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ABSTRACT 

 

It is widely held that co-speech gestures are 

produced in a coordinated fashion with prosodic 

prominence [11, 17]. Studies have shown that 

gesture strokes and apexes tend to be temporally 

executed in conjunction with pitch accentuation [8, 

15, 21, 6, among others]. Fewer studies have looked 

at beat gestures as prosodic domain markers, as in 

French where pitch accentuation can serve a 

demarcative function on the Accentual Phrase (AP) 

domain. Prosodic and gestural analyses of an 18-

minute long academic-style discourse were carried 

out, with the goal of exploring the relationship 

between beat gesture production and prosodic 

structure in French, where pitch accents have a 

demarcative function. Our findings show that beat 

gesture apexes were aligned with pitch accented 

syllables at much lower rates than previously 

observed, those that did align prosodically tended to 

align with AP-final accents, and finally those that 

did not align tended to occur in AP-initial positions.  

 

Keywords: Beat gesture, prosodic-domain marking, 

French, Gesture-Speech synchrony 

1. INTRODUCTION 

1.1. Co-speech Gestures 

Co-speech gestures refer to movements of the body 

(particularly the hands) that are coordinated with 

speech in terms of timing, semantic, and pragmatic 

function [16, 17]. Following McNeill’s distinction of 

gesture types [17], we can distinguish referential 

gestures from non-referential gestures. The former 

involves gestures where the hands physically 

resemble the referent in speech (iconic gestures), 

portray an abstract idea (metaphoric gesture), or 

refer to the location of an entity in either real or 

abstract space (pointing or deictic gesture). The 

latter gesture type, often referred to as beat gestures, 

are said to be non-referential in that they do not 

portray lexico-semantic meaning in speech. They are 

often referred to as beat gestures because of their 

typical trajectory form of being an up-and-down 

movement like the conductor of an orchestra. 

However, this unidimensional view of beat gestures 

has been challenged [see 22, 20, 21]. Nowadays, 

beat gestures have been shown to have a more 

pragmatic function, working to show information 

structure, discourse-narrative structure, as well as 

marking rhythm in speech. 

It is important to note that McNeill [18] revises 

his gesture categorization, noting that they should 

not be considered as discrete boxes into which one 

gesture can be placed. Instead, he proposes that 

these “categories” be viewed as dimensions, where 

gestures may carry properties of various categories.  

1.2. Gesture-Prosody Interface 

McNeill’s original definition of co-speech gestures 

included the phonological synchrony of gestures 

with speech. This idea was built on previous 

research by Kendon [11] who showed a parallel 

temporal relationship between the organization of 

the speech stream and of gesture production. 

Further, Kendon noted that the nuclei of both tone 

units and gesticular phrases seemed to coincide in 

time. This led McNeill to establish the phonological 

synchrony rule, which states that the stroke of a 

gesture comes before or ends at the phonological 

peak syllable of speech [17]. 

Since then, a number of studies have investigated 

the temporal alignment between gestural and 

prosodic prominence. One major study by [8] 

analyzed spontaneous discourse by an American 

English native speaker at a town-hall meeting, and 

found that the speaker’s gesture apexes co-occurred 

with a pitch accent 95.7% of the time. In another 

corpus analysis of American English conversational 

speech in by [15], the author found that pitch accents 

and gesture apexes “co-occur repeatedly” (p. 81), 

and that the distance in milliseconds between the 

two phenomena were distributed closely around 

zero, with an average of pitch accents occurring 17 

milliseconds after gesture apex. These previous 

studies, however, did not account for gesture type. A 

study by [6] investigated the production of deictic 

gestures by native Catalan speakers in a 

pointing/naming task and found that gesture apex 

was tightly correlated with pitch peaks and both 

were bound by prosodic phrasing.   
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Specifically regarding non-referential gestures, 

[21] found that apexes occurred during a pitch-

accented syllable 83.13% of the time in a corpus of 

American English academic-style discourse. More 

granularly, a study by [13] on the prosodic 

anchoring of beat gesture during a reading task 

showed that the closest landmark in speech to beat 

apexes was the pitch peak in the stressed syllables.  

