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Abstract 
From early in development infants integrate auditory and 
visual facial information while processing language. The 
potential role of visual cues in the acquisition of grammar 
remains however virtually unexplored. Phrasal prosodic 
prominence correlates systematically with basic word order in 
natural languages. Co-verbal gestures—head and eyebrow 
motion—act in turn as markers of auditory prosody. Here, we 
examine whether co-verbal gestures could help infants parse 
the input into prosodic units such as phrases, and discover the 
basic word order of the native language. 

In a first study we show that adult talkers spontaneously 
produce co-verbal gestures signaling phrase boundaries across 
languages and speech styles: Japanese and English, adult- and 
infant-directed speech. A second study shows that adult 
speakers use co-verbal information, specifically head nods 
marking phrasal prosodic prominence, to parse an artificial 
language into phrase-like units that follow the native 
language’s word order. Finally, a third study shows that the 
presence of co-verbal gestures—i.e. head nods—also impacts 
8-month-old infants’ segmentation preferences of a 
structurally ambiguous artificial language. However, infants’ 
ability to use this cue is still limited, suggesting that co-verbal 
gestures might be acquired later in development than visual 
speech, presumably due to their greater inter-/intra-speaker 
variability. 
Index Terms: visual prosody, co-verbal facial gestures, 
language acquisition, prosodic phrases, word order 

1. Early acquisition of word order 
The languages of the world are split into two major 
typological classes as a function of their basic word order, 
defined as the relative order of Verbs and Objects. Around 
half of the world’s languages have an Object-Verb (OV) 
order, like Hindi or Basque (e.g. Basque: dortokaObject 
elikatzen dutVerb—turtle feed aux-1pers-sg “I feed the turtle”). 
The remaining languages have a Verb-Object order instead, 
like Italian or English (e.g. English: I feedVerb the turtleObject). 

From their first multiword utterances, infants tend to 
follow the word order of their native language [1]. What cues 
allow them to configure this core grammatical feature? 
Bootstrapping accounts have uncovered two sources of 
information in the signal that correlate systematically with the 
order of Verbs and Objects: the frequency distribution of 
functors and content words (word frequency cue, [2]) and the 
location and acoustic realization of phrasal prominence 
(prosodic cue, [3], [4]). Functors (e.g. determiners, 
adpositions, verbal inflection: the, behind, jump-ed) occur 

extremely frequently in the input but are typically acoustically 
non-prominent elements. In contrast, content words (e.g. 
nouns, verbs, adjectives: turtle, dance, sweet) are much less 
frequent elements, but phonologically more salient, carrying 
phrasal prominence. In OV languages (e.g. Japanese, Basque) 
functors tend to occur phrase-finally, and the phrasal 
prominence carried by the content word is realized through 
higher pitch and/or intensity, resulting in a high-low/loud-soft 
pattern (e.g. Japanese: ^Tokyo ni, ‘Tokyo-to’). In turn, 
functors in VO languages (e.g. English, Spanish) tend to occur 
phrase-initially, and the phrasal prominence carried by the 
content word is realized though increased duration, resulting 
in an iambic or short-long pattern (e.g. English: in Lo:ndon) 
[3], [4]. 

Infants—mono- and bilingual—use phrasal prominence as 
a direct cue to word order [3], [5]. Bilingual 7-month-old 
learners of a VO, functor-initial language and an OV, functor-
final language, parse a structurally ambiguous artificial 
language (AL) that allows both possible word orders into 
frequent-initial units when the AL contains a durational 
contrast (i.e. when “content words” are lengthened), but into 
frequent-final units when the AL contains a pitch contrast 
instead (i.e. when “content words” have higher pitch) [3]. 

This prosodic cue might hence allow prelexical infants to 
build a rudimentary representation of word order. Indeed, 
sensitivity to auditory prosody is attested very early in 
development. Infants as young as 6 months of age can use 
prosodic information to segment phrases [6], [7] from 
continuous speech. However, infants’ ability to parse prosodic 
phrases from the input appears to still be emerging and to 
depend on the quantity and strength of the prosodic 
information [6]. We hypothesized that the potentially 
redundant information provided by the facial gestures with 
which talkers spontaneously accompany speech could help 
infants accomplish this feat. 

