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Abstract 

This paper analyses coarticulation in Italian and French 
monolingual stutterers tested in fluent speech. Our aim is to 
discover whether the stutterers’ fluent speech presents 
specificities in intra-syllabic coarticulation opposed to the 
fluent speakers. Two factors will be considered: the role of the 
syllabic complexity and that of the language. The participants 
repeat syllables of variable complexity included in a carrier 
sentence. Besides the great importance of the language, our 
results show a reduced degree of anticipatory coarticulation 
(influence of the vowel on the pre-vocalic consonant) in 
persons who stutter. If the complexity of the syllabic attack 
increases, the F2 transition of the stutterers’ speech remain 
stable while the fluents’ one does not. These results show that 
both French and Italian stutterers cannot adapt their 
articulatory gestures when the complexity increases. 
Index Terms: stuttering, coarticulation, F2 transitions, Locus 
Equation. 

1. Stuttering, a motor speech disorder 
Van Lieshout et al. [1] state that the motor abilities of 
stutterers are “limited”. They can be represented as a 
continuum going from a normal to a very deviant behavior [2]. 
This notion of “limited motor abilities” proposed by Van 
Lieshout et al. [1] implies that differences between the speech 
of stutterers and that of nonstutterers are not permanent and 
mainly happen when the stutterers’ speech motor system 
control is destabilized. Stutterers have less adaptation in their 
speech movement coordination than nonstutterers when the 
motor system control is destabilized, as it happens by either an 
increase of the speech rate or modified feedbacks. The fluent 
speech of stutterers may already show differences opposed to 
the speech of nonstutterers. Several studies that have been 
made on the acoustic characteristics of the fluent speech of 
stutterers, left alone disfluencies had contradictory results at 
times. The F2 transitions of English stutterers are said 
“abnormal” or “non existent” in fluent [3] as well as in 
disfluent speech [4]. In anglophone children with persistent 
stuttering, F2 transitions appear as being reduced opposed to 
those of fluent speakers. Such is not the case in the studies of 
Chang et al. [5] and Yaruss and Conture [6]. They do not find 
any differences between the speech of stuttering and 
nonstuttering children. Conversely, Robb and Blomgren [7] 
show that F2 transitions are larger in the perceptively fluent 
speech of anglophone adult stutterers than in nonstutterers. 

For each consonant, the degree of anticipatory coarticulation 
can be measured thanks to the Locus Equation [8]. In Italian 
adult stutterers, the degree of anticipatory coarticulation for 
the sequence /dV/, is the same as that of their fluent 
counterparts [9]. However, the authors note that for three out 
of four stutterers, the degree of coarticulation is much lower 
than that of three out of four nonstutterers. In English 
stutterers, coarticulation is globally alike that of fluent 
speakers [10]. 
The results of these various studies are not consistent. Several 
reasons could explain this lack of convergence. It may come 
from the fact that motor skills are limited and variable in the 
speech of persons who stutters [1]. Some deviances are mild 
and do not entail disfluencies but they nevertheless point out 
differences opposed to the speech of fluent persons. Others are 
important and entail disfluencies. Besides the variability 
inherent in stuttering, these skills are also highly dependent on 
the speech-production task. Some tasks will require more 
complex motor skills. The acceleration of the speech rate is a 
destabilizing factor for stutterers [11]. In fast speech rate, the 
stutterers do not show the “undershoot” phenomenon. This 
undershoot of vowel targets in fluent subjects, underlies a 
reduction in the amplitude of the speech movements, so as to 
make up for the added cost required by the accelerated speech 
rate. On the other hand, linguistic demands are able to perturb 
the production of speech [12], [13], [14], [15]. The 
phonological complexity is one of these linguistic factors that 
tend to disturb the motor system control of the stutterers 
speech, as found for Spanish and English adult stutterers [16], 
[17]. Clusters at the beginning of words increase disfluencies 
in adult stutterers [18]. Another reason of the lack of 
convergence in these studies comes from the fact that the 
degree of coarticulation depends on the language spoken [19], 
[20] and on the place of articulation [21]. The motor behavior 
of stutterers may also show important differences from one 
language to another. These observations incite us to dissociate 
factors that act in a universal way from those that are going to 
depend on the language.  
Given the variety of factors possibly impacting the 
coordination of speech movements in stutterers, we wished to 
measure the degree of coarticulation by controlling as many 
factors of variability as possible. So, we choosed a simple 
syllables repetition task in a non-stressing environment (home 
or a friendly place). We introduced a complexity factor at the 
level of the syllabic structure, with onset of syllable that 
increases in complexity. To study the role of the mother 
language on coarticulatory effects, the same syllables are used 
in Italian and French versions of repetitive tasks for, 
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respectively, Italian and French monolingual participants. We 
hypothesize that the acoustic changes due to a higher level of 
complexity in the syllabic structure will be larger in 
nonstutterers than in stutterers for both Italian and French 
speakers.  

