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SUMMARY

The article presents the research project “Suprasegmentals in Dysarthric Speech in Cases of 
Cerebral Palsy. Acoustic Analyses in Experimental Logopedic Studies on Polish-Speaking Children 
Aged 6 to 15 Years”. The objective of these planned studies is to describe and compare the acoustic 
parameters of suprasegmentals in the speech of dysarthric children with CP – in the experimental 
group (30 persons) and in the control group (30 children in whom no speech disorders and CP have 
been diagnosed). The analysis of the suprasegmental level of the phonetic sequence will include 
intonation, word and sentence stress, rhythm of utterances, rate of speech, length of phrases, and 
respiratory, phonatory and articulatory synchronization, nasal resonance, and voice quality. Statisti-
cal analyses of the results of acoustic experiments will also enable an evaluation of the relationships 
holding between selected suprasegmental phenomena in dysarthric speech. Moreover, we are plan-
ning to conduct studies with the participation of speech therapists as competent raters, whose task 
will be to conduct an auditory evaluation of particular phenomena manifesting themselves at the su-
prasegmental level of utterances of children with CP-related dysarthria, as well as  an evaluation of 
the degree of intelligibility of their pronunciation. A comparison of the results of an acoustic analysis 
with the results of a perceptual analysis will make it possible to indicate the relationship between the 
individual suprasegmentals and between the realization of suprasegmentals and the intelligibility of 
CP-related dysarthric speech. 
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INTRODUCTION

Linguistic communication disorders understood as problems with commu-
nicating in one’s ethnic language in its primary (spoken) and secondary (written) 
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modes affect the majority of persons with cerebral palsy (CP),1 this being a sig-
nificant aspect of psychosocial problems associated with this syndrome. Dysar-
thria is one of more frequent speech disorders in CP: it is diagnosed in ca. 30% 
of patients (Obrębowski and Woźnica 1997; Mirecka and Gustaw 2005). Since 
the clinical picture of infantile cerebral palsy shows motor disorders as dominant, 
connected with the dysfunction of the central nervous system, I regard dysarthria, 
defined as performance disorders of the motor speech mechanism, as a speech im-
pediment specific to CP (Mirecka 2013a). Neurological impairments – the cause 
of dysarthria – are manifested in the dysfunctions in the respiratory, phonatory 
and articulatory apparatus that result in distortions of the phonic substance of  
utterances at the segmental and suprasegmental levels. Dysarthric disorders have 
a different range and intensity (in extreme cases they are manifested as an inability 
to produce speech sounds) and a large group of patients have to cope with a seri-
ous problem – limited intelligibility of their pronunciation that makes it difficult 
or impossible to impart information through the articulatory-auditory channel 
(Mirecka 2008; 2015).

The survey of English and Polish literature of the subject published in the 
recent thirty years indicates several main areas of research into CP-related dysar-
thria:

1. The most established and clinically preferred studies based on the proce-
dures of perceptual analysis of dysarthric speech; 

The diagnostician’s auditory and visual systems allow him to make observa-
tions in two aspects: vocal and motor ones, enabling the identification and dif-
ferentiation of symptoms, as well as the assessment of the intensity of vocal ab-
normalities produced by a patient (mainly at the phonic level of utterances), and 
of motor dysfunctions (especially the motor activities of the speech apparatus). In 
experimental studies, perceptual analysis is used first of all to determine the symp-
tomatology of dysarthria in CP (Love 2000) and to differentiate its clinical types 
(Moore et al. 1991). The established indicators essential for diagnosing dysarthria 
are used in techniques applied in examining dysarthric patients – rating scales 
(Bunton et al. 2007; Murdoch 1998). The methods of the perceptual analysis are 
classified as subjective (Keintz et al. 2007; Kent 1996) and – although the sub-
jectivity factor is minimized by the criteria defined in the scales – the evaluation 

