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ABSTRACT

In Italian, alveolar plosives and fricatives are different
phonemes, and in some varieties the formers may be
realized as aspirated consonants, which represent
sociophonetic markers. Dysarthric speakers may
experience different types of difficulty in producing the
segments mentioned above, as fricatives are known to
require finer supralaryngeal control than plosives, and a
specific synchronization of laryngeal and supralaryngeal
gestures is required in producing aspirated plosives.

In this paper, plosives, fricatives, and plosive
aspiration phases are acoustically and articulatorily
investigated in Parkinsonian dysarthric Italian speakers
and matching controls. Research questions concern both
aspects of motor control strategies in consonant
production, and possible differences in the realization of
phonemic distinctions and sociophonetic markers.
Results suggest that, even if fricatives and plosives are
kept different, the disease seems to have a stronger
impact on the production of the latter. Changes may
regard both the realization of phonemic distinctions and
the production of sociophonetic markers.
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1. INTRODUCTION

Plosives and fricatives are among the most frequent
sounds in the world languages. Almost 92% of
languages have voiceless plosives series [1:27], and
moreover it “‘is natural for a language to have at least one
sibilant, namely, a voiceless alveolar [s]” [2:108]. Italian,
for instance, shows both plosives and fricatives alveolar
phonemes. In motor control terms, the production of
plosives is considered simpler than that of fricatives, in
line with the hypothesis that a collision with another
articulator requires less precision than the realization of a
narrowing between articulators [3, in line with 4]. This
may hold for Parkinson’s Disease (PD) dysarthric
speech, where [5] found that /t/ is distorted by realizing
incomplete closures or voicing (word medially more
than word initially), while /s/ may be distorted by
producing stopping, voicing, unintelligible segments or
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even omissions; consistently, [6] found a reduction of the
tongue blade elevation in PD’s alveolar fricatives (/s/,
/z/) in comparison to controls’. However, previous work
on Italian [7, 8] suggests a different picture, where PDs
realize fricatives similarly to controls and differ in
plosive production (where the physical obstacle ends the
closing gesture but requires, e.g., a longer release [7]).

Besides the distinction between plosives and
fricatives, in some languages plosives may also be
aspirated, with aspiration playing a phonological role
(e.g., Korean) or representing an allophonic variant (e.g.,
English). In some varieties of Italian (e.g., Salentinian
Italian), aspirated plosives are allophonic variants and
aspiration is affected by prosodic conditions, in that it is
stronger in word internal poststress position or before
pauses [9:§150, 10]. Acoustically, aspiration may be
measured as the Voice Onset Time (VOT, the time
interval from consonant release to start of vocal folds
vibration), since aspiration represents the air outflow
through the glottis after the closure release in the vocal
track [11]. From an articulatory point of view, in
aspirated plosives the glottal opening starts after the oral
closure and reaches its peak at the closure release, rather
than earlier than it as it happens in non-aspirated plosives
[12, 13]. As for pathological speech, the review in [14]
recalls that VOT abnormalities in dysarthria (and
apraxia) mainly reflect loss of motor control, with
dysarthric speakers showing in plosives longer closure
duration and VOT than controls (see also the review in
[15] and, for English, [16]). As for English speakers with
PD hypokinetic dysarthria, however, results are
inconsistent. They point to decreased VOTs in PDs and
reduced contrasts in voiced and voiceless plosive VOT
[17, 18], as also reported in Korean bilabials [19] and
alveolars [20]; however, results also point to the lack of
difference in VOT length between PDs and controls
([21]; see also [22]). Crucially, though, Korean
dysarthric speakers seem to control the synchronization
between laryngeal and supra-laryngeal articulators to
distinctively produce phonologically different (aspirated
vs. non-aspirated) plosives [19]. What about aspiration
when it represents a sociophonetic trait?
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In this paper, the distinction between plosives and
fricatives in Italian, as well as the plosive aspiration
phase, are investigated from both the acoustic and
articulatory point of view. Crucially, besides the
phonological contrast between plosives and fricatives, in
the variety of Italian considered here, namely the
Salentinian variety (Southern Apulia, Italy), the
aspiration of plosives is an allophonic variant that is
sociolinguistically (but not phonologically) relevant.

