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Abstract 
This paper reports on a corpus of Brazilian Portuguese (BP) 
mandible movements. The data was collected using a recently 
available technique, the MARRYS helmet, which allows for 
quick and reliable collection of mandible data of a large number 
of speakers. Audio and mandible were recorded from more than 
90 L1 and L2 BP speakers. The recording process and signal 
synchronization are presented. A partial set of the corpus, based 
on 37 L1 speakers producing three sentences mostly composed 
of /a/ vowels, was segmented at the phone level. The jaw 
movements are compared to the sentence's prosodic structure. 
Results indicate that, similar to other languages, Brazilian 
Portuguese speakers show increased mandible lowering for 
stressed syllables but also quick mandible closing. Some 
interesting mandible opening and closing patterns are also 
reported on the prestress or post-stress positions in relation to 
the prosodic structure of Brazilian Portuguese. 
Index Terms: speech articulation, mandible movement, 
Brazilian Portuguese, phrasing, stress 

1. Introduction 
Recent work, e.g., [1], [2], [3], addresses ways the mandible 
plays an important and necessary role in speech production. 
Specifically, in order to produce a syllable, the mandible opens 
and closes, and as such, the mandible can be referred to as the 
syllable articulator. In addition, the amount of mandible 
opening changes not only due to segmental effects, i.e., 
consonants and vowels but also due to changes in prosody, i.e., 
syllable prominence patterns in the language. Each language 
has its own utterance prominence patterns and, consequently, 
language-specific mandible patterns, e.g., [1], [5], [6], [7], [8]. 
The mandible lowering patterns of an English utterance are 
such that nuclear stress syllables have the largest amount of 
mandible opening, followed by phrasal stress and then foot 
stress, e.g., [1], [6]. However, languages like Mandarin, 
Japanese, and French, which may be described as edge-
strengthening languages [9], show increased mandible lowering 
at the end of each phrase, with the largest amount of mandible 
lowering at the end of the utterance [1], [10], [11], [12]. In 
learning a second language, there is a tendency to transfer first 
language mandible movement patterns to the second language 
[1]; focusing on mandible movement patterns helps second 
language learners improve the prosody of the new language 
[13]. In addition to prominence articulation, the mandible can 
be seen to articulate prosodic boundaries, i.e., word, foot, 
phrase, utterance [14], [15], [16]. Thus, the mandible is not only 
a syllable articulator; it is also a prosodic articulator. 

Given that the mandible plays this important role in speech 
production, extensive research into mandible movement 
patterns of many speakers for a large number of languages is 
called for. However, the collection of mandible data needs to be 
more easily available. Currently, mandible movement, as well 
as tongue and lip movement, have been measured using high-
tech approaches, such as x-ray microbeam [17] or 
electromagnetic articulography (EMA) [18]. Both of these 
techniques require glueing a sensor onto the lower incisor just 
above the gum line to measure the mandible movement (or to 
the lips or tongue to measure the other articulators). Generally, 
the experiments take several hours, including setting up the 
equipment, gluing the sensors, running the experiment, and then 
processing the data; as such, it is difficult to get a large number 
of speakers recorded. A new, less-invasive, and simpler method 
of recording mandible movement—the MARRYS helmet, a 
helmet with two bending sensors for bidirectional mandible 
movement measurement [19], [20], [21], has recently become 
available [22]. With this device, it is possible to have 15-minute 
recording sessions, thus making data collection much faster and 
easier. 

