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Abstract

The unfolding of events in speech ontogeny can be
described as the progressive mastering of the degrees of
freedom of speech articulators, a process that is to be
related to training, imitation, and neural maturation in the
child’s brain. In this framework, we have shown in
previous studies, that canonical babbling, a major step in
language development, can indeed be related to  the
sudden emergence of control over the carrier articulator,
i.e. the mandible, in the absence of any other voluntary
control over the other speech articulators such as the
velum, the lips and the tongue. However if the mastering
of mandibular oscillations can be described as the basic
carrier structure in speech, this protosyllabic frame will
not be adapted to the needs of human adults until the baby
is capable of controlling globally its vocal tract from the
glottis to the lips, in order to achieve an efficient acoustic
intra-syllabic contrast. One element in this global control
is that of the velum, which enables to have a fully oral
vocal tract, therefore to produce salient consonant-vowel
sequences. We have studied the evolution of this control
in speech development from an audio-visual digital video
corpus of 6 French children. We have been able to show
that there is an active control of the velum as soon as 6
months, evidenced by lowering and raising  movements
during an utterance, and that the proportion of nasal
sounds reaches adult norms about 11 months, indicating
that a first stage in the mastering of the velum is by that
time reached, the next one being the control of nasal
vowels.

1. Introduction

1.1. Development of frame control
Babbling, as the first appearance on the stage of speech
development of series of open-close alternations of the
vocal tract, has been the focus of a number of studies for
many years. It has been considered as the emergence of
proto-syllables: the first time when a baby is able to
coordinate glottal gestures with supra-glottic rhythmic
movements, i.e. the basic structure of human
communication. In his “Frames, then Content” theory of
speech communication, MacNeilage [11] has put forward
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ea that these proto-syllabic frames are due to the
e oscillation of of the mandible in the absence of any
control over carried articulators. Many studies after
unding paper have endeavoured to test the weight of

ibular oscillations, and the extent to which they
 can explain the vocal products of babbling. The
lation between the places of articulation of
nants and vowels within one babbling “syllable” has
investigated and taken as an argument for the non-
endance of these two parts of a protosyllabic
nce, therefore an evidence that these two parts are to
tributed to the same movement of one single
lator, the mandibular carrier (Davis et al. [5],
ar et al. [14], Vérin [21]). Another study [Vilain et
2] has tested the possibility that mandibular

ations could actually be the source of babbling
cts, by reproducing them with articulatory models
ich all degrees of freedom except for the mandible
een frozen. The results supported the theory: their
f models, in spite of being too small to constitute a
entative sample, was sufficient to yield the two
consonantal place types observed in babbling
ses.
ver if the controlling of mandibular oscillations can
d be described as the basic carrier structure in
h, this protosyllabic frame will not be adapted to the
 of human adults until the baby is capable of
lling globally its vocal tract from the glottis to the

n order to achieve an efficient acoustic intra-syllabic
st. One element in this global control is that of the
, which enables to have a fully oral vocal tract,
ore to produce salient consonant-vowel sequences.
ave run a first study on the development of the
l of an oral vocal tract, with the mastering of the
, evidenced by the evolution of nasal consonants in
eech babbling.

he oral/nasal control: a major step in speech
evelopment
 consonants represent 14.6% of the consonantal
s of the world’s languages (cf the UPSID 451
se, Stefanuto [18] ), nasal vowels are 22.4% of the
s (Vallée, [20]). The explanation we can put forward
ch a small proportion is the relatively bad auditory



salience of these sounds in a syllable. A sequence
consisting of a nasal consonant followed by a vowel has
little auditory contrast, since the nasal consonant, as well
as the vowel, shows a large amplitude and a formant
structure. Such a sequence hardly shows the non-sonorant
– sonorant pattern that characterizes a syllable in the
majority of cases in the world’s languages. Moreover
nasals’ places of articulation are poorly identifiable:
languages do not exploit many different places of
articulation.
These sounds are produced with the velum raised against
the pharyngeal wall, that is an active movement of the
velum. The question is then: is a closed velopharyngeal
port the default position of the velum from birth ? A
number of studies [9, 17] have shown that baby
vocalizations contain a large proportion of nasal sounds.
Then how and when is the control of this particular velum
gesture acquired by the baby ? We have studied the
evolution of the proportion of nasals in babbling, to
determine when the baby reaches adult-like norms. The
evolution of nasality was evaluated from the proportion of
nasal consonants.

