative to prior studies. Research has shown that gestures 

frequently align with prosodic prominence (mainly pitch 

accents) and discourse functions (especially focus). However, 

in discourse configurational languages such as Hungarian, 

where pragmatic prominence is primarily expressed through 

word-order modulation rather than obligatory pitch 

accentuation, the mechanisms of speech–gesture coordination 

remain unclear. Electromagnetic articulography data were 

collected along with acoustic and video recordings, testing the 

effect of pragmatic and prosodic prominence on gestural 

coordination. We examine which landmarks of consonant, 

vowel, and f0 gestures coordinate with which landmarks of 

pointing gestures and how the coordination is affected by varied 

discourse conditions. Preliminary results from one speaker 

show that the onset of the pointing gesture slightly precedes the 

onset of the target word, and the shortest and least variable 

temporal lag is between the targets of the pointing gesture and 

the vowel of the first syllable of the target word, regardless of 

prosodic prominence and information structure, indicating that 

it is these two landmarks that are coordinated. 

 

Index Terms: co-speech gestures, multimodality, information 

structure, f0, prominence, articulatory kinematics, Hungarian 

1. Introduction 

This study examines the coordination of speech and co-speech 

gestures in Hungarian. Previous studies have found co-speech 

gestures and prosodic prominence to co-occur with some 

systematicity [1-11]. Peak-to-peak alignment has often been 

reported with the target (maximum displacement, also called 

apex) of the co-speech gesture aligning with the pitch accented 

syllable [1-2, 6-9, 11]. In the absence of a pitch accent, co-

speech gestures may align with other landmarks (such as an 

accentless tone on the left edge of prosodic words in Turkish 

[2] and the focused word in Cantonese [12]) or show a tendency 

to start and end before and after the corresponding speech unit, 

referred to as containment [13-14]. If co-speech gestures are 

aligned with prosodically prominent units, the manner in which 

they are aligned is, conceivably, mediated through the prosodic 

system of the particular language (or even, as [15] argues, the 

gestural and prosodic systems are two realizations of the same 

multimodal system), possibly producing typological variation. 

Another element in speech and co-speech gesture 

alignment is pragmatic prominence. Studies report on the role 

of information structure, which pertains to the organization of 

information within an utterance (see [16]). Three core areas of 

information structure relate to (1) focus (the identification of the 

contextually most important or contrastive piece of information 

in an utterance), (2) topic (the matter under discussion), and (3) 

givenness (whether the utterance provides new or given 

information within its context). Research highlights the 

frequent occurrence of co-speech gestures with pragmatically 

more prominent units of speech. In particular, items in focus, 

new (rather than given) information, and to some extent topic, 

have been found to be frequent anchors of co-speech gestures 

[1-2, 14, 17-22]. Further, [1] show gesture peak alignment to be 

temporally closer with focus-related pitch accents than with 

background (non-focus) pitch accents. These findings 

demonstrate the strong connection between information 

structure and gesture. 

An open question concerns how prosodic and pragmatic 

prominences factor into alignment: since prosodic prominence 

is often elicited via focus, it remains difficult to evaluate if the 

close alignment observed occurs mainly due to information 

structural factors, prosodic factors, or a complex interplay of 

the two. Specifically, the questions are: (1) What speech and 

co-speech gestural landmarks coordinate in Hungarian? (2) 

(How) does pragmatic prominence related to information 

structure influence the coordination of speech and co-speech 

gestures? (3) (How) does prosodic prominence factor into 

coordination? (4) (How) do information structure and prosodic 

prominence co-influence coordination? 

The present study explores these questions, investigating 

coordination in varied focus and topic structures to examine the 

potential effect of different prominence types on gestural 

alignment. Alignment has been defined in a number of ways, 

including temporal overlap between prominent words or 

phrases and co-speech gestures [4] and co-occurrence within a 

specified amount of time, such as the average duration of a 

syllable [14]. In the present paper, the questions are probed 

through the lens of Articulatory Phonology [23-25], employing 

the theoretically established and computationally modelled 

definition of alignment called gestural coordination, where in-

phase coordination is considered the most stable (such as onset-

to-onset and target-to-target). The definition relies on the 

notion of stability in gestural coordination, i.e. finding the least 

variable temporal lag, which indicates a systematic relationship 

between landmarks (see also [7, 27-28]). 

The object language is Hungarian, a discourse 

configurational language in which pragmatic prominence 

relations are expressed primarily via word-order modulation 

[29-31]. Pragmatic prominence can additionally be expressed 

via pitch accentuation [32-33] and/or phrasing (i.e. the insertion 

of a pause before an expression to signal its prominence [34-

35], but pragmatic and prosodic prominence may also be 

separated [33, 36]. The examination of a typologically new 

language (relative to prior studies on speech-gesture alignment) 
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offers further cross-linguistic insight into the universal and 

language-specific aspects of alignment. 