The purpose of this paper is (1) a preliminary report on a 
new method of collecting mandible data for a large number of 
speakers and (2) an initial examination of how mandible 
movements of BP speakers reflect the prosodic organization of 
spoken Brazilian Portuguese. BP is a stress language in which 
the lexical stress can fall on one of the last three syllables of the 
word, like in “TÁbata,” “saMÁra,” and “maraJÁ,” respectively 
referred to as proparoxytone, paroxytone, and oxytone in BP 
linguistic terminology [23], [24]. According to the prosodic 
phonology concepts [25], the utterance is hierarchically divided 
into phonological phrases and phonological words. Within each 
phonological phrase, one word has more stress than the others. 
In BP, when there is a clash of lexical stresses in the same 
phonological phrase, frequently there occurs a deaccenting of 
the first stressed word, e.g., catTÁR LÁtas > catar LÁtas. 
Nuclear stress usually falls on the last word in the utterance. In 
addition, there tends to be an F0 rise at the end of each phrase, 
except for the final word in declarative utterance, which is 
characterized by a fall on the last stressed syllable of the last 
word of the utterance, which is in contrast to a rise over the 
nuclear stress characterizing the interrogative utterance. 

2. Methods 

2.1. Dataset 

This study reports on 37 L1 speakers of BP. Three sentences 
were chosen to contain all the same low /a/ vowel, as mandible 
lowering is affected by vowel height. In addition, the stressed 
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syllable's position within the word varied. Each speaker 
produced three utterances (A, B, C; see below), with three 
repetitions each. According to prosodic phonology [25], each 
sentence's expected phrasing would be with only three 
phonological phrases, even though they have four words with 
lexical stresses (or four phonological words). The phonetic 
transcription places a ' before the stress, also written in bold 
letters. The boundaries of the phonological phrases are 
indicated by |, while the || marks the sentence boundary. The 
positions of stress were the only differences between sentences 
in terms of prominence. Productions with pauses or deviant 
pronunciations (repetitions, hesitations, etc.) were discarded. A 
total of 277 utterances are considered here (74 were discarded). 
Sentence A:     “Tábata foi chamada pra falar parada.” 
          ['tabatɐ | foj ʃɐ'madɐ | pɾa fa'lax pa'ɾadɐ ||] 
           Tabata was asked to talk without moving 
Sentence B:     “Samara foi paga pra catar latas.” 
          [sa'maɾɐ | foj 'paɡa | pɾa ka'tax 'latɐs ||] 
           Samara was paid to collect cans. 
Sentence C:     “O Marajá parava pra matar barata.” 
          [o maɾa'ʒa | pa'ɾavɐ | pɾa ma'tax ba'ɾatɐ ||] 
          The maharaja stopped to kill cockroach. 

Table 1: information on the 37 speakers: median age 
and number by gender and Brazilian macro-regions – 
and the main states composing them, when relevant.  

Region (state) Female Male Age 
North 3 0 38 

North-east - - - 
Center-west 0 1 21 
South-east 6 9 33 
(São Paulo) 4 5 23 

(Rio de Janeiro) 1 2 55 
(Minas Gerais) 1 2 40 

South   (+1) 9 8 26 
(Paraná) 5 5 24 

(Sta. Catarina) 2 1 25 
(Rio Grande do Sul) 2 2 35 

Total   (+1) 18 18 33 
 
The mandible data was collected in a sound-proof booth at 

the Federal University of Paraná, Curitiba, Brazil, during the 
ABRALIN conference (October 2023): this was intended to 
ease reaching individuals from various places of Brazil (for 
regional variation of BP, see [26]). The subjects were 
volunteers, most of them with a linguistic background, who 
signed consent forms. The project was approved by the UFPR 
Ethics Committee (CAE registration no. 69008123.6.0000. 
0214). Some information about the speaker's age, gender, and 
geographic origin is given in Table 1 (note one speaker declined 
to inform their gender and appears only for age in the southern 
region). The geographic distribution reflects the location of the 
conference, with a majority of speakers from the southern 
Brazil Paraná state and an important demographic (as well as 
economic and proximal) weight from the south-eastern states, 
in particular, São Paulo; we lament having been unable to 
record any speakers from the north-eastern states. 

