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Abstract
Italian geminate consonants have been studied as for both their 
phonetic characteristics and their phonological status. As for 
the phonetic aspects, though, few works focus on kinematic 
data. This study relates on both acoustic and kinematic 
material, as well as on perception data, in order to get evidence  
on the phonological status of geminate consonants.  

A read speech corpus was collected and analyzed both 
acoustically and kinematically, after being checked 
perceptually. The corpus is represented by utterances 
containing target words with bilabial and labiodental 
consonants, realized as singleton, geminates and within 
clusters, and produced at a natural speech rate and under 
speech rate and focalization changes. Data show that the 
lower lip opening gesture is similarly characterized in 
geminates and clusters, offering additional phonetic evidence 
that geminates may be given an heterosyllabic interpretation. 
Productions in focused contexts confirm results obtained in 
relation to the analysis of natural speech rate stimuli, while 
the increasing in speech rate shows that kinematic correlates 
of gemination appear to be more stable than acoustic ones, 
and that geminates still show characteristics similar to 
heterosyllabic segments, i.e. clusters.  

1. Introduction
A number of works report data on phonetic characteristics of 
geminate consonants in Italian. Acoustic and perceptive 
studies show that geminates duration is about twice the 
singleton consonants duration, and that the vowel preceding 
geminates consonants is shorter than the one preceding 
singleton one (see, for instance, [1]). To our knowledge, only 
one articulatory study relates to Italian geminates [2], but 
focuses on the temporal organization of gestures with respect 
to vowels. Nevertheless, there are reasons to suppose that the 
kinematic maneuvers requested to produce gemination differ 
from language to language [2, 7], so general theoretical 
reasons could move a reader to know the particular 
instantiation that gemination takes in a language not 
particularly studied as Italian.

As for the phonological status of geminate consonants, 
two are the positions found in the literature [3]. On the one 
hand, geminates are given a bisegmental representation, and 
are considered as composed by two heterosyllabic segments 
(see, for instance, [4]). On the other hand, geminates can be 
given a monosyllabic representation, where the segment is 
taken to be distinctively long, and is syllabified as the onset of 
the incoming syllable (see, for instance, [5]). By adopting a 
gestural phonological frame, we would like to verify whether 
a two gestures model is more appropriate than a single gesture 
model in accounting for Italian geminates, as suggested by 

[2]: this is why we compared geminates with singletons and 
with clusters. Results will possibly generalize to other 
languages which present the singletons / geminates / clusters 
alternations. 

Previous measurements performed on part of the corpus 
described in this paper confirm the acoustic characteristics 
reported in the literature, and highlight new kinematic 
evidence in favor of the heterosyllabicity of geminates 
consonants in Italian [6]. In this work, the mentioned results 
are briefly summarized - see section 3 – and the attention is 
then focused on new data related to speech rate and 
focalization variations, factors considered in order to offer 
further evidence in relation to the geminates phonological 
status, highlighting the geminate vs. singleton phonetic 
characteristics. Emphasis, in facts, acts as a magnifier of the 
speech phenomena under consideration by increasing the
phonetic distinctiveness of the segmental elements affected by 
the contrastive accent; on the other hand, a higher speech rate 
often reduces the phonetic contrastiveness of two structures in 
phonological opposition. Thus we exploited variations in 
these two directions in order to test whether the 
singleton/geminate opposition is robust and which acoustic 
and kinematic correlates are modified at the most.

2. Corpus and method 
The corpus contained targets represented by words and 
pseudowords chosen in order to observe labiodental and 
bilabial consonants (/f, v, p, b, m/) when realized in context of 
/a/ vowels. The consonants considered are singletons, 
geminates (/ff, vv, pp, bb, mm/), and cluster components (/mf, 
mp, mb/). Some instances of the 13 target words are /’mama/, 
/’mamma/, and /’mamba/.  

Target words were inserted in the carrier sentences 
richiama … marcatamente “s/he calls … back with 
emphasis”. A first corpus was collected by asking speakers to 
read each sentence twice, once at a natural speech rate and 
another time at a faster speech rate. Another corpus was then 
collected for studying the consonants characteristics in case of 
contrastive focalization. The contrastive interpretation was 
obtained by having a question preceding the carrier sentence 
and simulating a misunderstanding, i.e. inducing the 
realization of contrastive focus on the target word (richiama 
mamba marcatamente? No, richiama MAMMA marcatamente
“Does s/he call mamba back with emphasis? No, s/he calls 
MUMMY back with emphasis”). 