2. Methods 

2.1 Participants and materials 

 

Seven native speakers of Hungarian participated in the study. 

Participants reported no speech impediments or hearing loss. 

They were compensated for their time and effort. The present 

paper reports preliminary results from one participant analyzed 

to date. 

The study designed conditions to test gestural coordination 

under five different pragmatic prominence conditions (focus: 

broad focus, confirmation focus, corrective focus; topic: 

aboutness, contrastive). For the purpose of another study, a 

further prosodic boundary condition and a condition without 

gesturing were collected as well. A target sentence was 

constructed with a contextually given target word (Mima 

['mimɒ]). The sentence functioned as the answer to context-

setting questions, and, via varying the questions, it was placed 

in different pragmatic contexts to elicit the correct 

interpretation for the different focus and topic types. In all non-

broad focus contexts, the target word was followed by the verb 

bebetonozta ‘cemented’ (1/a) and in broad focus and topic 

contexts, it was followed by betonozta be ‘cemented’ (1/b), the 

difference lying in the position of the verbal prefix be, reflecting 

the discourse-configurational nature of Hungarian word order 

[29-31]. In all conditions, the target word was preceded by the 

same sequence (ma [mɒ]). Lexical stress falls on the first 

syllable of the target word. Thus each sentence contained the 

sequence [mɒ mimɒ bɛ], allowing for a labelable sequence of 

consonants and vowels, and the sequence was voiced to allow 

for the labeling of f0. 

 
Ma     Mima         be- betonozta        a   hírnevét.                (1/a) 

Today Mima.NOM vpx-cemented.3pSg the reputation.3pPoss.ACC 

 “Today, Mima cemented her reputation.” 
 

Ma     Mima        betonozta        be  a   hírnevét.                 (1/b) 

today Mima.NOM cemented.3pSg vpx the reputation.3pPoss.ACC 
 “Today, Mima cemented her reputation.” 

 

The question-answer pairs were presented in blocks. Each block 

consisted of two question-answer pairs, presented multiple 

times in pseudo-random order and interspersed with fillers. 

Participants first read the pair silently, then produced it aloud. 

Each pair was repeated ten times, for a total of 50 sentences (5 

conditions x 10 repetitions). 

 

2.2 Data collection procedure 

 

Kinematic, visual, and acoustic data were collected at the EMA 

lab of the University of Michigan. Kinematic data was collected 

with a Carstens Medizinelektronik AG501 3D electromagnetic 

articulography (EMA) system. EMA sensors were placed on the 

tongue body and dorsum to track movement for vowels and on 

the upper and lower lips to track bilabial consonants. To provide 

reference points for the head and to correct for head movement, 

two sensors were placed on the left and right mastoid processes 

and one on the upper right incisor. A microphone was placed in 

front of the participant. Two cameras recorded each participant; 

these were placed to record frontal and profile views.  

The question-answer pairs were displayed on a monitor in 

front of the participant at a comfortable reading distance. 

Around the monitor, images were placed of the characters that 

appear in the question-answer pairs. Participants were 

instructed to point at the image of the character they 

mentioned. Prior to recording, the natural resting position of 

participants’ hands was marked with a sticker on their leg, to 

serve as a reference point. Participants were asked to rest their 

gesturing hand on this sticker when not gesturing (see [28, 37]). 

 

2.3 Data processing and annotation 

 

Utterances with disfluencies and speech errors were excluded. 

The utterances were examined in Praat; the sentences were 

produced with the expected prominence and boundary type. 

The f0 contours were further examined and are described in 

section 3.3. The video recordings were time-aligned with the 

acoustic signal and kinematic data using Adobe Premiere Pro 

2025. Co-speech gestural data was extracted from the visual 

data using the full body tracking module of EnvisionBox [38]. 

The module takes a video as input and outputs kinematic time-

series data, tracking the movement of points on the hands, face, 

and body in 3D. The co-speech gesture data stream was time-

aligned with the kinematic data from EMA using a custom 

script by Yoonjeong Lee (University of Southern California). 

The kinematic data from the two sources were annotated 

using mview (software by Mark Tiede at Haskins Laboratories, 

New Haven, CT, USA), see Figure 1. 

 

 
Figure 1: Speech and co-speech gesture labeling in mview: 

spectrogram, tongue dorsum (TD, vertical) lip aperture (LA, 

vertical), right index fingertip (RITIPY, vertical). The target 

word ['mimɒ] is highlighted in green. 