2. Methodology 

2.1. Procedure 

Each participant had to repeat syllables included in a carrier-
sentence like: “je dis X puis X puis X” (I say X, then X, then 
X”)  
The syllables have an increasing complexity: 

• CV where C is /b, d, g/ and V /a, i, u/  
• /sCa/, /Cra/, and /sCra/ where C is /b, d, g/. 

Each sentence is repeated three times randomly. 
In Italian the sibilant preceding a voiced consonant /b, d, g/ is 
always voiced, while this is not the case in French. Another 
articulatory difference concerns the place of articulation of /r/, 
alveolar for Italian and uvular for French. 
The task was to repeat the sentences after the recordings of a 
native speaker. The sentences were also presented on a screen. 
The participant was asked to listen to the sentence, read it, and 
then repeat it. The stimuli were presented both auditory and 
visually in order to avoid repetition errors and limit 
disfluencies. Furthermore, the recordings were performed in a 
quiet room, in a place where speech language pathologists 
usually cared for the stutterers.  
An AKGC, 000S microphone, was placed at 15 centimeters 
from the participant’s mouth and connected to a PMD Marantz 
recorder. Besides, stutterers were also filmed to enable us to 
control all the parameters of stuttering, some being sometimes 
inaudible.   

2.2. Subjects 

The subjects were Italian and French stutterers and 
nonstutterers. In each language we recorded 11 stutterers and 
10 fluent speakers, for a total of 42 participants. The severity 
of stuttering was assessed thanks to the SSI-3 instrument 
(Stuttering Severity Instrument) 3d edition [22]. Among 
Italian stutterers, 2 were mild, 6 were moderate, and 3 were 
severe. Among French stutterers 3 were mild, 6 were 
moderate, and 2 were severe. None of the participants had any 
troubles apart from stuttering and all had hearing within the 
norm. All adult stutterers took part in a fluency shaping 
therapy. But, for most of them this happened quite far in the 
past (at least 5 years).  

2.3. Analysis and measures 

The acoustic signals from recordings were segmented and 
labeled by means of Praat [23]. For each (s)C(r)V target, we 
annotated the release of the plosive consonant,and the onset 
and the end of the vowel. Disfluencies and pronunciations 
errors were also labelled wherever they occured. 
The degree of coarticulation was calculated thanks to the 
Locus Equation [8]. According to Lindblom [8], “Locus 
Equations are linear regressions of the frequency of the F2 
transition sampled at its onset, on the frequency of F2 when 
measured in the vowel nucleus. These frequency values are 
taken for a single consonant produced with three following 
vowels /a, i, u/”. The Locus Equation formula is: 
 

F2onset = k * F2mid + c 
where k and c represent the slope and y-intercept of the 
regression line, respectively. k value is the regression slope 
which gives the degree of anticipatory coarticulation for each 
plosive consonant. A higher k value implies greater influence 
of the vowel on the pre-vocalic consonant.  
We also measured the amplitude of the F2 difference, deltaF2 
(Hz), between 10% and 50% of the vowel (F250-F210) for the 
following syllables: /Ca/,  /sCa/, /Cra/, and /sCra/. We also 
measured the duration of the vowel. 

