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ABSTRACT 

  We carried out a study based on a dynamical 
model of speech-rhythm production in patients with 
Parkinson’s disease (PD). This model predicts that rhythm 
is implemented by a coupled-oscillator system. The 
synchronization of these two oscillators is given by 
neuromotor control.  Three subjects with PD were 
instructed to read given sentences. For acoustic analysis, 
segments were grouped into two kinds of rhythmic 
programming units: syllable and IPGC, and calculations of 
z-scores from the mean duration of these units were made. 
One curve relative to syllables ― microrythmic level ― 
and another relative to IPGCs ― macrorithmic level ― 
pointed at no synchrony between the two levels. We believe 
that the lack of synchrony between the two levels is due to 
the absence of synchronization in the coupling of the two 
oscillators. Since the coupling is determined by neuromotor 
control, the rhythmic-alterations finding is not a result only 
from motor alterations; there is also a cognitive aspect.  

 

               1. INTRODUCTION 

Parkinson’s disease (PD) is a progressive 
disorder of the central nervous system afflicting over a 
million people in the U.S.  Clinically, it is characterized by 
a decrease in spontaneous movements, by gait difficulty, 
postural instability, rigidity and tremors.  It is estimated that 
70 to 80% of DP sufferers are also afflicted with speech 
disturbances, a symptom that is considered by many 
patients ― and their families as well ― as one of the major 
sources of depression and social alienation (Ramig, 2001). 
The main characteristics of these individuals’ speech are: 
monopitch, monoloudness, reduced loudness, reduced 
stressing of words, hoarseness and a breathy voice.  In 
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on, prosodic disturbances have been reported, 
ing inappropriate silences, short rushes of speech and 
le speech speed.  Several studies have tried to explain 
osodic variations in PD ( Kent & Rosenbek, 1982).  
ver, most of them have merely consisted in measuring 
ariable pitch rate, mean syllable duration or the 
le loudness.  Missing in all of this work is the 
nship between these findings and the speaker’s 
mance.  Our work deals with the phonetic-acoustic 
terization of the speech rhythm of subjects suffering 
D, starting from the premise that the speech rhythm 

 sufferers is different from the rhythm of speakers not 
ing from the disease.  We shall focus on the study of 
ration, rather than on the other two aspects that are 
art of the rhythm ― intensity and frequency ― 

y because it is one of the most important in building 
 in the Brazilian-Portuguese language (Massini, 

.  This work uses a dynamic approach in dealing with 
 rhythm (Barbosa. 1994, 1999, 2001), an approach 
roposes that the same is accomplished on two 
nt levels: the macrorhythmic ― which translates the 
l accent ― and the microrhythmic ― which marks 
ical accent.  It is assumed that rhythm is produced by 
 of two coupled oscillators, with the neuromotor 
l being responsible for the synchrony of these two 
tors. 

2. MATERIAL AND METHOD 

Three subjects suffering from idiopathic PD 
studied, each at a different stage of the disease.  
ding to the Hoen & Yard scale (AQ: degree 1; AD: 
e 2; and CM: degree 4 ).  All subjects were males, 
 read and write and were under neurological treatment 
 1). The control group was made up of two 

ufferers of PD or any other neurological disease, and 



 

did not show any communication disturbance.  Both could 
read and write, and were of a similar age as the members of 
the PD-afflicted group. 

Twenty sentences were read by all of them, ten 
of which functioned merely as disguises.  The task was 
repeated five times, totaling one hundred sentences read.  
The distracting sentences were discarded from the set of 
resulting data, and a sampling of each of the target 
utterances was likewise disregarded.  In this way, four 
samplings of each target utterance were analyzed.  The 
reading was recorded on a MD, MZ R 91 Model, using a 
professional Le Son unidirectional-head microphone.  The 
data were analyzed acoustically through the Praat program, 
version 4.0.41. 

Based on the measurement of the duration of 
each sentence segment, it was possible to calculate the 
measurement of two minimum rhythmic program units 
(MRPUs): syllable and IPGC.  The IPGC is a rhythmic 
program unit that starts with the P-center notion and 
encompasses the boundaries of two consecutive  vowels.   
The mean duration of the two MRPUs served as the basis 
for calculating the Z-score: 

 MRPU duration = Σ i exp ( µi + z.σi).  