1 The term cerebral palsy refers to the etiologically and clinically diverse syndrome of symp-
toms, in which, the symptoms of motor dysfunctions (permanent disorders in the development of 
movement and posture, they are attributed to non-progressive disturbances that occur in the develop-
ment of the brain of the fetus or infant) are often accompanied by disorders in communication and 
behavior, sensation, perception, cognition, epilepsy and secondary musculoskeletal problems; the 
most essential in the pathomechanism of this neurodevelopmental disorder are symptoms regarded 
as dominant ones: limb pareses indicating the central motor neuron injury, involuntary movements 
showing an injury to the subcortical nuclei, ataxic motor and balance disorders indicating the cer-
ebellum injury (Gajewska 2009; Kułak and Sobaniec 2006; Michałowicz 2001).
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of disorders depends to a certain extent on the diagnostician’s clinical experience. 
examples of such studies conducted in Poland are those oriented towards finding 
relationships between dysarthric speech disorders and the clinical picture of CP  
(Sobaniec et al. 2008) and those studying the intelligibility of utterances in CP 
(Mirecka 2010/2011; 2013a).

2. examinations using instrumental methods to assess the condition of the 
speech organs and their functioning, such as computer tomography (CT), mag-
netic resonance (Mri), electromyography (eMG), electroglottography (eGG), 
ultrasonography (USG), laryngophotokimography, videofluoroscopy, pneumog-
raphy, etc.; 

Such objective examinations inter alia enable establishing correlations 
between the symptomatology of dysarthric speech and pathophysiological 
indicators, e.g. the eMG examination of muscles of the articulatory apparatus 
is conducted to verify theories concerning the pathophysiology of dysarthria in 
CP cases (Neilson and O’Dwyer 1981), examination of relationships between the 
range of morphological changes reveal in CT and MRI, and the degree of motor 
dysfunctions and the intensity of dysarthric difficulties in CP children  (Otapowicz 
et al. 2007), or examination of movements of the speech organs (kinematics) in 
the  contexts of articulatory dysarthric difficulties (Chen et al. 2010). 

3. Examinations based on the analysis of the acoustic aspects of speech, con-
ducted first of all to assist medical diagnosis and support rehabilitation;

The analysis of acoustic parameters (formant frequency distribution, nasal-
ity coefficient, changes in amplitude, etc.) allows one to determine the degree 
of pathological changes, or their impact on utterance intelligibility (Kent et al. 
1999), e.g. in studying relationships between vowel contrasts and intelligibility 
of dysarthric speech in CP cases (Kim et al. 2011), in assessing the efficacy of 
therapeutic methods  (Marchant et al. 2008), as well as comparison of normative 
and disturbed emotional prosody (Waryszak 2013).    

4. application studies oriented toward analyzing the influence of various 
therapeutic measures;

examples include the examination of the influence of the art therapy 
(Pąchalska et al. 2001) and gesture support (Hustad and Lee 2008) on the level 
of intelligibility of utterances by dysarthric patients, studies on the role of early 
treatment, based on multi-specialist diagnosis, in faster improvement of speech, in 
preventing negative psychological effects, and in better social adjustment (Nawal 
et al. 2008).

5. Examination of different aspects of communication of persons with dysar-
thria in the course of CP;

Examples include the examination of relationships between cognitive, prag-
matic and motor aspects of utterances by persons with dysarthric disorders (Falk-
man et al. 2005; Pirila et al. 2007; Sigurdardottir and Vik 2011; Svraka 2008),  
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and also of linguistic competencies (in the oral and written subcodes of language) 
in children diagnosed with dysarthria in the course of CP (Michalik 2012; Dahl-
gren Sandberg 2006).

To transfer into the Polish context the results of examinations whose subject 
are utterances in a foreign language is possible only to some extent; they have to 
be complemented with the data resulting from the analysis of  utterances by per-
sons who use Polish or try to learn it: this applies in a special way to speech dis-
orders in children. This transfer in the direction of Polish constitutes not an easy 
task difficult because the comparatively great complexity of Polish consonantal 
phonology understood syntagmatically (e.g. long consonantal clusters) or para-
digmatically as a complex place-of-articulation contrast makes all comparisons 
with other languages very difficult. Thus even a simple pronunciation test can 
constitute a much more difficult challenge for a Polish child than for a child whose 
native language is phonologically simpler. 