2. The audiovisual speech signal 
Speech perception is a multisensory process, and both adults 
and infants benefit from the visual information available in 
face-to-face interactions. Visual speech—the movements of 
the articulators (e.g. jaw, lips, tongue)—plays an important 
role in speech perception from early in development, 
enhancing speech intelligibility, helping infants acquire 
phonetic categories, and allowing infants and adults to 
discriminate languages (see [8] for a review). 

Although co-verbal facial gestures, such as head and 
eyebrow motion, do not directly result from the production of 
speech sounds, they co-occur with speech, and correlate with 
speech acoustics such as F0 and amplitude [9]–[11]. As visual 
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speech, these gestures also influence speech perception, 
facilitating speech intelligibility [10], [12]. Moreover, they are 
proposed to act as markers of visual prosody [13]. Thus, 
talkers produce them spontaneously accompanying prosodic 
prominence and focus, and seeing head and eyebrow motion 
enhances our perception of these phenomena when aligned 
[14]–[17], but hinders it when auditory and visual prominence 
are incongruent [18]. Interestingly, the frequency of 
occurrence of co-verbal facial gestures appears to be 
modulated by phrasing as well as by the strength of the 
prominent element. Thus, Japanese talkers produce head nods 
in 30-40% of phrases containing a strong boundary but only in 
10-15% of phrases with a weak boundary [19], and English 
talkers mark phrasal stress with both head and eyebrow 
motion, but mark word stress only with head motion [20]. 

We hypothesized that visual information might play a 
particularly important role for young learners, e.g. infants in 
their first year of life, who are still acquiring the lexicon and 
rules of their language and hence have limited access to top-
down linguistic knowledge. Co-verbal facial gestures, as 
visual markers of prosody, could allow listeners to locate the 
boundaries of prosodic units, specifically phrases, in the 
continuous speech input. As prosodic phrases correlate with 
underlying syntactic phrases [21], [22], and prelexical infants 
are already sensitive to this relationship [6], [7], information 
that may help infants parse the input into prosodically relevant 
phrases could in turn allow them to discover syntactically 
relevant properties of phrases before accumulating substantial 
lexical knowledge. Specifically, we hypothesized that co-
verbal facial gestures might help prelexical infants parse the 
multimodal speech input into phrases and acquire the basic 
word order of the native language. In what follows, I review 3 
research series investigating the role of these visual gestures in 
speech segmentation and in the acquisition and processing of 
word order in early infancy and adulthood. 

3. Do talkers produce co-verbal facial 
gestures cueing word order? 

Firstly, in the research published in [23], we sought to 
determine whether the multimodal speech signal contained 
visual information that might reliably cue word order. As 
visual markers of auditory prosody, we hypothesized that 
talkers might systematically produce co-verbal facial gestures 
accompanying the auditory prosodic cue to word order present 
in the signal, namely phrasal prominence. 

To that end, we recorded the productions of talkers of two 
languages with opposite basic word orders, Japanese (OV, 8 
talkers) and English (VO, 7 talkers), to determine potential 
cross-linguistic differences in their production of co-verbal 
gestures. Talkers were recorded producing utterances in 
Adult- as well as Infant-Directed Speech (ADS and IDS, 
respectively). All talkers were females and mothers at least an 
infant or young child. 

Talkers were asked to produce target phrases containing a 
content word—a noun—and a functor, and which were 
embedded in an invariant carrier sentence (e.g. English: In 
English, [behindfunctor cabinetsnoun]target phrase is a phrase; 
Japanese: Nihon de, [Mizunonoun niwafunctor]target phrase aru). 
These were intermixed with filler sentences (e.g. Rabbits have 
long ears), to facilitate the production of IDS. We analyzed 
the occurrence of head and eyebrow motion, the two co-verbal 
gestures shown to enhance perception of prosodic prominence 

[14]–[17], in parallel to conducting acoustic analysis of the 
talkers’ productions. Eyebrow movements and head nods were 
manually coded, and head motion was additionally analyzed 
using Optical Flow [24]. 