1.3. Different controls for nasal consonants and
vowels ?

Opening the nasal tract by way of lowering the velum has
very different consequences, whether the vocal tract is
open or closed. If the vocal tract is closed as in occlusives,
the nasal fossae will act as a resonator and induce the
appearance of formants, therefore a dramatic change in
the acoustic structure of the consonant. Thus the
difference between the two positions of the velum in a
consonant yields very obvious and unambiguous cues on
the speech signal. Starting from an open vocal tract to
lower the velum, i.e. changing from an oral to a nasal
vowel does not modify radically the acoustic nature of the
sound, but has rather slighter effects, such as widening the
bandwidth of the first formant, lessening the amplitude of
this first formant, lowering the frequency of the second
formant...Actually, the detection of reliable acoustic
correlates of nasality in vowels still represents a stumbling
block for acoustic researches. Spectral shape for example
was once supposed to be a good correlate of nasality, but
it proved unreliable (Kinney, [7] ). Detecting nasal
consonants rather than nasal vowels is therefore more
reliable, and all the more in baby vocalizations.
A second argument in the favour of studying nasality in
consonants is to be found in Rossato et al. [16]. They have
studied the movements of the velum in a French speaker
through electro-magnetic articulometry measurements,
and particularly the distribution of velum vertical
positions for oral versus nasal vowels, and oral versus
nasal consonants. Oral vowels are here to be understood
as parts of the French phonological oral category, and
acoustically analyzed as oral. What comes out of this
study is that the difference from an oral to a nasal
consonant can be realised by a mean 2 mm movement of
the velum, whereas a nasal vowel needs a much more
widely open nasal tract and so a larger downward
movement of the velum (mean difference between the
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changing from the oral to the nasal mode in
nants represents a small effort, needing little energy,
 the change in vowels is an effortful gesture.
over it appears that an oral vowel can even be
ced with a small aperture of the nasal tract,
ally for low vowels. In other words, a small opening
 velopharyngeal port will not yield radical acoustic
es in an oral vowel whereas it will change radically
coustic structure of a consonant, and a [mama]
nce can be produced with a stable slightly lowered
n of the velum.
mary, if the slightly open configuration of nasal

nants may be considered as a default position of the
 in the early stages of development, the low position
sal vowels may imply a complex control of the
, that should develop much later in ontogeny. This

 light on the studies that should be carried on about
ty in babbling vocalizations: no strong effect is to be
ted in the acoustic structure of vowels until the time
the baby is able to control a large opening of the

haryngeal port, while nasal consonants may show
olution of a first stage in the development of this
l.

vidence for an active control
rd et al. [15] have carried on a study about
ction constraints on utterance-final consonants in
ing, from the beginning of babbling to the age of 12
s. In particular, they focussed on changes in oral vs
manner within one utterance, and found more

es from oral to nasal, that is more nasals in final
on. The interpretation they gave to this result is that
ange from oral to nasal would be merely due to a

ase in the amount of energy at the end of an
nce. In other words, an oral vocal tract would result
strong global energy given to the production of an
nce, while nasality would be a default position when
ergy decreases, a relaxation position, implying no

tary control. This observation had been made as a
arison with a former study by Coberly [4], that gave
pposite results: more changes from nasal to oral
er within one utterance. We studied this point in our
s.

 control developing on auditory stimulation
 studies have shown that infants with hearing loss
ce a larger proportion of nasal consonants than
l hearing infants. This suggests that the infant must

le to hear that the adult language is predominantly
asal in order to motivate changing from the resting
n of an open velopharyngeal port.
ffrey et al. [10] have studied the evolution of
ty in a 25-month profoundly hearing-impaired infant
ing a multichannel cochlear implant. They showed
re-implant productions were around 80% nasal

nants and that this proportion reduced dramatically
 seven months after the implant, to reach the same
rtions as normally hearing infants. This suggests that
veloping infant needs access to auditory information



to stimulate the oral production mode. They conclude that
if normal access to extrinsic and intrinsic information is
available, an infant will be capable of achieving the low
frequency of nasality in the ambient language within
seven months.

2. Corpus and method

2.1 An audio-visual corpus
The corpus we have worked on was recorded by S. Brosda
[3] and consists in audio-visual recordings (VHS + DAT,
then DV) of 6 French children aged 6 to 15 months. The
infants have been recorded in their family environment
during 45 minutes every fortnight, from the date when the
parents signalled the begin of the babbling until 9 months
later.
The present study bears on the data of one child from the
age of 6 to 12 months, from babbling onset to the first
words. It consists in 10 sessions. The acquisition of the
corpus  was made by S. Brosda. The audio data were
digitally acquired at a sampling rate of 22.050 Hz, and the
child’s productions were compiled in a separate file, each
vocalization separated from the next by a 2 second
silence. The vocalizations that were retained are
productions that corresponded to the babbling criteria [8]
(no burps, laughs, coughs, or raspberries) .