2. GOALS AND HYPOTHESES

We aim at observing if PD speakers, who are still able
to preserve the plosive vs. fricative contrast: 1) exhibit
more difficulties in maintaining the narrowing gesture
than the closure; 2) master as precisely as controls the
coordination between laryngeal and supra-laryngeal
gestures in order to maintain the sociophonetic feature
of plosive aspiration; 3) show possible compensation
strategies in realizing both phonological contrasts and
sociolinguistically relevant features.

We hypothesize that PD speakers who maintain the
plosive vs. fricative phonological difference may show:
a) imprecise realization of the frication narrowing (see
[3]); b) longer closure and VOT duration than controls
in aspirated plosives (see [15, 16]), though a stronger
aspiration in word internal poststress position may be
expected (see [9, 10]); finally, we hypothesize that c)
dynamical adjustment related to compensation
strategies may be stronger in order to keep fricatives and
plosives different than to preserve sociolinguistic traits.

3. METHODS

Tongue dynamics was observed in unvoiced alveolar
plosives and fricatives, inserted as singletons (/t/, /s/) in a
stable vowel context (/a/-to-/a/, e.g., /la’tata/, /la’sasa/).
They were onset of both word initial, stress syllables, as
well as word medial, poststress syllables, and were
inserted within the carrier sentence La X blu ‘the blue X’.
Plosives could be realized as aspirated ([t"]).

Nine Salentinian subjects, that are 5 mild-to-severe
PD subjects (males; average age 71.6 y.0.) and 4
age/gender-matched healthy controls (HC: average age
69.75), have been acoustically and articulatorily recorded
in ON phase through Electromagnetic Articulography
(AG501). Articulatory data were acquired by means of 7
sensors, glued on subjects: 2 on tongue mid-sagittal
plane (dorsum and tip), 2 on lips vermillion border
(upper and lower), 1 on the nose and 2 behind the ears
for normalization (one HC subject was excluded from
the articulatory analysis because of errors in tongue tip
tracking, which is pivotal for the present paper). Subjects
read aloud the corpus of written sentences for a
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minimum of 5 times. After an auditory check, aimed at
selecting plosives and fricatives realization of target
segments, acoustic and articulatory signals were
segmented and labelled in PRAAT and MAYDAY
respectively [23, 24]. The acoustic duration of each
segment was measured and, as for plosives, both the
closure (stop closure to spike) and the VOT duration
(spike to beginning of following vowel) were collected,
differently from previous investigations [7, 8.
Regarding kinematics, the following landmarks were
semi-automatically inserted along the vertical axis of
tongue dorsum (TD) and tongue tip (TT) tracks: gesture
target, located at the zero velocity, and, for each tracked
segment, maximum velocity, labelled at the velocity
peak of the relevant coil. Further, on the position track
we labelled the beginning/end of the closure phase of the
consonantal gesture (e.g., beginning of release, at the
20% of velocity increase after the release; measure
missing in previous investigations [7, 8]). Concerning
the duration of tongue tip/dorsum gestures, the following
measures were calculated: (a) the interval including both
the closing and the opening consonantal gestures (Clo-
Op); with regards to the release phase, the interval from
the consonantal target both to (b) the vowel target
(Ctarget-Vtarget latency) and (c) the onset of the vowel
(20% of peak velocity - Ctarget-Vonset). Further, as for
the consonantal gesture to the following vowel, we
measured the peak velocity and stiffness (peak
velocity/gesture amplitude). Time measurements were
analyzed as both absolute and normalized (over the
acoustic/articulatory word duration) measures.

As for statistical analysis, mixed models were
implemented (in R, Ime4 [25, 26]). The fixed effects
were Population (PD vs. HC), Constriction (plosives vs.
fricative) Position (initial-stress vs. medial-poststress,
henceforth stress and poststress), and Repetition (number
of productions). Interactions were also investigated. By
subject random slopes were set in order to account for
inter-subjects variability in the realization of Population,
Constriction and Position. Analyses of aspiration were
run on plosives only, discarding the Constriction factor.
Residual plots did not reveal obvious deviations from
homoscedasticity or normality. Significance (p<0.05) of
fixed effects was checked via a Likelihood Ratio Test.