3. Results 

3.1. The Locus Equation in CV syllables 

For each participant and each consonant, the k slope is 
assessed from 18 pairs of values (F210; F250). Figure 1 shows 
the k values obtained for each consonant by the stutterers' and 
nonstutterers’ groups. Italians and French subjects are shown 
as separate plots. French stutterers have a smaller degree of 
coarticulation on all the consonants than that of fluent 
speakers, while Italian stutterers have smaller coarticulation 
mainly on the velar.  
A repeated-measure analysis of variance (ANOVA) on the 
dependent variable k was applied with the place of articulation 
as intra-subject factor and both the fluency (stutterers or 
nonstutterers) and the language (French or Italian) as inter-
subject factors. The articulation place of the consonant highly 
influences the degree of coarticulation (F (2, 37) = 149,11; p < 
0,05). Language has a significant effect on the k slope (F (1, 
38) = 15,408; p < 0,05). The coarticulation degree of French 
subjects is smaller than that of Italians. The influence of the 
articulation place over the degree of coarticulation is similar 
for French and Italian participants.  
On the whole, stutterers coarticulate less than their fluent 
counterparts (F (1, 38) = 9,042; p < 0,05), without interaction 
between group and language.  

3.2. DeltaF2 and vowel duration in simple and 
complex syllables 

We measured deltaF2 (in Hz) and the duration of the vowel. 
We performed an analysis on the effect of increasing degrees 
of phonological complexity. So we made a first comparison 
CV vs. CCV (ie. /Ca/ vs. /sCa/); then a second one for CCV 
vs. CCCV (ie. /Cra/ vs. /sCra/). DeltaF2 and vowel durations 
were analyzed using a repeated measure ANOVA. Intra-
subject factors are the articulation place of the consonant /b, d, 
g/ and the syllable (with or without /s/). Inter-subject factors 
are the group (stutterers and nonstutterers) and the language 
(French or Italian). We studied the effect of the growing 
complexity adding /s/ to the two levels of the syllabic 
complexity.  
For the first level of syllable complexity, we compare /Ca/ and 
/sCa/. On the one hand, the syllable has a significant effect on 
deltaF2. Adding /s/ in initial position entails a reduction of 
deltaF2, for both French and Italian speakers (F (1, 38) = 
14,114; p < 0,05). Furthermore, it reduces the vowel duration 
(F (1, 38) = 18,783; p < 0,05). On the other hand, place of 
articulation has a significant effect on deltaF2. The latter 
increases while the articulation place goes backwards. This 
effect is dependent on the language as it is shown by the 
strong interaction between the articulation place and the 
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Figure 1: Slope k, in French (top) and Italian (bottom)
stutterers and fluent speakers, according to the 
consonant /b/, /d/, or /g/. 

language (F (2, 37) = 18,757; p < 0,05). We can see on figure 
2, that French speakers have descending transitions on 
bilabials while Italian stutterers have rising ones. As far as the 
velar consonants are concerned, French speakers have larger 
deltaF2 values than Italian speakers. Finally, no significant 
differences in deltaF2 are found between stutterers and 
nonstutterers. Nor is there an interaction between the syllable 
and the group (stutterers or fluent speakers). To summarize, F2 
difference between 10% and 50% of the vowel depends on the 
language, the place of articulation of the consonant, and the 
syllable structure but show similar behavior across groups 
(stutterers vs. fluent speakers).  
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Figure 2: deltaF2(Hz) according to the place of 
articulation and the syllables (CV- CCV) for French 
(top) and Italian (bottom) speakers. 