The corpora were read three times by two speakers – aged 
26 and 33 – and both coming from northern Italy (a male from 
the north-est and a female, the first author, from the north-
west). The audio signal was acquired by means of a DAT 
recorder, while the kinematic data were collected by means of 
an automatic optotracking movement analyzer for 3D 
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kinematics data acquisition (ELITE) which allows a 
synchronous recording of the acoustic signal (the DAT audio
signal and the ELITE signals were synchronized later).

2.1. Perception test

A perception test was performed on the recorded materials in
order to verify the accuracy of speakers productions. 
Consonant duration is distinctive in standard Italian, but
various dialects spoken in Italy (in the northern part) do not 
show geminates. The first concern was then to check whether
the two speakers realized geminate consonants while being 
recorded. Second, the perception test allowed the authors to 
highlight stimuli which, mainly at a faster speech rate, could
be recognized as singleton even if they were supposed to be
geminates, or, on the contrary, those which could be identified
as singleton despite the fact that were produced as geminates.

The material for the perception test corresponds to a
selection, for each of the two subjects, of 10 stimuli among 
those produced at a normal speech rate, 10 stimuli produced
under a contrastive interpretation, and all the stimuli produced 
at a faster speech rate (no stimuli with clusters were
included). Subject from both the northern part of Italy (Torino
- five speakers) and the southern one (Lecce-Taranto - five 
speakers) took part in the perception test. The experiment was
run using the PC program Perceval, developed at the LPL in
Aix-en-Provence. For each stimulus, subjects listened twice to 
the audio file, and judged whether the stimulus corresponded 
to a word containing either a geminate or a singleton 
consonant: the two (pseudo)words corresponding to the
options were shown on the PC screen in association to an
identification number, and the subjects typed the number
corresponding to their choice on the keyboard.

2.2. Acoustic and kinematic measurements

The duration of all the segments realized in the contexts under
investigation was measured by manually segmenting and 
labeling the acoustic signal. Particular attention was devoted
to the consonant duration and both the preceding and the 
following vowel duration. 

Kinematic measurements were performed after a
semiautomatic segmentation and labeling of the signal. For
the gestures, duration, amplitude and velocity, stiffness and 
time-to-peak were calculated. In relation to the closing
gesture, for instance, the duration was calculated as the time
interval between the maximum opening and the maximum
closure of the lower lip (LL); the amplitude and velocity were
calculated, respectively, as the displacement of LL and as the
maximal peak on the velocity curve during the gesture; the 
stiffness was obtained as the quotient between the maximum
velocity and the amplitude; finally, the time-to-peak was 
taken as the time interval between the beginning of the 
gesture and the maximum velocity point, reported as a
percentage value related to the whole gesture duration. 
Although results discussed in the literature ususally refer to 
the closing gesture, the measurements discussed here only
relate to the opening gesture of the lower lip, which was
found to be relevant for the singleton vs. geminates issue [6].

3. Evidence for geminate heterosyllabicity
Stimuli produced at a normal speech rate are properly
recognized by both sets of subjects, who correctly identify
geminates and singletons consonants in a high number of

cases. Northern subjects identify only 2% of geminate stimuli 
as singleton (1 out of 50) and only 4% of singletons stimuli as 
geminates (2 out of 50); southern subjects correctly identify
100% of geminate stimuli, and recognized 14% of singletons 
stimuli as geminates (7 out of 50) [6].

ANOVAs performed on the acoustic measurements
realized on the recordings confirm results in the literature.
They show, in relation to singleton and geminate nasals and 
clusters composed by nasals and bilabial plosives, that both
geminate consonants and the consonants in clusters have 
longer duration than singleton consonants and are preceded by
a shorter vowel (although the latter result is significant for
only one speaker, the tendency is also found for the other
speaker). Kinematic measurements highlight that the opening
gesture has longer duration, greater amplitude and time-to-
peak, and lower stiffness in both geminates and segments in 
clusters when compared to in singletons consonants (results
on amplitude, time-to-peak and stiffness are significant for
one out of two speakers, although the tendency holds true for
the other one) [6].

Therefore, geminates show characteristics similar to 
clusters and, apart from their duration, differ from singletons 
consonants also as for the previous vowel shortening and the 
longer duration, greater amplitude, greater time-to-peak, and
lower stiffness of the opening gesture of LL. The similar 
kinematic characteristics of geminates and cluster is taken as 
a further phonetic evidence of the geminates heterosyllabicity
– i.e. geminates behave similarly to clusters, which are
composed by heterosyllabic segments, and differently from
singletons consonants. 
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Figure 1: Mean duration – with standard deviation - of
the lower lip opening gesture (ms) for speaker A and 
B, grouped for geminate (ge), singleton consonants 

(sc), and clusters (sccl).