THe SCieNTifiC GOaL Of THe PrOJeCT

The scientific goal of the project “Suprasegmentals in dysarthric speech in 
cases of cerebral palsy. Acoustic analyses in experimental logopedic studies on 
polish-speaking children aged 6 to 15 years” is to widen the existing knowledge 
about the suprasegmental features in the speech of dysarthric Polish-speaking 
patients with CP. As part of the project, experimental logopedic investigations 
will be conducted, whose results will enable finding out acoustic parameters of 
suprasegmental phenomena in dysarthric speech in CP cases. The analysis of the 
suprasegmental level of the phonetic sequence will include intonation, word and 
sentence stress, rhythm of utterances, rate of speech, length of phrases, and re-
spiratory, phonatory and articulatory synchronization, nasal resonance, and voice 
quality. The objective of these planned studies is to describe and compare su-
prasegmentals in the speech of children aged 6–15 – in the group of dysarthric 
children in CP and in the group of children in whom no speech disorders and CP 
have been diagnosed. Statistical analyses of the results of acoustic experiments 
will also enable an evaluation of the relationships holding between selected supra-
segmental phenomena in dysarthric speech. Moreover, we are planning to conduct 
studies with the participation of speech therapists as competent raters, whose task 
will be to conduct an auditory evaluation of particular phenomena manifesting 
themselves at the suprasegmental level of utterances of children with CP-related 
dysarthria, as well as  an evaluation of the degree of intelligibility of their pro-
nunciation. A comparison of the results of an acoustic analysis with the results of 
a perceptual analysis will make it possible to define the predictors determining 
the level of utterance intelligibility in dysarthric children with CP (cf. De Bodt  
et al. 2002).
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The concept of the studies arose from a methodological reflection in the 
course of analyzing the present author’s own research conducted from 2010 to 
2012 as part of the post-doctoral research project “Segmental and suprasegmental 
specificity of the phonic sequence and intelligibility of utterances in dysarthric 
cases in infantile cerebral palsy” (38th research project contest of the Ministry 
of Science and Higher education, project no. NN 106 268538), carried out at 
the Department of Logopedics and applied Linguistics, Maria Curie-Skłodowska 
University, Lublin (Mirecka 2013a). One of the research objectives of the project 
involved analysis of the phonic sequence at the suprasegmental level, thereby 
enabling detection of disturbances in the prosodic organization; the evaluation of 
phenomena manifesting at the suprasegmental level was qualitative and quantita-
tive (on the five-degree scale determining the level of intensity of abnormalities). 
The empirical material prepared at that time in accordance with the perceptual 
(auditory and visual) analysis procedure (audiovisual recordings of utterances of 
children with CP-related dysarthria) would be acoustically analyzed in the future. 

reSearCH PLaN

This project becomes an attempt at fulfilling the plan that arose 3 years ago 
– it is planned to make use of archive utterances recordings of children with CP-
related dysarthria, who were diagnosed by the author in the studies that were 
a part of the post-doctoral research project. Language material intended to acous-
tic analyses will be chosen from previously collected audiovisual recordings (the 
language material are 20 words and 9 sentences repeated by the children after 
the researcher, from tests contained in the Dysarthria Scale. Children’s Version 
(Mirecka and Gustaw 2006) – the main diagnostic technique of the post-doctoral 
research project). The type of the language material subjected to analysis (consti-
tuted by words and sentences) and the type of the task the speaker is to perform 
(a repetition of language material first pronounced by the researcher), is widely 
used in numerous experimental studies (cf. Kim et al. 2011). The decision to select 
the linguistic material to be analyzed (it consists of words and sentences) and the 
type of the speaker’s task (which consists in repeating what the researcher says) is 
influenced by the following factors:

a) The necessity of collecting the empirical material of both (experimental 
and control) groups, comparable in terms of language and the type of task; 

The character of disorders in intellectually disabled children in ICP exerts an 
impact on their linguistic functioning (problems with competence and linguistic 
skills) – their spontaneous utterances are usually limited, both in terms of length 
(prevalence of one-word utterances) and type (they are declarative utterances). 

b) The necessity of proper identification of the linguistic material (decoding 
of utterances);
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in the case of a significant intensity of dysarthric disorders, decoding a spon-
taneous utterance may be impossible, which makes it difficult -or even impos-
sible- to interpret acoustic analysis (e.g. regarding realizations of sentence stress, 
intonation, or text phrasing). In the case of realization disorders (dysarthria is 
a disorder at the executive level of the motor speech mechanism) the use of word/
sentence repetition tests provides an opportunity to assess the capability of using 
the speech apparatus, which certainly does not mean that the results obtained in 
the studies so constructed can be fully extrapolated to spontaneous speech. The 
planned language material has been regarded as sufficient for the purposes of 
experimental comparative studies of the suprasegmental aspect of performance 
efficiency.