The results of these analyses revealed that, contrary to our 
hypothesis, talkers did not produce co-verbal gestures reliably 
accompanying acoustic phrasal prominence. Instead, they used 
these visual cues to signal the boundaries of the target phrases. 
Thus, both the Japanese and English talkers produced eyebrow 
raises and apices (i.e. the movements’ maximum excursions or 
peaks) systematically at the beginning of the target phrases. In 
turn, the ends of apices (when sustained) and of movements 
tended to occur in the (second and) final element of the 
phrase, although less frequently so. In addition, talkers in both 
languages tended to produce head nods in the final element of 
the phrase. These results suggest that eyebrow movements 
combined with head nods might be used as a cue to prosodic 
boundaries across languages. 

Although IDS and ADS were not directly compared in this 
analysis, their patterns of results suggest qualitative 
differences across speech styles. Specifically, talkers in both 
languages seemed to provide more frequent or pronounced co-
verbal gestures in IDS than in ADS. These results call for 
further studies confirming or disproving this speculative 
interpretation. 

In sum, this research shows that the audiovisual speech 
signal—across speech styles and typologically distant 
languages—contains multimodal information that could help 
infants locate the boundaries of phrases. Parsing the 
continuous input into phrases could in turn allow infants to 
detect some of the regularities of the language under 
acquisition. For instance, locating the prominent element 
within the phrase could allow infants to discover the basic 
word order of their native language. Future studies should 
examine new languages to determine the cross-linguistic 
validity of these results, and establish whether similar visual 
cues are observed in ecologically more valid contexts, i.e. in 
naturalistic interactions. 

4. Do co-verbal facial gestures help adult 
listeners parse new input into phrases? 

Having established that the speech signal contains multimodal 
information signaling phrase boundaries, in the research 
published in [25], we investigated whether adult speakers of 
languages with opposite basic word orders could use co-verbal 
facial gestures to parse unknown (artificial) languages into 
phrase-like units. 

The handful of studies available show that adults can use 
different types of visual information to segment word forms 
from the speech input—artificial languages—as long as the 
visual cues align with the boundaries of the target words or 
occur temporally close to them. Thus, adults use visual speech 
[26], [27], as well as non-facial visual information such as 
looming shapes or static pictures of unrelated objects [28], 
[29]. However, the role of coverbal gestures in speech 
segmentation remained unexplored prior to our research. 

In a series of three artificial language learning studies with 
6 groups of English monolinguals and 6 groups of bilingual 
speakers of English and a OV language (Japanese, Hindi, 
Korean, Urdu...), we examined whether adult listeners used 
co-verbal facial information, specifically head nods, to parse 
speech into phrases, and exhaustively investigated the 
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interplay between this visual cue and two other cues known to 
impact phrase segmentation cross-linguistically, namely word 
frequency and phrasal prosody [30]. 

We created a series of ALs based on the one originally 
designed by Gervain and colleagues in [31]. All ALs were 
composed of frequent and infrequent elements, mimicking this 
statistical property of functors and content words, respectively, 
in natural languages. Frequent and infrequent elements were 
concatenated in strict alternation, creating a continuous 
stream. The crucial characteristic of these ALs is that, by 
ramping the amplitude of the beginning and end of their 
streams, they were rendered structurally ambiguous, allowing 
two possible parses that varied in the order of their elements: a 
frequent-initial order—i.e. in which units start with a frequent 
element—mirroring the word order characteristic of VO, 
functor-initial languages, and a frequent-final order—i.e. in 
which units end in a frequent element—as found in OV, 
functor-final languages. Previous work by Gervain and 
colleagues has shown that adults and prelexical infants are 
sensitive to word frequency as a cue to word order: they 
spontaneously track the frequency distribution of the elements 
in the linguistic input, and prefer to segment the ambiguous 
stream into units that follow the word order of their native 
language (frequent-initial or frequent-final) [2], [31]. 