As mentioned, most of these studies used English 

as the language of study, where pitch accents reflect 

phrasal-level prominences based on the speaker’s 

intentions. Fewer studies have investigated the co-

occurrence of gesture and prosodic prominence in 

other languages like French, where prominence is 

fixed at the phrasal level and pitch accents may 

serve a demarcative function rather than a merely 

prominence-lending function. In French, pitch 

accents typically mark the edges of the Accentual 

Phrase (AP, the smallest prosodic phrase made up of 

a lexical word and all the functional word that the it 

governs, see [9, 10, 19, 3]. Indeed, the AP contains 

an obligatory pitch accent on the right edge (often 

realized as H*, though not always) and an “optional” 

rising pitch excursion on the left edge (Hi). The 

realization of the initial pitch excursion is not 

entirely clear but it has been suggested for reasons 

such as to mark the left edge of the AP, to build up 

rhythmic patterns or to adding emphasis [1, 4, 5]. 

While the initial accent is not generally prominence-

lending, it is sometimes strengthened during 

emphatic speech [7]. For the purposes of this 

preliminary study, any initial rise will be referred to 

as a pitch accent. 

To the authors’ knowledge, only one study has 

directly investigated the temporal relationship 

between beat gestures and prosodic structure in 

French. Using spontaneous conversational speech, 

[7] analyzed the co-occurrence of gesture with 

prosodic emphasis compared to their co-occurrence 

with thematic structures such as left dislocation and 

pseudo-cleft constructions. The author describes 

prosodic emphasis as the presence of an “unusually 

strong word onset” (p. 2) which would roughly 

correspond to the (Hi) accent previously described. 

She showed that gestures reinforced prosodic 

emphasis more than thematic structures. Particularly 

regarding prosodic emphasis, she found that beat 

gestures are associated with prosodic emphasis more 

than other gesture types. However, the study limits 

its investigation of prosodic emphasis to initial 

accents and does not account for the potential effects 

of phrase-final, obligatory prominence. The current 

study aims to expand on this previous work, 

accounting for the temporal relationship between 

gesture and prosody in French academic-style 

discourse. The study will determine how gesture 

production is modulated based on the prosodic 

structure in French, where pitch accents have a 

demarcative function of the Accentual Phrase 

domain. Specifically we ask (a) whether beat gesture 

apexes in French tend to be temporally associated 

with pitch accents, as in other languages; (b) 

whether they occur more often on syllables that are 

prosodically marked with initial or final accents 

within the Accentual Phrase, and (c) if they mark 

prosodic AP phrasing independently of pitch 

accents. 

2. METHODS 

2.1. Corpus 

The speech sample used for this study comes from a 

larger corpus of academic-style or motivational 

lectures in the form of TED Talks. The TED Talk 

given by [12] was chosen for (a) his extensive use of 

gesture, as well as (b) the fact that the video editing 

of the talk allowed for large stretches of video where 

his gestures were visible. The original video lasts 

18m 24s. Moments where the speaker could not be 

seen were excluded from the analyses, leaving a 

total of 11m and 45s for analysis. 

2.2. Gestural and prosodic annotation 

The gestural annotation was carried out in ELAN 

[24] by the first author (see Figure 1). The video was 

annotated for gesture in two phases. First, the 

temporal structure of gestures was annotated. This 

was carried out without the audio in order to avoid 

any potential influences of pitch accentuation on the 

placement of gesture strokes and apexes. Following 

the description by [11], gesture units were first 

annotated and then separated into their individual 

components (preparation, stroke, recovery, pre-

/post-stroke holds). On a separate tier, the apex was 

annotated.  

The apex was determined as follows: for 

unidirectional strokes, the endpoint was considered 

the apex, for bidirectional strokes, the point of 

change in direction was annotated as the apex, and 

in multidirectional strokes, multiple apexes were 

annotated at points of zero acceleration [14: 190]. 