Work plan:
1. Definition of the groups of the studied children aged 6–15.
experimental group: 30 children with CP-related dysarthria; the experimental 

group divided into two 15-child subgroups: intellectually normal children (av-
erage and below-average intelligence) and mentally retarded children (mild and 
moderate retardation); Control group: 30 children without CP and speech disor-
ders, intellectually normal.

2. Preparation of the empirical material of the  experimental group for analy-
sis (choice of the linguistic material from archive recordings of children with CP-
related dysarthria).

3. Logopedic and psychological assessment of children from the control 
group (field studies in educational institutions).

4. Collecting the empirical material of the control group – repeating words 
and sentences from the Dysarthria Scale  by the children – digital audiovisual 
recordings (field studies).

5. Acoustic analysis of phenomena manifesting themselves at the supraseg-
mental level of utterances in the collected language material (the language mate-
rial are twenty words and nine sentences repeated by the children after the re-
searcher, from tests contained in the Dysarthria Scale).

Polish words 
monosyllabic: pies, dom, stół 
disyllabic: lampka, wąsy, bałwan, noże, zima, dziadzio, małpka, ogień 
trisyllabic: zabawki, gazeta, widelec, mamusia, kapelusz
quadrasyllbic: filiżanka, telewizor, helikopter
Polish sentences
Dziewczynki i chłopcy to dzieci.
Jabłuszka i banany są bardzo smaczne.
Pan Hilary zgubił swoje okulary.
Drzwi są zamknięte.
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Czy możesz zamknąć te drzwi?
Zamknij te drzwi!
Dzisiaj idę na spacer.
Dzisiaj idę na spacer.
Dzisiaj idę na spacer.
In the analysis of the language material  of the experimental groups special at-

tention will be focused on disorders of suprasegmental level typical of dysarthric 
speech (Mirecka 2013b) – here given in brackets:

• intonation (monotonous, unstable intonation);
• sentence stress  (reduced stress);
• rhythm of utterances  (weakening/ suppression of consonance isochronism, 

incorrect word stress, vowel prolongation, “chanting”, “staccato” – lack of flu-
ency in articulation transitions, stronger sounding of some phones);

• rate of speech: duration of particular segments of the phonic sequence – 
speech sounds and acoustic pauses, number of respiratory pauses (too slow, un-
stable rate);

• phrase length: duration and number of syllables within a phrase (too short 
phrases);

• respiratory-phonatory-articulatory synchronization (speech on residual air 
and on inhalation);

• nasal resonance  (hypernasality, unstable resonances);
• voice quality  (hoarse, weakened voicing, intermittent phonation, loss of 

voice);
• voice volume (too soft voice, unstable in volume);
• voice pitch (unstable, unintentionally variable pitch, too high/too low voice);
• vocal attack (hard/breathy).
The graphs of the following relationships between:
• amplitude of the signal acoustic pressure and time = oscillogram: a(t)
• frequency and time (+ amplitude) = spectrogram: f(t); a
• pitch and time = intonogram: f0 (t)
• sound intensity level and time: i(t)
The analysis of particular variables of acoustic contours: speech signal inten-

sity, frequency and time will enable indicating acoustic parameters of supraseg-
mentals, which are subjected to the assessment (Demenko 1999; Dukiewicz and 
Sawicka 1995).

6. Examinations with the participation of 30 speech therapists as competent 
raters:  the auditory assessment of particular phenomena manifesting at the  su-
prasegmental level of  utterances of  children with CP-related dysarthria, and the  
assessment of the degree of intelligibility of their pronunciation. The sentences 
repeated by children (mentioned in point 5) are the language material which is 
auditorily assessed.  
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7. Statistical analysis of the data – results of acoustic analyses and assess-
ments given by competent raters.

8. Interpretation of the data.

reSearCH MeTHODOLOGy

The plans of solving the posed problem involve carrying out empirical ex-
aminations using linguistic, especially in the fields of acoustic phonetics and pho-
nology, speech-therapy, audiological, psychological, and engineering competen-
cies (technical physics, medical specialty) as well as those in biocybernetics and 
speech acoustics represented by persons to be employed on the project. 

