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ABSTRACT

This paper examines the timing of anticipatory
nasalization in French and relates it to individual
speakers’ realizations of phonologically nasal
vowels. We explore the possibility that coarticulation
in VN sequences is more extensive for speakers who
only differentiate nasal and oral vowels to a limited
extent based on nasality. Nasal intensity was
measured in a time window preceding a nasal
consonant or oral control segment (VN/VC) as well
as on speakers’ nasal and oral vowels (V/V). The
results suggest that speakers for whom V and V differ
less in nasality display earlier and more variable
coarticulatory timing in VN sequences. Possibly, in
speakers for whom nasality is less informative as a
cue for the V/V contrast, anticipatory nasalization is
less likely to mask said contrast and thus
coarticulation can be more extensive and variable.
The results contribute to our understanding of how
speaker-specific manifestations of phonological
contrast shape coarticulatory behavior.

Keywords: coarticulation, nasalization, speaker
variability, contrast, French

1. INTRODUCTION

It is often argued that phonological contrast acts as an
important constraining force on coarticulation [1],
ensuring that underlyingly distinctive features are not
conflated with each other. For instance, in French,
where there is a V/V contrast, rates of anticipatory
nasalization are relatively low when compared to
English, where there is no V/V contrast [2, 3]. The
rationale is that extensively contextually nasalized
oral vowels in French might lead to listeners
confusing them with a phonologically nasal vowel.
This view receives support from the fact that
anticipatory nasal coarticulation in French is
especially constrained in the (mid)-low vowel space,
where oral and nasal phonemes are crowded, as
opposed to the high part of the vowel system, where
there are no nasal vowel phonemes (e.g. [4, 5, 6, 7]).
That is, anticipatory nasal coarticulation is most
constrained in contexts where contrast is most at

stake. While this contrast hypothesis captures these
particular facts about French nasal coarticulation, it
cannot account for the considerable inter-speaker
variability in coarticulatory timing reported in studies
like [5, 7].

While examining nasal coarticulation typically
involves nasality as a single parameter, nasal vowels
and speech sounds in general differ along multiple
phonetic dimensions. Also, the importance that a
phonetic parameter has in contrasting two speech
sounds can vary between speakers (so-called ‘cue-
weighting’: see [8] for a review). Contrary to the
traditional conception of nasal vowels as oral vowels
with a [+nasal] feature [9], it was found that French
nasal vowels’ oral articulations are shifted with
respect to their supposed oral vowel counterparts
(e.g., [10, 11, 12]). The French V/V contrast is thus
not maintained by nasality alone but by vowel quality
as well (among other dimensions). Furthermore, the
use of nasality in signalling the V/V contrast is not
uniform across speakers of French as shown in [13]:
in some speakers the difference between V and V was
not detectable based on velum height alone, but only
by also considering oral articulations. Beddor [14]
suggests  that inter-speaker  variability in
coarticulation is part of a complex production-
perception dynamic, stemming from speaker-specific
configurations of contrast signalling. If this is the
case, it stands to reason that the way a speaker signals
the V/V contrast may be in a systematic relationship
with that speaker’s coarticulatory behavior in VN
sequences. This possibility presupposes that there is a
principled relationship between phonological contrast
and coarticulatory behavior. While such a
relationship has been elusive at a language level [e.g.,
15, 16], the current paper asks whether such a
relationship may be evident at the individual level.

When investigating the role of contrast in
coarticulatory behavior, one must thus take into
account the degree to which the examined phonetic
parameter (nasality) actually participates in
maintaining the contrast (V/V) in an individual
speaker’s contrast system. This in turn might affect
how much contrast can be expected to constrain
coarticulation among individual speakers. For
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instance, contextually nasalized oral vowels might
not put the V/V contrast at stake in a speaker who
does not express the contrast primarily by means of
nasality but rather by other phonetic cues (e.g., vowel
quality). Consequently, anticipatory  nasal
coarticulation could be more variable and extensive
in such a speaker.

The goal of this paper is therefore to quantify
the timing of French anticipatory nasal coarticulation
and its variability as well as to relate them to the
weight nasality possibly has in individual French
speakers’ V/V contrast. In an extension of Beddor’s
hypothesis for speaker-specific cue-trading for
English [14], one can make the prediction that
speakers time nasal coarticulation earlier and more
variably if their V/V contrast is marked less by
differences in nasality. Instead, speakers whose V/V
contrast is heavily marked by differences in nasality,
are predicted to time coarticulation later and more
consistently.

2. METHOD
2.1. Speakers

Native speakers of Northern Metropolitan French
(French hereafter) were recorded in Germany or the
UK while completing a reading task. We aim to
collect data from 30 speakers: here, we present data
from 24 speakers for whom analysis is complete.