2.2. Jaw and audio signals processing 

Two signals were recorded: the jaw position through the 
MARRYS helmet [19] and the speech through an SR-LMX1+ 

Saramonic omnidirectional Lavalier microphone. The two 
signals were recorded on separate computers; the sound was 
recorded with the computer used to present the sentence to be 
read to the speakers, allowing an easy by-sentence 
segmentation in a second step. To synchronize the two signals 
(jaw and audio), a series of three taps on the strap holder of the 
jaw sensor were made regularly during the recordings. The taps 
produced a visible (negative) movement on the left jaw sensor 
and an audible sound. Later, the first and last series of taps were 
localized on both signals. The average time of the initial and 
final series of three taps was used to stretch the jaw signal (a 
time shift between signals is observable after about 10 minutes 
of recording) and then to align the two signals. Before 
alignment, each channel of the jaw signal was high-pass filtered 
with a cutting frequency of 0.05Hz to remove the DC 
component and eventual slow shift in the signal linked to sensor 
movements; then, a low-pass filtering was applied (cutoff 
frequency of 10Hz) to remove noise. The left and right signals 
were added to get a single measure of jaw aperture. The 
resulting jaw signal was then standardized for each speaker 
(centered scaled), considering the values observed on the 
complete recording (but removing the zones with taps) to 
estimate its mean and standard deviation. 

The audio and jaw signals were then paired in a single 
WAV file; this signal was then automatically segmented into 
individual WAV files for each sentence, thanks to 
synchronization beeps produced by the recording interface. 
This allowed the application of a forced alignment procedure 
on the audio channel with the Montreal Forced Aligner [27] and 
its pre-trained models for Brazilian Portuguese [28], [29]. The 
alignments were individually checked to detect sentences with 
pauses, hesitations, repetition, errors, or other incoherence; 
eventual misalignments were corrected, while sentences with 
errors were discarded. A phone-level aligned data is thus 
obtained, with acoustic and jaw movements. Note that the 
MARRYS helmet was in a development stage; new versions 
now allow for the smoother obtention of audio and jaw signals. 
An acoustic analysis of the audio recordings was done to 
estimate the fundamental frequency (F0, in Hz) and the first five 
formants, using the standard Praat algorithms [30] with the 
default parameters for F0, and for formants a 5500Hz frequency 
ceiling for females and a 5000Hz ceiling for males. F0 values 
were manually checked and only considered on vowels. 

 

 
Figure 1: plot of sentence C: spectrograms, with their 
segmentation (words and phones), the F0 trace overlaid (red 
speckles, between 0 and 300Hz), and the jaw movements (blue 
line, arbitrary unit). 

To compare the productions over speakers, the timing of the 
sentence had to be normalized across each repetition. This was 
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done by considering the mean duration of each phone of each 
sentence and for all stimuli. An equivalent of 1 point every 5 
ms on this average duration (i.e., if a phone has a mean duration 
of 87ms, 17 points were considered, starting from the initial 
boundary of the segment) was used to interpolate the jaw 
movement observed on each speaker. This led to about 445 
points for each sentence and the exact same number of 
measurements for all repetitions of all speakers of the same 
sentence. 

3. Results 

3.1. Example of jaw movement 

A Praat display for a typical BP speaker’s production of 
sentence C is presented in Figure 1: the mandible position is 
overplotted on a spectrographic representation of the sentence, 
together with a text grid showing the phones’ boundaries and 
the F0 extraction. The typical speaker was chosen as the one 
whose mandible movement pattern was closest to the average 
curve, as depicted in Figure 2. The following observations are 
made: (1) the amount of mandible lowering varies across the 
utterances, even though the vowels are the same phonologically 
low vowel; (2) stressed vowels have increased mandible 
lowering; (3) reduced vowels, including the reduced vowels in 
the final syllable of the utterance final word, show mandible 
lowering, but substantially less than the other vowels, and (4) 
F0 and mandible movement are independent, as one may 
change independently of the other, that may not change or 
change in another direction (this does not rule out covariation). 