The use of the extended  z-score indicates the 
stretching suffered by the program unit, regardless of the 
number of its constituent elements. 

The data were analyzed in three different ways: 
1) qualitatively; 2) quantitatively; and 3) in comparison 
with the control group. 

 

3. RESULTS 

Informant 1 (AQ –degree 1) effects a few 
unexpected segment introductions within the target 
utterance, and also uses pauses where these are not 
expected.  These occurrences are sporadic and do not 
significantly characterize the subject’s speech.  Signs of 
articulation difficulties are detected already at an early 
stage of the disease. 

The graphs containing the duration curves of the 
syllable and of the IPGC show that, in half of them, the 
IPGC curves and the syllable curves have different 
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urs (Graphic 1).  Some of the high peaks pointed out 
 IPGC coincide with the introduction of segments 

r pauses, which warrants the exaggerated lengthening 
 MRPU, something which is rarely encountered in a 
l group.  In general, the lexical accents are correctly 
d on the syllabic curve.  
HIC 1- Distribution of z-scores for IPCG’s and 

les in the sentence: The prices went up too much, 
ormant 1- AQ1 

Os preços subiram demais

os pRe so bi RaNu de

spr es ob iR aNud em

IPGC

syllable

 Informant 2 (AD-degree 2) shows a 
efined broken fluency in the qualitative analysis of 
ta.  There are many segment and pause introductions, 
the occurrence (almost always) of an unexpected 
nt and an associated pause. Due to the frequent 

rence of unexpected acoustic events, high peaks are 
 on the IPGC curve.  In general, the lexical accents are 
tly marked on the syllabic curve.  In many of the 

urs, we can observe a cadenced characteristic of the 
nce, shown by the alternating positive and negative 
 (Graphic 2). We observed a great fluctuation in the 
ximation of the macro- and micro-rhythmic curves – 
showing equivalency, now showing very distinct 
urs.   The insertion of acoustic events predisposes the 
quivalency of the IPGC and syllable curves. In this 
the break in fluency cooperates with the lack of 
rony between the speech’s macro- and 
-rhythms. 
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GRAPHIC 2 - Distribution of z-scores for IPCG’s and 
syllables in the sentence: She forgot the cars key, for 
informant 2 - AD2 

Ela esqueceu da chave do carro
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 Informant 3 (CM- degree4) shows –as his most 
striking speech characteristic – a great diversity in 
articulatory variations. When unexpected sentence 
segments were introduced – differently from the other two 
informants ― there were hardly any associated pauses, 
with correction of the utterances carried out with no 
interruption of the speech chain.  This seems to be a 
specific characteristic of this particular speaker, and may be 
caused by great difficulty in starting the movements, fact 
inherent to disease.  The IPGC and syllable curves show a 
very mild contour, with many utterances lacking a marked 
division between accent groups through IPGC lengthening. 
Lexical accent markings, however, although only slightly 
pronounced, were observed in most of the samplings. There 
was frequent occurrence of segments on the negative axle, 
thus pointing toward an important shortening factor of the 
same. Little equivalence between the IPGC and syllable 
curves was found (Graphic 3).   

GRAPHIC 3 - Distribution of z-scores for 
IPCG’s and syllables in the sentence: She forgot the car’s 
key, for informant 3 – CM3 
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control group did not show the introduction of 
nts in the sentences, and few pauses occurred. Most 
 graphs show the two curves ― the macro-rhythmic 
e micro-rhythmic ― to be very similar.  In some of 

 the curves are practically concurrent, thus evincing a 
degree of oscillator synchrony.  Others show 
oinciding points in the curve’s evolution.  However, 
eral, the contours are  rather similar.  We observed 
nt occurrence of segments just around the graph’s  

line, which leads us to realize that there was no 
ening or shortening factor in that unit in comparison 
he referential corpus.  Significantly-alternated peaks 
not found in any of the graphs.  When the ascent and 
nt movements occur, they do so in a more gradual 
Consequently, no evidence of cadenced rhythm in the 
nce was found. 