4. Focalization and speech rate

4.1. Perception data

Stimuli realized with contrastive focus, similarly to stimuli
realized at a normal speech rate, are often properly recognized
by both sets of subjects, who correctly identify geminate and
singleton consonants – see fig.2.

Northern subjects - fig.2 - identify 2% of geminate stimuli 
as singleton (1 out of 50) and 6% of singletons stimuli as
geminates (3 out of 50); southern subjects - fig.2 - identify 4% 
of geminate stimuli as singleton (2 out of 50) and 6% of 
singletons stimuli as geminates (3 out of 50). 

On the contrary, stimuli realized at a higher speech rate
are correctly recognized as containing geminates or singletons
in fewer cases by both sets of subjects. Northern subjects -
fig.3 - identify 20% of geminate stimuli as singleton (30 out 



of 150) and 32% of singletons stimuli as geminates (48 out of
150); southern subjects - fig.3 - identify 11% of geminate 
stimuli as singleton (16,5 out of 150) and 46% of singletons 
stimuli as geminates (69 out of 150).

0

10

20

30

40

50

sc ge sc ge

NorthernSubjects  Southern Subjects

N
um

be
ro

f p
os

itiv
e 

an
sw

er
s

Geminate

Singleton

Figure 2: Contrastive focus condition: positive
answers in favor of singleton/geminate related to

stimuli realized as non-geminate (sc) and geminate
(ge); subjects from the north (left columns) and from

the south (right columns). 

However, responses vary in relation to the phoneme
realized within the target word. Singletons (sc) are identified
as geminates in few cases when the consonant is /v/, and in
slightly more cases when it is /p/ or /f/, for subjects from the
north, and /f/ for subjects from the south. 
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Figure 3: Higher speech rate condition: positive answers
for singleton/geminate related to stimuli realized as non-
geminate (sc) and geminate (ge); subjects from the north

(left columns) and from the south (right columns).

Results of the perception test have been considered in
order to get rid of the ambiguous stimuli. In particular for the 
speech rate set, those stimuli which have been wrongly
recognized by at least 3 out of 5 subjects, from either the
north or the south, have not been considered for the statistic
analysis. Therefore, the results of the acoustic and kinematic
measurements of stimuli realized at a higher speech rate have
been performed only on unambiguous stimuli. 

4.2. Acoustic and kinematic data

The effect of focalization and speech rate reported here relates
to singleton and geminate nasals, and clusters composed by
nasals and bilabial plosives – for comparison with data 
discussed in section 3. Results show that in the contrastive
focus condition, and for both speakers, singleton consonants 
have a significantly shorter duration (for speaker B 
[F(9,2)=20,625;p<0,05]; for speaker A 
[F(9,2)=51,239;p<0,0001]; for the latter speaker, the Fisher’s
post hoc test shows that a significant difference is also found
between geminate and cluster consonants). On the other hand,
in the fast speech rate condition, singleton consonants have a
significantly shorter duration than geminates and cluster
consonants only for speaker B ([F(8,2)=12,383;p<0,05]); for 
speaker A, no significant difference is found
([F(7,2)=3,809;p>0,05]).

The preceding vowel has significantly shorter duration
before geminate consonants and clusters only in the focus
condition, and not in the fast rate condition. In the former, for 
both speaker vowel duration is significantly different (for 
speaker A [F(9,2)=7,322;p<0,05]; for speaker B
[F(9,2)=5,310;p<0,05]) although, for speaker A, Fisher’s post 
hoc test shows that the vowel is significantly shorter before a 
cluster, while no significance level is reached for geminates in 
comparison to singleton consonants. In the faster speech
condition, no significant difference in the duration of the
vowel preceding geminates, singleton or cluster consonants  is 
found (for speaker A [F(7,2)=0,247;p>0,05]; for speaker B
[F(8,2)=0,131;p>0,05]) – see fig. 4.
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Figure 4: Preceding vowel mean duration and standard 
deviation in geminate, singleton and clusters, produced
by speaker A - upper panel - and B - lower panel - in 

contrastive focus, normal and fast speech rate
conditions (respectively ‘foc’, ‘len’, and ‘vel’).