4. RESULTS
4.1. Auditory check and acoustic measures

Two PD subjects produced plosives and fricatives as
barely indistinguishable segments, in that they realized
plosives without a neat closure phase (slightly noisy
closure and no spike in spectrogram), or as voiced rather
than unvoiced segments. Thus, they have no longer
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been considered, as results of measurements concerning
their productions were not useful in investigating the
difficulties in maintaining the narrowing gesture vs. the
closure nor in analyzing the plosive aspiration phase.

Consonant acoustic duration is affected by Position,
(absolute measures: %2(1)=23.77 p=,000; normalized:
¥2(1)=28.55 p=,000) and duration increases in stress in
comparison to poststress position (absolute: 11.15ms +
221 S.E.; normalized: 2.57% +0.46 S.E.) for HC
speakers and fricative condition. Moreover, consonant
normalized duration is affected by Population too
(x2(1)=4.29 p=,03), while absolute duration changes
depending on Constriction (}2(1)=11.14 p=,000).
Values are smaller in PDs (-2.07ms +0.85 S.E.) and in
plosives in comparison to fricatives (-7.50ms +2.21
S.E.). No interactions are found (Figure 1).

Figure 1: Consonant absolute acoustic duration for
Constriction (left panel) and Position (right panel) in
HCs and PDs (white and grey columns, respectively).

When considering plosives as for their closure, the
duration differs significantly only with respect to
Position (absolute: ¥2(1)=11.50 p=,000; normalized:
v2(1)=13.57 p=,000), being longer in stress position
(absolute:9.62 £2.74 S.E; normalized:2.19% +0.57 S.E.).

Figure 2: Consonant normalized closure (left panel)
and VOT acoustic duration (right panel) for Position in
HCs and PDs (white and grey columns, respectively).

The interaction between Population and Position
does not reach significance, though the closure absolute
duration is shorter in PDs, especially in poststress
position (32(1)=9.54 p=,08). As for the VOT phases, the
duration is only affected by the Position factor
(absolute: ¥2(1)=7.06 p=,007; normalized: ¥2(1)=3.87
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p=,004) with no significant interactions. Measures show
that VOT duration increases in stress in comparison to
poststress position (absolute: 3.96ms +1.45 SE.;
normalized: 0.89%- +0.44 S.E.), though its duration
appears to be highly variable in PDs - Figure 2.

4.2. Articulatory measures

The Population factor affects the interval including the
whole consonant, i.e. the closing plus the opening
gesture, as for the normalized measure (Clo-Op:
¥2(1)=4.50, p=0.03). A slight increase is found in PDs
(e.g., by about 2% = 0.7 S.E. in poststress position and
fricative condition). The duration of the opening gesture
alone does not significantly differ (Ctarget-Vtarget
latency: y2(1)=3.05, p=0.08), though it slightly
increases in PDs. No interaction with Position and
Constriction 1s found.In line with the literature, absolute
Clo-Op duration 1is affected by Constriction
(x2(1y=4.51, p=0.03), with plosives showing shorter
duration than fricatives (16.8 ms + 6.5 S.E. in the case
of plosives for HC speakers and poststress condition) -
Figure 3, left panel. Interaction between Population and
Position is found for both the absolute Clo-Op and the
Ctarget-Vtarget —measure  (x2(1)=4.90, p=0.03;
¥2(1)=12.016, p=0.01), as PDs show shorter duration
especially in poststress position.

As for the release phase corresponding to the
Ctarget-Vonset, the absolute interval does not reach
significance as for the Position factor (}2(1)=2.89,
p=0.08),though values increase (by about 8 ms in HC +
4 S.E. in the case of stress position and fricative) and
increase even more in PDs realization.

Figure 3: Consonant absolute articulatory duration
(Clo-Op, left) and peak velocity in consonant opening
(Ctarget-Vtarget, right) for Populationin Fricatives and

Plosives (white and grey columns, respectively).

Peak velocity and stiffness measures showed the
significant impact of the Position factor (respectively,
x2(1)=5.48, p=0.02; »2(1)=3.7334, p=0.05), with
expected higher values in stress than in poststress
position. The opening gesture peak velocity is the only
measure that is affected by the Constriction degree
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(x2(1)=5.04, p=0.02), as it increases in plosives (by
about 45 = 15 S.E. for HC speakers and poststress
condition). However, an interaction between
Constriction and Population is found, as the peak
velocity is lower in PD’s plosives, not differing much
from that found in fricatives — Figure 3, right panel.
Further, Population also interacts with Position
(x2(1)=3.7289, p=0.05) with PDs showing increased
peak velocity in poststress than in stress position.