3.2. Mean mandible position over time 

Time-normalized data for the 37 L1 speakers of BP are shown 
in Figure 2: the mandible position of each speaker (individual 
grey lines) and the mean over all speakers (blue curve) for each 
of the three sentences (vertical lines indicate the position of 
each phone boundaries). Rectangular color boxes emphasize 
the stressed syllables at the end of each phonological phrase. 
These stressed syllables are lengthened and marked by an 
opening mandibular movement over the vowel that ends at a 
low level. In most cases, it is the mandible’s lowest position in 
the phonological phrase (i.e., the maximal aperture). Still, 
articulatory constraints linked to the phonetic content may 
affect the relative jaw position, as in the case of [maɾa'ʒa] (vs. 
['tabatɐ] and [sa'maɾɐ]) where the red rectangular box marks 
the location of stress in the first phonological phrase of each 
utterance. These initial phonological phrases show examples of 
the three types of lexical stress in BP, with increased mandible 
lowering, respectively on the antepenultimate and penultimate 
syllables of ['tabatɐ] and [sa'maɾɐ], while for the oxytone 
[maɾa'ʒa], the closing gesture linked to the fricative /ʒ/ 
preceding the stressed vowel may explain the higher minimal 
aperture for the stress comparatively to the preceding vowels. 
A strong jaw opening along the vowel still marks the stress. The 
mandible thus shows an important opening on the phonological 
phrase’s stressed vowel, followed by a closure on the post-
stressed syllable(s) of the word if they exist. 

That the stress in [maɾa'ʒa] does not show the largest 
mandible aperture in the word is interesting and aligns with the 
account that the last two syllables, [ɾa.ʒa] may have equivalent 
weight in terms of acoustic characteristics: the stress is 
perceived on the last syllable before a reduction or at the end of 
the word. According to [31], [32], in BP, stress is marked by the 
duration of the stressed vowel but also by the fact that pre-

stressed vowels may be equivalent to the stressed vowel, which 
is the last of equals before the reduced post-stressed vowels: 
post-stress reduction is essential for the identification of stress. 
In the case of oxytonic words lacking post-stress material, this 
absence of reduction leads to identifying the final syllable as the 
stressed one. 

The green rectangular boxes in Fig. 2 show the stress at the 
end of the second phonological phrase, occurring on the words 
[ʃɐ'madɐ], ['paɡa], and [pa'ɾavɐ]. Again, the mandible opens 
maximally during the stress and closes on the post-stressed 
syllable of the words. Notice that the amount of mandible 
lowering on the stressed vowel in this second phonological 
phrase is larger than on the stressed vowel in the previous 
phonological phrase. 

 

Figure 2: normalized mandible movements for each of the three 
utterances: grey lines indicate each stimulus, while the blue 
curve shows their overall mean.  

The blue rectangular box shows the stress on the third 
phonological phrase, occurring on the words [pa'ɾadɐ], ['latɐs], 
and [ba'ɾatɐ]. Again, we see the mandible opens maximally 
during the stressed vowel and closes on the post-stressed 
syllable of the word. Notice also that the amount of mandible 
lowering on the stressed vowel in this utterance-final phrase is 
the largest in the phrase and sometimes the largest in the 
utterance (utterance A). This is the nuclear stress, marked by 
vowel lengthening, F0 fall, and a strong reduction of the post-
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stressed syllable(s), clearly marked by the strongest and fastest 
mandibular closing movement over the utterance. 

3.3. Intonation patterns 

The averaged normalized F0 contours for each utterance are 
presented in Figure 3. Again, colored rectangles mark the 
stressed vowels in each phonological phrase, with a fourth box, 
cyan, marking the stress of the third phonological word. The 
mandibular movements described above are coherent with 
intonational patterns observed over the sentences and described 
in various analyses of BP prosody [31], [33]. For the first three 
phonological words, it is possible to observe a lower F0 on the 
stress vowels, with a rise on their final parts and along the post-
stressed syllables when they exist. On the nuclear stress (fourth 
phonological word), the stress is marked for declarative 
sentences by a high prestress F0 followed by a fall over the 
stressed vowel (which is lengthened) and a final fall. 