2.2 The transcription
The corpus has been transcribed through successive
analysis by two phonetician experts, using CLAN
(Computerized Language ANalysis), a program from the
CHILDES Database (The CHIld Language Data
Exchange System) (MacWhinney [12,13] ). The
transcription method is inspired by the AMSTIVOC
system (Amsterdam System for Transcription of Infant
VOCalizations, Koopmans van Beinum [8], Brosda [2]). It
is based on a source-filter description of infant
productions, and describes the phonation type and the
articulatory gestures employed rather than attributing
phonetic symbols to productions. In this method, the
segmentation unit is one respiration cycle.
The overall structure of the productions is described with:
number of rhythmic unities, number of visible jaw wags,
number of silent jaw wags, phonation type throughout the
utterance, serial position of the constrictions if any, and
number of constrictions within the utterance.
Then each rhythmic unity is detailed with (i) the
consonantal sound: place of articulation, the manner of
constriction, voicing, type of change from one closant to
the next, (ii) the vocalic sound: vocant quality (defined as
an area of the F1/F2 vocalic space divided in twelve
parts), type of change from one vocant to the next, extra
vocalic qualities, and (iii) global place of articulation of
the rhythmic unity. Finally the transcription includes the
number of CV-like unities and the utterance type in term
of reduplication and variegation.
The transcription of the audio files was complemented
with the video recordings, and based on acoustic analysis
with the PRAAT speech processing software. We used the
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3. Results

irst outcome of the study is the number of nasal
nant-like sounds, as a proportion to oral occlusive
nants for the child CB (Figure 1). We are not
aring nasals with consonants other than occlusives,
nasality would not be detected in a non-occlusive
nant. The first observation we can draw is that the
rtion of nasals keeps lessening from seven months
e proportion is 52.94% at 7 months, and 16.86% at

onths.  At this age, the baby has reached the
rtion of nasals in French, her native language
ch, [19] ), a fact that we may consider as an
ce for a fully mastered velum. It is to be noted that

 age of 12 months, the proportions of nasal sounds
nly increase greatly in the infant’s productions. This
menon is to be explained by a lexical effect, with
pearance of words such as “non” (no) and “maman”
my) in the child’s language, and lead us to remove
ta from our study.

e 1: proportion of nasal consonants against oral occlusives,
for child CB, from 6 to 11 months

d, we studied the contexts in which nasal closants
r in CVC syllable-like sequences. We observed from
ths the changes in manner from oral to nasal within
dibular protosyllabic cycle, an evidence of an active
ol of the velum. We observed an important
ction of CVC sequences from seven months on and
se CVCs we observed more changes from nasals to
than changes from orals to nasals, contrary to the
rd et al. results [14]. We observed the productions in
xt CCV to see if the phenomenon was the same
there were no vowel between the consonants. The
type of changes as previously was observed. This
 as an element to attest an active movement of the
 during mandible oscillations, which would mean

velar movements are not implicated in frame
ance, and should rather be considered as an
endent parameter, whose development will
ally ensure better frame control.



Articulatory and acoustic data indicate that nasalizing a
vowel or a consonant implies very different motor skills.
The velum position in a nasal consonant  seems to
correspond to a default, passive position of this articulator,
which is actually very close to the position required for
oral sounds, while nasal vowels require a greater effort,
therefore better motor skills, to widely open the
velopharyngeal port. This explains the fact that nasal
consonants are easily and frequently found in early infant
vocalizations, whereas no strong evidence is found for
nasality in vowels, at least until 12 months of age.
Our observations lead us to think that the velum is already
controlled at 6 months, because the child can move her
velum during the production of sound and movement of
the mandible, but is not yet completely mastered. The
mastering of the velum should be dated for this child
about 11 months, when she reaches adult-like proportions
of nasals against oral consonants. The final stage in the
development of this control will be reached when the baby
is able to produce fully nasal vowels, and this is to be
tracked later in the development.
Data from hearing-impaired children suddenly accessing
auditory information through multichannel cochlear
implantation, support the idea that this control develops
on the basis of the perceptuo-motor circuit. These data
indicate that the production of oral sounds is stimulated by
auditory information, and it would be interesting to know
how far the development of this control is guided by these
auditory information, by comparing the developments of
children from different native languages, particularly
children whose mother tongue does not contain any nasal,
for example.
The control of a vocal tract with raised velum stands as a
significant stage in speech development chronologically
situated between the emergence of the mandibular
cyclicities and the development of the segmental content
through accurate control of the carried articulators (= lips,
tongue). This control is a major index of the progressive
mastering of fully controlled proto-syllabic frames, also
evidenced in the development of efficient oro-laryngeal
coordination. These motor skills will allow the
development of acoustically salient CV sequences, that is
actual syllables, from protosyllabic frames.
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