Duration of LL opening gesture is significantly lower in
case of singleton consonants than in case of geminates and
clusters, both in focus condition and in the fast speech one,
and for both speakers (respectively, [F(9,2)=11,144;p<0,05] –



post hoc shows that duration in singletons is only significantly
smaller than duration in clusters – and [F(7,2)=5,981;p<0,05]
for speaker A; for speaker B, [F(9,2)=8,497;p<0,05] – 
Fisher’s post hoc shows that duration in singletons is
significantly smaller than duration in both geminates and
clusters - and [F(8,2)=17,717;p<0,05], where Fisher’s post 
hoc shows that duration in singletons is significantly smaller
than duration in both geminates and clusters – see fig. 5.

As for the amplitude of LL opening gestures, in focused 
target words, no significant difference in geminates, clusters 
and singletons was found, neither for speaker A 
([F(9,2)=0,483;p>0,05]) nor for B ([F(9,2)=3,620;p>0,05]),
although the values in case of singleton consonants are 
smaller than those for geminates and clusters, for both
subjects. On the contrary, the amplitude is significantly lower
in singletons in the fast speech condition, both for speaker A 
and B (respectively, [F(7,2)=5,409;p<0,05] and
[F(8,2)=10,801;p<0,05]). The time-to-peak value is
significantly smaller in singleton consonants for speaker A in 
the focus condition ([F(9,2)=14,360;p<0,05] vs.
([F(9,2)=1,448;p>0,05]) and for speaker B in the fast speech 
one ([F(8,2)=31,171;p<0,05] vs. [F(7,2)=0,414;p>0,05]).
Finally, the stiffness is significantly greater in singleton
consonants only for speaker B in the focus condition 
([F(9,2)=5,145;p<0,05] vs. ([F(9,2)=2,304;p>0,05]), while it 
is significantly greater for singleton consonants in the faster
speech rate condition for both subjects (for speaker A 
[F(7,2)=13,283;p<0,05] and  for B [F(8,2)=6,738;p<0,05]).

Figure 5: Lower lip opening gesture mean duration
and standard deviation in geminate, singleton and

clusters, produced by speaker A - upper panel - and B 
- lower panel - in contrastive focus, normal and fast
speech rate conditions (i.e. ‘foc’, ‘len’, and ‘vel’).

5. Discussion
Measurements performed on both singleton and geminate

nasals, and clusters composed by nasals and bilabial plosives
showed that geminates share characteristics with clusters and 
differ from singleton consonant, as expected, for their longer
acoustic duration and for the shorter previous vowel duration.
Moreover, kinematic measurements show that LL opening

gesture has longer duration, greater amplitude, greater time-
to-peak, and lower stiffness in geminates and clusters than in
singleton. The similar kinematic characteristics of geminates
and clusters, which are composed by heterosyllabic segments,
represent additional phonetic evidence for the phonological 
status of geminates [6]. The analysis of consonants realized in
contrastive focus basically confirm these result, showing that 
geminates and clusters, compared to singleton consonants, 
correspond to longer consonants duration, to shorter duration
of the preceding vowel, and longer duration of LL opening
gesture. Geminates also show a greater time-to-peak and
smaller stiffness in case of one speaker, similarly to what 
happened in normal speech rate stimuli (results for the 
amplitude of the gesture, on the contrary, differ). Moreover, 
the analysis of stimuli produced at a faster speech rate shows 
that kinematic correlates of gemination appear to be more
stable than acoustic ones: consonants acoustic duration is 
significantly shorter in singleton only for one speaker, and
vowel duration does not significantly differ, while the values
of the opening gesture duration, amplitude, time-to-peak and 
stiffness are significantly different for both speakers. In 
particular, geminates still show kinematic characteristics
similar to heterosyllabic segments, i.e. clusters.

6. Conclusions
This work focused on the phonetic characteristics of 
geminate, singleton consonants and segments in clusters, 
considering perception, acoustic, and kinematic material. Data 
show that in production at a natural speech rate and in stimuli
realized under contrastive focus, geminates show 
characteristics similar to those found in clusters, analyzed as
heterosyllabic segments, rather than those found in singleton
consonants. No conclusion is drawn about the “single” or 
“double” status of the gestures for geminates, because of the 
relevance of the opening and not of the closing gesture (as
opposed to [2]). Nevertheless, our results suggest that lip
opening could be controlled not only by the vowel but also by
the consonant. Faster speech rate shows that the kinematic
correlates of gemination appear to be more stable than the
acoustic ones: geminates show ambiguous acoustic correlates, 
but their kinematic characteristics are still similar to those
found in clusters, i.e. in heterosyllabic segments. 
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