In some of the ALs, in addition to the alternating frequent 
and infrequent elements, the infrequent, content word-like, 
elements received prosodic prominence. Meanwhile, frequent, 
functor-like elements remained non-prominent, as in natural 
languages. Some ALs mimicked the realization of phrasal 
prominence characteristic of VO, functor-initial languages: a 
(short-long) durational contrast. Other ALs mirrored phrasal 
prominence in OV, functor-final languages instead: a (high-
low) contrast in pitch. 

We sought to determine whether the use of head nods 
signaling phrasal prominence (with or without the concurrent 
presence of acoustic phrasal prominence) would impact 
listeners’ segmentation preferences of the ambiguous ALs. 
Thus, we systematically manipulated word frequency and 
phrasal prominence with and without the addition of the co-
verbal gesture of head nodding, to determine their relative 
disambiguation of the ALs’ word order. We chose head nods 
on the basis of previous studies showing that this gesture has 
an advantage over eyebrow motion in signaling prominence 
and focus [17], [32], and the finding that head motion is larger 
in syllables containing lexical or phrasal stress than in 
unstressed syllables [20]. The head nods were produced by an 
avatar—an animated line drawing of a male face—and their 
peak fell on the infrequent elements (i.e., on the “content 
words”). During the study, participants were first familiarized 
with the audio and/or visual ALs during several minutes 
(between 6 and 10 minutes, depending on the condition), then 
listened to pairs of sequences that differed in their word order 
(frequent-initial vs. frequent-final) and were asked to choose 
the sequence of each pair that sounded more like the language 
heard during familiarization. 

The results of these experiments revealed that the presence 
of head nods facilitated adult listeners’ segmentation of the 
ALs, but only when concurrent with acoustic phrasal 
prominence. This finding suggests that, rather than acting as 
an independent cue to segmentation, head nods cue the 
prosodic structure of the input, which in turn helps the listener 
in segmenting it. Interestingly, this visual cue appeared to 
have weaker impact in the segmentation of monolingual as 

compared with bilingual listeners. This finding aligns with 
previous studies showing a bilingual “advantage” in the use of 
visual speech in other areas of speech processing such as 
language discrimination [33], [34]. This research provides thus 
further evidence that co-verbal gestures—at least head 
nodding—act as visual markers of prosody, and reveals that 
head motion is a segmentation cue available to adult listeners. 

5. Do co-verbal facial gestures help infants 
parse the input into phrases and acquire 

word order? 
Co-verbal visual cues in the form of head nodding help adults 
parse new input into phrases. In the research published in [35], 
we investigated whether the presence of head nods concurrent 
with phrasal auditory prominence similarly facilitated infants’ 
parsing of new input—i.e. an artificial language— into phrase-
like units. Prelexical infants make fine-grained use of visual 
speech—the movements of the articulators—in various 
aspects of speech perception (see [8] for a review), including 
segmentation. Thus, infants use visual speech as well as non-
facial visual information (i.e. a synchronous oscilloscope 
display) to segment words from a novel stream [36]. Whether 
co-verbal facial gestures would similarly assist infants to 
segment speech—as found with adults—remained unexplored. 

To answer this gap in out knowledge, we created two ALs 
based on the infant AL originally designed by Gervain and 
Werker in [3]. Note that these ALs are simplified versions of 
the adult AL in [31], which in turn served as basis for the adult 
ALs described in the previous section. The infant ALs in the 
present research consisted hence of the strict alternation of 
frequent and infrequent elements and were rendered 
structurally ambiguous allowing two possible word orders: 
frequent-initial and frequent-final. 

In addition to word frequency information, the ALs 
contained the phrasal prosodic pattern characteristic of VO, 
functor-initial languages, namely a contrast in duration (such 
that infrequent elements were longer). Finally, we added 
visual information to the two ALs in the form of an avatar: an 
animated line drawing of a female face producing head nods. 
In the first AL, the peak of the head nods occurred at the 
center of the infrequent and prosodically prominent (i.e. long) 
syllable. This AL provided hence aligned visual and prosodic 
information about phrasal prominence. The second AL 
provided misaligned visual and prosodic cues instead, as the 
peak of the head nods occurred now at the center of the 
frequent and prosodically non-prominent syllable. Infants 
watched the avatar and listened to the stream during 4 
minutes, then listened (no visual component) to sequences 
instantiating the two possible orders (i.e. frequent-initial and 
frequent-final). Using the Headturn Preference Procedure, we 
measured their listening preferences to the two types of 
sequences. 