 

Figure 3: F0 contours (converted in semitones and centered 
scaled by speaker) for each of the three sentences; grey curves 
show individual stimuli, and blue dots indicate the mean curve. 

4. Discussion and conclusions 
The results suggest the following pattern of mandible 
movement for BP speakers: generally, for each stressed 
syllable, the mandible is lowering/lowered and then closes 
quickly. There is at least one word with stress within each 
phonological phrase, and this word tends to occur toward the 
end of the phonological phrase. In this way, BP is similar to 

edge-strengthening languages like French, Japanese, and 
Mandarin; however, since BP has lexical stress marked by F0 
movement, it is classified as a “head-prominence” language, 
similar to some extent to English [9]. In general, compared to 
American English (AE), for BP, we see less mandible-lowering 
for each syllable but more of a general pattern of gradual 
mandible lowering or closing, depending on the position of the 
stress in the word, for each phonological phrase. 

Some interesting differences are observed between BP and 
AE mandible movement. (1) For AE, the larger the syllable 
prominence, the greater the mandible lowering; for BP, 
mandible lowering increases with stressed syllables. However, 
mandible closing seems to occur more quickly and strongly 
than in AE. (2) For BP, but not so much for AE (e.g., the 
descriptions made by [1]), the position of the stress in the word 
affects the pattern of mandible movement: for the 
proparoxytone (e.g., TÁbata), there is marked opening for the 
stressed syllable, followed by a steep closing, and a general 
upward trend of mandible vowel opening for subsequent 
syllables in the word until the end of the phonological phrase; 
for the paroxytone (e.g., saMÁra), the mandible opens 
progressively for each vowel until it reaches the stress, 
whereafter there is a steep closing movement toward the word-
final/phrase-final reduced syllable; for the oxytone (e.g., 
maraJÁ), there is a different pattern such that the final stressed 
syllable does not receive much more mandible lowering, than 
the preceding syllable, as discussed in Section 3.2., and (3) for 
AE, the nuclear stress has the largest amount of mandible 
lowering in the utterance, while for BP, the nuclear stress is 
marked by increased lowering on the stressed syllable and by a 
steep, strong jaw closing. Along these lines, we note a 
difference between the mandible movement for an utterance 
non-terminal phrase, e.g., the end of the second phonological 
phrase, vs. the utterance’s final nuclear stress: the former is 
produced with a distinct mandible opening, while the latter is 
produced with a distinct mandible closing. More work is needed 
to corroborate these observations. 

Given that speakers of different languages employ different 
mandible movement patterns to implement stress and phrasing, 
it follows that language teachers could help learners produce 
better first language prosody by (1) showing learners their L1 
mandible movements and (2) training learners then to produce 
the new L2 movements, similar to “jaw dancing” techniques 
used to teach Japanese how to improve their AE prosody [13]. 
Brazil has received a growing and significant number of 
immigrants and refugees in recent decades; these results can be 
applied to the teaching of BP as a foreign language as well as 
BP as a host language, thus helping to develop an awareness of 
the interconnection between mandible articulation and prosodic 
or intonation structure in order to improve oral fluency of these 
speakers. 

Future work will continue analyzing the large corpus of 
mandible data collected for 90 L1 and L2 speakers. This will 
include a more in-depth exploration of acoustic cues of stress 
and phrasing, along with the mandible movements for both L1 
and L2 BP speakers. Also, the alignment of the acoustic 
segment with the mandible position, velocity, and acceleration 
points will be examined. Mandible movement in spoken 
languages has heretofore been relatively unexplored, mostly 
due to challenges in collecting and analyzing big data corpora. 
With an easier and less expensive method of collecting 
mandible data, perhaps we can have a prosodic/mandible 
database of languages around the world. 
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