 

Consonants were labeled on the lip aperture trajectory (LA, the 

Euclidean distance between upper and lower lip markers) in the 

target word and in the pre- and post-target bilabial consonants, 

as well as the vertical movement of the tongue dorsum (TD) in 

the target word. Timepoints extracted for speech gestures were 

onset, peak velocity, target (nucleus onset, maximum 

displacement) and offset. For co-speech gesture movement 

(RITIPY), the vertical movement of the pointing index finger 

was labeled, with the same landmarks. Maximum displacement 

was not reliably identified for the pointing gesture, as the 

gesture was often held for a longer period of time; nucleus onset 

was used as the finger displacement measure instead.  

Time-aligned acoustic data was annotated in Praat [39], 

where pitch accent onsets and targets (maximum height) 
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associated with the target word were labeled (“PA” label). In 

cases where f0 was flat throughout the first (prominent) syllable 

of the target word, the target word onset was marked as the 

onset and the midpoint of the lexically stressed vowel was 

marked as the peak. Additionally, the f0 maxima and its onset 

were labeled (“f0” label). When the second (non-prominent) 

syllable exhibited a rise, the beginning and end points of the 

contour were additionally marked as an onset and a peak (f0). 

When the PA peak in the first syllable is the f0 maxima in the 

target word, the PA and f0 labels coincide. Amplitude maxima 

timepoints associated with the target word were extracted via 

parabolic interpolation to examine intensity peak and co-speech 

gesture target coordination [26]. 

 

2.4 Data analysis 

 

To examine how pragmatic and prosodic prominence may 

modulate gestural coordination, we examine the variability and, 

when inconclusive, also the duration (in absolute values) of the 

temporal lag between articulators for onset-to-onset and target-

to-target coordination. The intervals between the pointing 

gesture time points and those corresponding to the pre-target 

word, the stressed syllable of the target word, and prosodic 

events are listed in Table 1. The least variable interval is 

considered to be the most reliable for coordination [7, 27-28]. 

 

Table 1. Pairs of landmarks considered for coordination. 
 

Speech gesture 
Co-speech 

gesture 

ONSET  
TO  

ONSET 

pre-boundary consonant onset  (C0) pointing 

gesture 

onset 
(FING) 

target word consonant onset  (C1) 

f0 onset  (PA; F0) 

target word vowel onset  (V1) 

TARGET  

TO  
TARGET 

pre-boundary consonant target  (C0) 
pointing 
gesture 

target 

(FING) 

target word consonant target  (C1) 

f0 target  (PA, F0) 

intensity peak  (INT) 

target word vowel target  (V1) 

 

During prosodic verification, different types of prosodic 

contours on the target word were identified. To explore how 

these different contours might affect coordination patterns, f0 

contour clustering was performed on the target word using the 

clustering method described in [40], with default settings. 

Statistical analyses were carried out in R [41]. The 

following linear regression models were tested with a 0.05 

threshold of significance:  

 

   I = β0 + β1(InformationStructure) + ε   (1) 

   I = β0 + β1(f0contour) + ε    (2) 

   I = β0 + β1(IS) + β2(f0contour) + β3(IS x f0contour) + ε (3) 

 

The dependent variable is the interval (“I”), or temporal lag, 

between two given landmarks. The predictors are Information 

Structure condition (topic: aboutness or contrastive, focus: 

broad, confirmation, correction), f0 contour type (the contours 

that emerge from the contour clustering analysis), and the 

interaction of these. 

3. Results 

3.1. Stable coordination points 

Figure 2/A illustrates the intervals with all information structure 

conditions conflated. Visual examination shows that, with some 

variability, the pointing gesture on average appears to begin 

before the onset of the target word (ONSET_C1_FING, 

ONSET_V1_FING), and the target of the pointing gesture follows 

the f0, intensity, and pitch accent targets (TARGET_F0_FING, 

TARGET_INT_FING, TARGET_PA_FING).  

Prior literature [1] has shown the closest alignment between 

the pitch accent peak and co-speech gestural target to occur in 

narrow focus. Accordingly, closest alignment is expected in the 

corrective focus (a type of narrow focus) condition in our data. 

Figure 2/B illustrates the intervals in this condition. In general, 

the least variable intervals are target-to-target, with the lags 

being shortest in the f0, pitch accent, intensity, and vowel target 

to pointing target intervals (TARGET_F0_FING, 

TARGET_PA_FING, TARGET_INT_FING, TARGET_V1_FING). 

This indicates target-to-target coordination. 

 

 
Figure 2: Coordination configurations. The co-speech gestural 

landmark’s timepoint is subtracted from the articulatory 

gestural landmark’s timepoint (negative range indicates that 

the co-speech gestural landmark follows the speech one). 