5. DISCUSSION AND CONCLUSIONS

The analysis of productions by HC and PD speakers
who are still able to preserve the plosive vs. fricative
contrast shows that acoustic measurements regarding
the difference between plosives and fricatives
(Constriction factor) did not significantly differ
depending on the PD vs. HC Population. The overall
normalized duration of consonants is smaller in PDs
than in HCs, but results are in line with the expected
longer duration in fricatives than in plosives, as well as
in stress in comparison to poststress positions. In PDs,
fricatives do not seem to vary more than plosives.
Rather, PDs tend to shorten the plosive closure acoustic
duration in comparison to HCs, especially in poststress
position, which is in line with the overall shorter
duration of acoustic consonants in PDs. Finally, the
plosives’ VOT, which is longer in stress than in
poststress position, is not significantly different in PDs
and HCs. Thus, within the inconsistent results recalled
in section 1, our findings support, e.g., [21, 22] rather
than [15, 16], even though the VOT duration seems to
be more variable in the PDs than in HCs. In fact, the
VOT by PDs and HCs is longer in stress than in
poststress position, in line with prosodically induced
VOT modulation (overall VOT lengthening in stress
position), with no evident or consistent sociophonetic
differences ([9, 10]).

As for the articulatory analysis, the normalized
measures regarding both the whole closing plus opening
consonantal gesture and, to a certain extent, the opening
gesture (Clo-Op and Ctarget-Vtarget) increase in PDs.
Thus, articulatory data point to longer gestures in PDs,
despite the shorter duration of acoustic segments. Only
absolute measures confirm expectations regarding the
shorter duration of gestures in plosives than in fricatives
together with a shorter duration for PDs, especially in
poststress position. Peak velocity and stiffness measures
regarding the opening gesture showed higher values in
stress than in poststress position, while peak velocity is
the only measure that is affected by the Constriction
degree, as it increases in plosives than in fricatives.
Interestingly, peak velocity is lower in PD’s plosive
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opening gesture, where it does not differ much from that
found in fricatives. The auditory check preliminary to
the analysis allows us to discard the hypothesis that the
lower peak velocity is due to an incomplete realization
of the closure. Nevertheless, from the articulatory data it
may be hard to tell if the lower peak velocity is related
to laryngeal-supralaryngeal gesture phasing difficulties
[12, 13]. What we can observe, though, is that the
aspiration phase seems to acquire characteristics that are
similar to those found in fricatives, and this could be a
stage prior to the incomplete closure realization
observed in other PD speakers (e.g., those excluded in
the present analysis). On the other hand, the increased
peak velocity value in poststress than in stress position
by PDs seems to be in line with the observed shorter
aperture phase in poststress position, and with possible
differences related to aspiration and consonant prosodic
position.

The abovementioned results do not seem to support
expectations related to major differences between PD
and HC in fiicatives more than in plosives (see goal 1).
Rather they point in the direction of some possible
inaccuracies in the realization of plosives by PDs, as
their opening gesture in plosives show similarities with
that found in fricatives. Further, the plosive aspiration
phase in PDs (see goal 2) seems to be affected by the
stress/poststress consonant position as in the case of HC
speech, in line with prosodic modulation and with no
evident or consistent difference due to sociolinguistic
factors. In fact, no observation of longer aspiration in
poststress rather than stress position [9, 10] has been
found in either PDs or HCs. However, PDs show higher
peak velocity in poststress than in stress position, which
could be a cue of aspiration differences in comparison to
what observed in HCs. Besides, difficulties in laryngeal-
supralaryngeal gesture phasing in PDs could have
appeared in terms of variability in VOT acoustic
duration or with reference to the observed overall
lowering in peak velocity in plosive opening gestures.
Therefore, speakers who are still able to differentiate
plosives and fricatives seem to have already modified
some characteristics of their opening gesture in plosives,
and changes may be detected both in the case phonemic
distinctions are realized and when the production of
sociophonetic markers is concerned (see goal 3).

Of course, more material is needed to clarify the
matter, together with further acoustic (e.g, noise
intensity measures during VOT) and articulatory
measures (€.g., opening gesture amplitude).
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