Second, once all gesture phases and apexes were 

annotated without sounds, the video was replayed 

with sound to determine the gesture category for 

each stroke according to [17, 18]. If the gesture 

showed no clear reference to concurrent speech 

content in terms of hand form or trajectory, the 

gesture was labelled as a beat. Ambiguous gesture 

phasing was also modified or re-categorized in 

function with speech; however, the temporal 

boundaries of apexes were not modified.   
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Figure 1: Sample Gesture annotation in ELAN of [12] at 3m 08s showing a beat gesture and a deictic gesture, 

including tiers for transcription, gesture type, phrasing, and apex. 

 

 

Prosody was annotated separately using PRAAT 

[2]. Prosodic annotations followed F_ToBI labelling 

as laid out in [3] (see Figure 2 below).  

Prosodic phrasing is indicated by a “break” tier, 

where a break level 0 refers to word boundaries that 

involve clitics. A break level 1 is used to denote 

boundaries between two lexical words. The smallest 

prosodic phrase (break level 2) is the Accentual 

Phrase, which is always bounded by a pitch accent  

on the right edge which is coded as (T*). An 

optional rising pitch excursion may occur in the 

initial syllables of the AP, which is encoded as (Hi). 

Low tones may occur at the left edge of the AP, 

labelled as (aL), or before the final pitch accent, 

labelled as (L). Higher prosodic phrasing was 

labelled for intermediate (ip) and full intonational  

(IP) phrases (breaks 3 and 4, respectively), along 

with their corresponding boundary tones (T- for 

break 3; T% for break 4).  
 

Figure 2: Sample of F_ToBI annotation 

corresponding to the beat gesture from Figure 1 at 

3m 08s 

 
 

 
 

Once the independent annotations of prosody and 

gesture were finished, the prosodic annotation was 

imported into the ELAN file on separate tiers and a 

CSV file was produced that contained the time 

stamped data for gesture phrasing, apex position, 

and the prosodic annotations. This allowed for 

millisecond precision in determining the alignment 

between gesture apexes and syllables with initial or 

final accents.  

3. RESULTS 

The study will determine how gesture production is 

modulated based on the prosodic structure in French, 

specifically asking: (a) whether beat gestures in 

French tend to be temporally associated with pitch 

accents, (b) whether they occur more often on initial 

or final accents within the AP, and (c) if gestures 

mark prosodic phrasing independently of pitch 

accents. 
Table 1 below shows the total number of gesture 

apexes produced by gesture type. We found a total 

of 779 gesture apexes. Of those, 108 were referential 

in nature (12 iconic, 69 metaphoric, 27 deictic) and 

670 were non-referential beat gestures. In other 

words, 86% of this speaker’s gestures were non-

referential in nature.  
 

Table 1: The total number of gesture apexes 

produced per gesture type as per [2]. 

 

Gesture Type Apexes 

Grand Total 779 

Beat  670 

Referential 108 

Iconic 12 

Metaphoric 69 

Deictic 27 
 

Of the 670 beat apexes, a total of 25 apexes were 

not included in further analyses for two reasons. 

Nine of them occurred in close temporal proximity 

to another beat apex, causing them to fall on the 

same syllable. The other 16 apexes occurred at 

moments when there was no co-occurring speech. 

This leaves us with a total of 645 apexes to analyse. 

In order to assess the percentage of beat apexes 

that are aligned with their associated accented 

syllables, be it initial accents (Hi) or final accents 

(T*), we counted strict co-occurrence of the apex 

within the accented syllable. This will be referred to 

as “strict alignment”. However, as apexes that occur 

up to 200ms before stressed syllables can still be 

perceived as prosodically aligned [13], apexes that 

did not strictly occur on accented syllables were 

further analysed: their distance in milliseconds to the 
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nearest pitch accented syllable, and the number of 

syllables from the right edge of the AP were noted. 

In cases where the non-aligned apex fell within 120 

ms of a stressed syllable, the first author revised the 

video to determine whether perceptually the gesture 

apex seemed to align with a pitch accented syllable. 

This distance was chosen as it was just short of our 

speaker’s average syllable duration (148 ms). If the 

author perceived alignment, the apex was considered 

as perceptively aligned. These results will be 

referred to as “non-strict alignment”.    