2.2. Material

Two sets of stimuli were created: 15 real-word
minimal pairs that are contrasted by a nasal/oral
consonant, which appears in word-initial, word-
medial or word-final position (‘consonant corpus’
hereafter; see Table 1), and 12 minimal pairs that are
contrasted by a nasal/oral vowel (‘vowel corpus’
hereafter; see Table 2). These were embedded in the
carrier phrase ‘Je dis a Cléo X samedi.’ (I told Cleo
X on Saturday), where X is the target word.

initial medial final

mere, pére ligneur, liqueur ’homme, lotte
[mex] [pex] [lincex] [likces] [lom] [lot]
mother, father | eyeliner, liquor man, burbot

Table 1: Consonant corpus: example minimal pairs
for each word position.

The defined region of interest (ROI) spans
from the left edge of [e] in Cléo to the right edge of
the nasal target/oral control segment. Each token was
repeated three times. The two stimulus sets were
joined, randomized for each speaker, and presented in
three blocks.

nasal oral

lin, long, lent lait, lotte, la

[1€] [13] [14] [1€] [1ot] [1a]

flax, long, slow milk, burbot, there

Table 2: Vowel corpus: example stimuli.
2.3. Data recording and pre-processing

We collected acoustic data with a nasalance device
(Glottal Enterprise), which records nasal and oral
signals by means of two microphones separated by an
acoustic baffle. The audio files were segmented
automatically [17]. Using Praat [18], segment
boundaries within the ROI were manually corrected
and a band-pass filter (80-10,000 Hz) was applied to
the recordings. Intensity values within the ROI were
extracted from the nasal channel and mean-corrected
for total intensity of both channels on a token-by-
token basis. In the consonant corpus, nasality was
measured from the start of the ROI to the onset of the
nasal target/oral control consonant. In the vowel
corpus, nasality was measured on the nasal target/oral
control vowel. Tokens with a prosodic break before
the target word were excluded. One speaker was
excluded from analysis due to an overabundance of
prosodic breaks. The final consonant corpus
comprises 1042 tokens, the vowel corpus 763 tokens.

2.4. Quantifying coarticulatory timing in VN

In the consonant corpus, where we contrast VN and
VC sequences, a mean nasal intensity curve was
computed across the three VC repetitions of a pair.
The resulting signal was used as a pair-specific ‘oral’
baseline and subtracted from the corresponding VN
signal, yielding a ‘difference signal’ per token.
Within a pair, signals were trimmed to the length of
the shortest signal. The difference signal computation
is exemplified in Fig. 1: the averaged ‘oral’ baseline
signal for /atte [lat] (top: solid) is subtracted from the
signal of a repetition of /’dme [lam] (top: dashed),
resulting in a difference signal (bottom: dotted).
Using the sicegar package [19] in R [20],
sigmoid functions were fitted to the time- and
magnitude-normalized difference signals of the
consonant corpus. Fig. 1 (bottom: solid) shows an
example of a fitted sigmoid of a difference token of
[’dme [lam]. The x intercept of the inflection point’s
tangent is then used as a proxy for coarticulatory
timing, which we call the ‘divergence point’. Each
difference signal was fitted twice: once using a single
sigmoid fit and once using a double sigmoid fit.
Whichever fit resulted in a better accuracy score (AIC
score) was chosen to calculate the token’s divergence
point in normalized time. Normalized time values



were then transformed to timing values in seconds. A
5% RMS threshold was applied to exclude tokens for
which there was no good fit, leaving 938 tokens for
analysis.

The mean and standard deviation (SD) of the
divergence points of every speaker were then
computed to obtain speaker-specific values
representing timing of coarticulation (mean) as well
as variability of timing (SD). While this means that a
speaker’s entire data is collapsed into two values, this
enables a direct comparison with values obtained
from their nasal vowel productions.
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Figure 1: Top: Nasal amplitude signal of a single nasal
token of /’dme (solid) compared to the mean oral baseline
signal of three repetitions of /atte (dashed). Bottom: Nasal
difference signal of a token of /’dme (dotted) and its fitted

sigmoid (solid). The black solid line marks the inflection
point of the sigmoid’s slope. The drawn slope’s x
intercept marks the onset of coarticulatory divergence ().

2.5. Quantifying nasality in the V/V contrast

To obtain a V difference measure for nasal tokens in
the vowel corpus, an ‘oral’ baseline — computed by
averaging the mean-corrected nasal amplitude across
all oral control vowels of a speaker — was subtracted
from the mean nasality of a nasal V token. Using a
single speaker-specific oral baseline value avoids the
issue of having to pair nasal vowels with supposed
oral ‘counterparts’ (see [20] for a critique). To obtain
a single representative value of V nasality of a
speaker, all the pair difference values for a speaker
were collapsed into a single average value of V/V
difference. A speaker’s V/V difference is interpreted
here as the importance nasality has in expressing the
V/V contrast in that speaker relative to other speakers.