For the second level of syllable complexity, an intermediary 
/r/, alveolar for Italian and uvular for French, is introduced. 
The syllables /Cra/ vs. /sCra/ are compared. First, the adding 
of /s/ has still an effect on deltaF2 (F (1, 38) = 7,267; p < 
0,05), but no longer on the vowel duration. Secondly, the 
articulation place for the consonant /b, d, g/ has a significant 
effect on deltaF2 across the intermediary /r/ for both Italian 
and French speakers (F (2, 37) = 7,267; p < 0,05). Moreover, 
deltaF2 depends on the language (as it changes according to 
the place of articulation of the consonant /r/) (F (2, 37) = 
8,345; p < 0,05).  
Finally, the results that we obtained on the stutterer’ deltaF2 
are of the highest interest. Figure 3 shows the mean value of 
deltaF2 for stutterers and nonstutterers for respectively French 
and Italian languages. In both cases, stutterers have larger 
deltaF2 than those of nonstutterers. Furthermore, when the 
syllable complexity increases, the fluent French and Italian 
subjects adapt their deltaF2 as they have to pronounce a more 
complex syllable. It is just the opposite for French and Italian 
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Figure 3: F2 transitions in Hz for French (top) and 
Italian (bottom) speakers in /Cra/ (syllable 1) and 
/sCra/ (syllable 2). 

2159



from -112 Hz (sd = 80) to -60Hz (sd = 63) for Italian 
nonstutterers (with a clearly different range of values as the 
place of articulation of the preceding consonant /r/ is widely 
different). These modifications imply a readaptation of the 
whole coarticulation of the syllabic sequence when a /s/ is 
added to the syllable onset. For stutterers, the mean value of 
deltaF2 remains stable for /Cra/ and /sCra/ syllables. Second 
level of complexity reveal an interaction between the group 
(stuttering or not) and the syllable complexity. The adding of 
/s/, in the first level of complexity, is not sufficient to reveal 
the differences between the two groups. The highest level of 
complexity reached in CCCV syllables like /sbra/, /sdra/, or 
/sgra/ enables us to reveal the lack of adaptation of stutterers in 
these syllables. y

4. Discussion 
The results of this study detail the degree of coarticulation 
using the Locus Equation in CV syllables, the deltaF2 and the 
vowel duration when increasing the syllable complexity. A 
strong influence of the spoken language is found on the 
coarticulatory data measured either by the Locus Equation or 
by the amplitude of F2 difference, deltaF2. This is in 
accordance with previous studies that underlined the role of 
language as far as the coarticulation is concerned [20]. French 
speakers have a weaker degree of coarticulation than that of 
Italian speakers. Place of articulation also influences the 
degree of anticipatory coarticulation [21]. Furthermore, 
syllable complexity has an impact on the amplitude of F2 
transitions, for all participants. So, when the syllable 
complexity increases, deltaF2 (Hz) decreases. That means that 
the speech motor system tends towards an economy of the 
articulatory gesture [24]. For both levels of complexity, the 

interesting as it brings out a lack of adaptation of the motor 
system in stutterers speech. This is in line with Hirsh [11] who 
found, in stutterers, a lack of flexibility of the vocalic triangle 
when there was an increasing speech rate. This lack of 
flexibility can also be found in the amplitude of the upper lip 
movement. Indeed Namasivayam and Van Lieshout [26] 
found a lack of adaptation of the upper lip movement when the 
speech rate increases. Our results support the hypothesis of the 
motor clumsiness of stutterers by Van Lieshout et al. [1], as 
we found that persons who stutter have less adaptation to the 
syllable complexity, and therefore limited motor abilities. The 
motor system begins to be unsettled, already in fluent speech, 
as soon as the complexity of the task becomes sufficiently 
critic. [12]. 
Though the coarticulation and the deltaF2 are different in both 
languages, globally, a certain constant in the stutterers 
behavior can be noted: a lack of flexibility and adaptation of 
the motor speech system to different changes and constraints 
(increasing of speech rate, perturbation of proprioceptive 
feedback, and increasing of phonological complexity). So, in 
spite of a great variability linked to the disorder itself and the 
language, the lack of adaptation of the stutterers’ speech motor 
system control could be considered as a constant characteristic 
of the stuttering disorder. 
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