Table 2 shows the percentage of strictly and non-

strictly aligned beat apexes in regards with respect to 

initial or final accents. The results show that 56.11% 

of the beat gestures strictly aligned with a pitch 

accented syllable. Of these beats that aligned 

prosodically, 9.76% fell on initial accents and 

45.58% on final accents. As for the non-strict 

alignment, we found that 12.87% were associated 

with initial accents, 59.22% with final accents, and 

27.91% were not loosely aligned with a pitch 

accented syllable. Chi-squared analyses confirm that 

beat gestures that coincide with pitch accentuation 

are more likely to occur on final accents than initial 

ones (strict alignment, χ
2
(1, N=357) = 8.41, 

p=0.0037; non-strict alignment, χ
2
(1, N=465) = 

10.29, p = 0.0013 ). 
 

Table 2: The percent of alignment of beat gesture 

apexes with either initial accent (Hi) or final accent 

(T*) accented syllables in either a strict or non-

strict sense. The total number of apexes is given in 

parentheses.  

 

Accent type 

Percent (number) of beats 

Strict 

alignment 

Non-strict 

alignment 

Initial 

accent (Hi) 

 9.76%  

(63) 
12.87% 

(83) 

Final 

accent (T*) 

45.58% 

(294) 
59.22% 

(382) 

No 

alignment 

44.65% 

(288) 
27.91% 

(180) 

 

Finally, it was decided that if the 180 misaligned 

apexes still occurred within the first 3 syllables of an 

AP, that it could be considered as marking the left 

edge of that prosodic phrase [23]. Of the 180 

misaligned beat apexes, over 72.23% of the apexes 

occurred in an AP-initial positions. Specifically, 64 

(35.56%) occurred on the first syllable of the AP, 66 

(36.67%) on the second syllable, 31 (17.22%) on the 

third syllable, and only 19 occurring beyond the 

third syllable. This indeed shows that a good 

percentage of beat gestures are aligned with initial 

positions of the AP that contain no pitch 

accentuation. A two-sample Kolmogorov-Smirnov 

test showed that this distribution does not 

significantly differ from that of the initial accent 

(with or without beats), where 75 (25.33%) occurred 

on the first syllable, 130 (43.91%) on the second, 60 

(20.27 %) on the third, and only 31 (10.49%) 

occurring beyond the third (D(5,6) = 0.4, p = 0.652).  

4. DISCUSSION 

In general terms, the results of this analysis lend 

support to the hypothesis that academic style 

discourse is primarily accompanied by non-

referential beat gesture [21]. Indeed, the French 

speaker used non-referential beat gestures 86% of 

the time. In regards to our first research question, 

however, it seems that beat gestures are not as 

tightly associated with pitch accent as in other 

languages (namely, English). The same study by 

[21] found rates of association for similar speech 

styles as high as 83.13%. This is not the case for 

French. We found much lower rates, especially 

when considering the data for strict overlap. Even 

looking at non-strict overlap, we find that only about 

73% of the apexes co-occur with a pitch accented 

syllable. This finding suggests that factors apart 

from pitch accentuation may be influencing their 

planning and/or production.  

Regarding our second research question, beat 

gestures seem to co-occur more frequently on AP-

final pitch accents. This is a particularly surprising 

finding as both beat gestures and initial accents can 

be used to mark emphasis. Perhaps the acoustic 

features of the final accent (namely having a longer 

duration) may act as an attractor. It may thus be 

fruitful to look towards higher levels in the prosodic 

hierarchy, where nuclear AP-final pitch accents (the 

last accent in an ip or IP) are accompanied by 

greater amounts of syllable lengthening [1]. Further, 

future studies should distinguish initial accent type. 

Finally, our findings suggest that beat gestures 

may be marking the left edge of the AP 

independently of pitch accents. While the prospect 

of a prosodic-domain marking function of beat 

gestures is quite interesting, further exploration 

needs to be carried out in order to rule out other 

possibilities. It may be of more interest to look at the 

syllables where these misaligned beats fall, as they 

may still be metrically strong syllables, thus marking 

rhythm in French. Other influences may not be 

related to speech prosody, such as pragmatic intent. 

Taken together, these findings suggest that beat 

gestures are not merely a reflection of rhythmic 

prominence in the hands, but may well have other 

prosodic functions such as prosodic-edge marking 

that warrant further investigation.       
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