Potential relationships between the speaker-
specific values for the extent of anticipatory
coarticulation (consonant corpus: mean and SD of

divergence point) and V/V difference (vowel corpus)
were analyzed by computing a Pearson correlation.

3. RESULTS

Figure 2 shows the distribution of the onset of
coarticulation (divergence point) in seconds for all
speakers for the consonant corpus. Speakers are
ordered from most (bottom) to least (top) extensive
coarticulation.

There is overall a strong negative correlation
between the means and SDs of the divergence values
(Pearson’s R = -0.84, p < 0.001). This means that
speakers who time the onset of anticipatory
coarticulation more consistently (e.g., speaker 25 and
11) tend to have a smaller extent of anticipatory
coarticulation compared with more variable speakers
(e.g., speakers 1 and 4).

0025 e O
0011 e W
0016 T
0026 e O
0005 I
0007 R I
0013 O S
0017 - —
Q0012 —_— T
0008 . e +—
= 0015 — B
£oo10 B EN——
@ 0023 — —
2 0024 .o : — [—
Q9
00022 . - — -
0020 . L
0021 : c o
0006 . e S —
0018 — 1
0003 o
0004 : {— —
0014 . C 1 3
0009 — T +—
00011 - - s S
0.5 0.4 0.3 0.2 0.1 0.0

Point of divergence (s)
Figure 2: Speakers (y axis = speaker IDs) ranked from
‘earliest’” (bottom) to ‘latest’ onset of coarticulation (top).

Looking at speakers’ vowel productions
suggests that those speakers who time coarticulation
early and variably in VN contexts (e.g., speaker 1 and
4) tend to display smaller V/V differences than more
consistent speakers (e.g., speaker 11). In Fig. 3 all
speakers are ranked from smallest (bottom) to biggest
(top) nasal V/V difference.
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Figure 3: Speakers (y axis = speaker IDs) ranked from
smallest (bottom) to biggest (top) nasal V/V difference.



When mapping the SD of speakers’ divergence
points onto their average V/V difference (Fig. 4), a
strong negative correlation is apparent (Pearson’s R =
-0.53, p ~0.008). This means that in general, speakers
who time nasal coarticulation more consistently tend
to have a greater average V/V difference.

A moderate nonsignificant positive correlation
was found when mapping speakers’ mean divergence
points onto their mean nasal V/V differences (Fig. 5)
(Pearson’s R = 0.33, p ~ 0.121). This means that
speakers with greater mean nasal V/V differences
tend to limit the extent of coarticulation.
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Figure 4: SD of divergence points (x axis) mapped onto
mean nasal V/V difference (y axis). Each data point
represents a speaker.
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Figure 5: Mean of divergence points (x axis) mapped
onto mean nasal V/V difference (y axis). Each data point
represents a speaker.

5. DISCUSSION

The goal of this paper was to quantify the timing of
French anticipatory nasal coarticulation in VN
sequences and its variability. Furthermore, we aimed
to relate coarticulatory timing to the degree to which
individual speakers’ V/V contrasts are maintained by
means of nasality. The results partially support the
hypothesis we initially formulated based on the
contrast hypothesis: Less involvement of nasality in
the expression of the V/V contrast does indeed
correlate with more variable nasal coarticulatory
timing and generally an earlier onset of nasal

coarticulation, although the latter is not significant.
Here it is argued that the reason for these correlations
is that a contextually nasalized V in an VN context
cannot put a speaker’s V/V contrast at stake if said
contrast only weakly depends on nasality in the first
place.

This line of argumentation, however, implies
that these speakers might rely more extensively on
other informative phonetic cues (such as vowel
quality) to maintain the V/V distinction. In future
studies we will test this assumption by measuring
spectral differences between V and V (e.g., formant
measures) in the same speakers that participated in
this study. We would then expect to find a trade-off
between the difference in V/V nasality and the
difference in vowel quality between V and V.

In summary, the results presented here
challenge a language-level account of the role of
contrast in shaping coarticulatory behavior, according
to which the mere presence of a phonological contrast
constrains coarticulation across the board. Our results
rather support a speaker-level account: The more a
phonetic  parameter (nasality) participates in
maintaining a phonological contrast (V/V) in an
individual speaker’s contrast system, the more
coarticulation is constrained in order to preserve that
contrast. Nevertheless, this does not exclude other
known sources of wvariability in French nasal
coarticulation such as phonotactic restrictions [22] or
vowel height and duration [6], the effects of which
should be re-examined in tandem with individual
speakers’ contrast systems.
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