A group of 4- and a group of 8-month-old English-
learning infants were presented with the aligned AL. Another 
two groups of 4- and 8-month-old English-learning infants 
were presented with the misaligned AL. While 7- to 8-month-
old infants are sensitive to and integrate concurrent frequency-
based and prosodic cues [5], this ability had not yet been 
attested in younger infants. Indeed, at 6 months of age infants 
seemingly fail to integrate correlated statistical and rhythmic 
information [37]. Yet, we speculated that the high redundancy 
provided by the three aligned cues (frequency, prosody and 
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visual information) might allow young infants, even as young 
as 4 months of age, to segment the ambiguous stream. 

Contrary to this prediction, the two groups of 4-month-
olds showed no segmentation preference, i.e. no preference for 
either of the two possible orders. This result suggests that they 
might not yet be able to process and integrate the three sources 
of information, despite their high redundancy. Alternatively or 
in addition, they might not have acquired the properties of the 
native language necessary for implementing these parsing 
strategies yet. 

Interestingly, 8-month-old infants evidenced a preference 
for the frequent-initial word order characteristic of their native 
language (English, VO, functor-initial), but only in the 
misaligned condition. The fact that this word order preference 
only obtained in one of the two AL—both of which contained 
the same auditory cues signaling a frequent-initial order—
shows that infants did not disregard the visual information 
altogether. Instead, these results could be interpreted as 
suggesting that the audiovisual signal was too complex for the 
8-month-olds, who failed to integrate the visual and auditory 
cues. However, given infants’ sophisticated abilities to process 
visual speech, we consider it unlikely that simultaneous 
exposure to auditory and co-verbal visual cues disrupted 
infants’ processing. Thus, we interpret this pattern of results as 
suggesting an emerging yet still limited ability to make use of 
co-verbal facial gestures, due to the unsystematic presence of 
co-verbal gestures in natural productions. Co-verbal gestures 
have great inter- and intra-speaker variability [38], and unlike 
visual speech, they are not necessary to the production of 
speech sounds. These gestures occur thus less frequently in 
natural productions, and are hence less reliable cues than 
visual speech. Eight-month-old infants might still be 
discovering the relation between head nods and prosodic 
prominence. Future studies will examine older infants with 
this paradigm, to map the trajectory of infant acquisition of co-
verbal facial gestures. 

6. Conclusions 
The first study reviewed here showed that adult talkers—
across languages and speech styles—produce co-verbal facial 
gestures marking the boundaries of phrases. The second series 
of studies revealed that the presence of co-verbal gestures, 
specifically head nods, facilitates adult listeners’ segmentation 
of unfamiliar (artificial) languages, although only when 
concurrent with auditory prosody. This finding provides 
mounting evidence to the claim that head nods act as visual 
markers of prosody. Finally, the last research series showed 
that the presence of co-verbal gestures—i.e. head nods—also 
impacts 8-month-old infants’ segmentation preferences of an 
unfamiliar language. However, infants’ limited ability to use 
this cue suggests that they might still be discovering the 
relation between co-verbal gestures and the speech acoustics. 

In conclusion, this research suggests that head nods, as 
visual makers of phrasal prosodic prominence, might not assist 
infants build an initial representation of basic word order. 
Future studies will seek to determine whether the concurrent 
presence of eyebrow and head motion at phrase boundaries 
observed in the productions of talkers in IDS and ADS allows 
infants to extract these constituents from the input. This step 
could in turn be instrumental in detecting the location of the 
frequent elements (i.e. functors) and the acoustically 
prominent words (i.e. the content words carrying phrasal 

prominence) within phrases, ultimately allowing prelexical 
infants to discover the word order of their native language. 
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