    4. CONCLUSIONS 

During the experiment, we were able to observe 
e three individuals suffering from PD showed certain 

h peculiarities when compared with the control group.  
 different major speech occurrences were recognized 
 PD-affected group:  the introduction of unexpected 
nts, the occurrence of pauses and articulatory 

tion.  In regard to the introduction of segments, we 
oint out a few different types of events: segments 
r to the target; segments different from the target; 
tion of segments; and unidentifiable acoustic events.   

 The production of similar-to-target segments may 
erpreted in various ways: as a hesitation; as a failure 
tor programming; as speech lapses; and as lexical 
 of crystallized expressions.  Also not to be discarded 
possibility of an impaired reading ability. However, 
ould not warrant – by itself ― the recurrence of the 
 observed.  As to the events not similar to the target, 
ould be considered errors in utterance production, 
 lapses or, still, difficulties in lexical access.  The 

tions seem to be connected more with difficulties in 
ment execution.  Likewise, the unidentified acoustic 
 seem to result from a total lack of articulatory 
l, which mainly affects the laryngeal level. 
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Articulatory distortions are amply commented in 
the scientific literature (Kent & Rosenbek, 1982; Duffy, 
1995).  Several of these alterations were found in our data:  
the absence of voicing; absence of stop bursts; nasalization 
spread; alteration of vowel formants; spirantization of stops 
and laterals; aspiration at the start of the utterance; and the 
lengthening of fricatives. 

Pauses require a more complex interpretation, 
due to the fact that they can explain a series of different 
strategies used in every-day speech by healthy individuals.  
Although the appearance of pauses may not be considered 
unexpected, the fact is that some of the pauses observed in 
the PD-affected individuals under study cannot always be 
explained through prosodic structure.  For this reason, and 
in this context, they were considered unexpected.   

None of the occurrences mentioned is exclusive 
to PD-sufferers.  In fact, they can come up in the speech of 
non sufferers, without being considered a sine-qua-non 
condition for the diagnosis of any communication 
disturbance.  What really establishes the difference in event 
occurrences is their frequent recurrence and the 
much-higher degree that they assume in the speech of 
PD-affected individuals. 

We have assumed a dynamic approach to rhythm, 
that proposes that it occurs at two different levels: the 
macro-rhythm ― which translates phrasal accent – and the 
micro-rhythm ― which marks lexical accent, given by two 
coupled oscillators, each responsible for a rhythmic level.  
In this way, the neuromotor control is responsible for the 
synchrony of these two oscillators.  This approach to 
rhythm permits a visualization of  the rhythmic contour, 
which reasonably translates what is perceived by the 
listener.  

The frequent introduction of unexpected acoustic 
events ends up generating high IPGC peaks, thus marking 
divisions of accent groups that are sometimes unexpected.  
These exaggerated peaks lead to the lack of synchrony in 
the macro- and micro-rhythmic speech curves.  The 
articulatory alterations are present even at early stages of 
PD, and it seems that articulatory degeneration 
accompanies the evolution of the disease, being more 
pronounced in the most severe case studied by us.  The 
more indefinite the articulation, the less noticeable are the 
markings of the phrasal and lexical accents, and the more 
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nt the MRPU shortening factors. The markings of the 
l accent remain present ― though greatly diminished 
s showing to be stronger than those of the phrasal 

t.  Individuals with Parkinson’s show ― in greater or 
r extent, and depending on the degree of severity of 
sease ― a marked fluctuation in the equivalence of 
GC and the syllable curves.  We have interpreted this 
sult of a lack of neuromotor control, which translates 
 lack of synchrony in the coupling of the oscillators. 
 on that hypothesis, the rhythmic alterations that are 
t in the speech of Parkinson’s sufferers would not be 

y a result of motor alterations, but they would, also, 
t a cognitive aspect triggered by the lack of 

motor control.  Nevertheless, further studies are 
d necessary ― with a larger number of subjects, with 
dition of other speech tests and an association with 
latory-evaluation methods ― in order to prove that 
hesis. 
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