 

3.2 The role of pragmatic prominence 

 

Having established the possible patterns of coordination in 

corrective focus, we broaden our examination of these patterns 

in Figure 2/C, which illustrates the same intervals with all 

information structure conditions separated. The figure shows 

that it is the first vowel target and pointing gesture target 

intervals (TARGET_V1_FING) that are the least variable in their 

coordination across all conditions. Although coordination 

appears to be less variable under the pragmatically more 
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prominent conditions (confirmation and corrective focus, 

aboutness and contrastive topic) relative to the least prominent 

broad focus condition, the main effect of Information Structure 

is not statistically significant in predicting temporal lag.  

 

3.3 The role of prosodic prominence 

 

Contour clustering identified three characteristic f0 contours of 

the target word (Figure 3): H* pitch accent on the first syllable 

(focus only, predominantly corrective and confirmation); late 

peak or early rise mid-target word (mainly broad focus, 

confirmation focus, aboutness topic); flat first syllable followed 

by a high rise (mainly topic, predominantly contrastive). Table 

2 lists the number and type of tokens. 

To examine how contour type may factor into coordination, 

Figure 2/D examines coordination by contour type. This allows 

us to further investigate the hypothesis that co-speech gesture 

peaks coordinate with prosodic prominence when there is no 

pitch accent peak (see [2]). Although in general, the 

TARGET_PA_FING interval is expected to be the shortest and 

least variable across conditions (as pitch accents bear the main 

prominence), the figure shows that this interval is variable 

across contour types and is centered around 0ms only in contour 

2 (the difference between contours is statistically significant, 

with the main effect of f0 contour for this interval at β=154.47, 

p=0.001). In contour 1, the pitch accent peak is the only likely 

f0 landmark, coinciding with the f0 maxima of the contour. In 

contour 3, however, there are two potential landmarks: the mid-

point of the vowel in the lexically stressed first syllable (on 

which prominence is normally realized), and the f0 peak at the 

end of the target word. Figure 2/D shows that the two intervals, 

TARGET_PA_FING and TARGET_F0_FING are identical in 

contour 1 and 2 (as expected), but different in contour 3, where, 

although variable, the interval between the f0 peak and finger 

target is around 0ms. Crucially, the intervals between the f0 

peak and finger target do not appear to be less variable than 

those between the pitch accent peak and finger target. Figure 

2/C and D additionally show that the interval between the 

intensity peak and the pointing gesture target 

(TARGET_INT_FING) are variable across conditions as well. 

As Figure 2/D shows, across the contours, the interval 

between the first vowel and pointing gesture target 

(TARGET_V1_FING) remains the least variable, as suggested in 

3.2. There is no statistically significant difference across 

contour types for this interval.  

 

3.4 Pragmatic and prosodic prominence in coordination 

 

To explore if contour type and information structure interact in 

coordination, Figure 4 illustrates the two f0-related target-to-

target intervals, along with the target word onset-gesture onset 

and the stable TARGET_V1_FING intervals across the three 

contours and all information structure conditions.  

Regarding the f0-related intervals, Figure 4 shows that 

taking the f0 peak (rather than strictly the pitch accent peak) as 

a measure of coordination results in a difference in the temporal 

lag in the two topic conditions only (as these, especially 

contrastive topic, cluster into contour 3 with a rising contour). 

The variability of the lag is similar across interval types.  

TARGET_V1_FING remains the least variable across all 

conditions, and linear regression confirms that neither contour 

type, nor information structural condition, nor their interaction 

reliably affects the lag of this interval.  

 

 
Figure 3: f0 contour clusters. 

 

Table 2. f0 contour tokens by information structure 

Information structure 
f0 contour type 

Total 
#1 #2 #3 

Focus 

broad 1 6 1 8 

confirmation 5 4 0 9 

corrective 10 0 0 10 

Topic 
aboutness 0 6 2 8 

contrastive 0 2 7 9 

 

 
Figure 4: Coordination configurations across contours and 

information structure conditions. 

4. Discussion 

The present study examined how speech and co-speech gestures 

are coordinated in Hungarian, a discourse configurational 

language in which pragmatic prominence is primarily encoded 

through word order. By combining electromagnetic 

articulography (EMA) data with acoustic and visual data, we 

investigated how articulatory and prosodic landmarks align 

with manual pointing gestures under different information 

structural conditions.  

Results from the participant analyzed to date show that the 

pointing gesture generally begins before the target word, and 

that the most stable alignment is a target-to-target coordination 

between the vowel of the stressed syllable and the pointing 

gesture (TARGET_V1_FING). No stable coordination is observed 

with the f0 target (pitch accent or f0 maxima).  

While the remaining speakers await analysis, these early 

results show a lack of evidence for the organizing role of f0 in 

speech-gesture coordination in Hungarian. Additionally, 

information structure does not appear to modulate coordination 

in this speaker’s production. Although preliminary, the present 

results underscore the importance of examining gestural 

coordination in typologically distinct languages with diverse 

expressions of prominence. 
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