The methodology of the acoustic examination was created and consulted by 
experts from the Maria Curie-Skłodowska University (UMCS) in Lublin: Prof. 
Wiesława Kuniszyk-Jóźkowiak (the UMCS faculty of Mathematics, Physics and 
Computer Sciences, Division of Biocybernetics), Wiktor Gonet, PhD (the UMCS 
faculty of Humanities, institute of english Studies, Division of Phonetics and 
Phonology) and Małgorzata Waryszak, Ma (the UMCS faculty of Humanities, 
doctoral studies).

The methodology of statistical surveys was created by Beata Daniluk, PhD 
(the UMCS Faculty of Education and Psychology, Institute of Psychology, Divi-
sion of Clinical Psychology and Neuropsychology).

The experimental method:
Two groups of children aged 6–15 will participate in the experimental exami-

nations: they were qualified for the examinations based on the established selec-
tion procedure: the criterion group will comprise dysarthric children with CP (30 
persons), half of whom will be characterized by intellectual disability (children 
with a mild degree of mental retardation, and children with a moderate degree); 
for the control group (30 persons), children of the same age and sex and without 
CP, dysarthria and mental retardation (intellectually normal children). Moreover, 
we are planning to conduct studies with the participation of speech therapists as 
competent raters (30 persons), whose task will be to conduct an auditory evalua-
tion of particular phenomena manifesting themselves at the suprasegmental level 
of utterances of children with CP-related dysarthria, as well as  an evaluation of 
the degree of intelligibility of their pronunciation.

The method of logopedic diagnosis: 
Logopedic diagnosing language and communication skills; the main tech-

nique used in investigations will be Dysarthria Scale. Children’s Version (Mirecka 
and Gustaw 2006). The Dysarthria Scale consists of 70 tasks in nine consecutive 
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spheres, whose arrangement is based on transition from more complex acts and 
functions to simpler ones:

I. Self-Assessment
Sphere I pertains to such aspects as intelligibility of the patient’s own utter-

ances, his fatigability during speech, respiration problems and vocal difficulties, 
which we get to know from the perspective of the subject tested.

II. Intelligibility
Sphere ii assesses the intelligibility of words (62) and sentences (9) which 

the patient repeats after the testing person, and intelligibility of the patient’s free 
utterances.

III.  Articulation
Tasks in Sphere iii serve to identify difficulties in the pronunciation of vow-

els, consonants and consonant clusters in words repeated by the subject, and pos-
sible problems with realization of the phonetic structure of polysyllabic words. 
Phonetic abnormalities at the segmental level are also recorded in tests consisting 
in repetition of sentences and in the patient’s free utterances.

IV. Resonance
Sphere iV covers abnormalities in nasal resonance in words and sentences 

repeated by the patient and in his free utterances.
V. Prosody
in the tasks of Sphere V we assess the ability to imitate intonation in sentenc-

es and intonation in free utterances, the ability to imitate various stress patterns, 
realization of the rhythmic aspects of speech and the ability to maintain the appro-
priate rate of speech in repeated sentences and in free utterances. We also assess 
the ability to accelerate and slow down the speech rate and length of phrases in 
sentences and free utterances as well as synchronization of respiration, phonation 
and articulation.

VI. Phonation
Sphere Vi comprises tasks that test vocal attack, maximum phonation time, 

voice volume during speech, the ability to raise and lower voice volume, voice 
pitch and the ability to raise and lower it, and the quality of voice.

VII. Respiration
Sphere Vii defines the type and rhythm of respiration at rest and during 

speech; it also assesses the length of exhalation phase.
VIII. Alternating movements
Sphere Viii permits assessment of diadochokinesis in the articulatory ap-

paratus. Tests of alternating movements cover lip and tongue movements at the 
horizontal and vertical levels performed as motor exercises and as movements 
during articulation of contrasting sounds and syllables in respect of pronun- 
ciation.
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IX. Functional condition of musculature of the articulatory apparatus
Sphere IX tasks provide information about the work of muscles of the lips, 

tongue, soft palate and throat, the level of lip and tongue tone, and symmetry of 
facial muscles; we also note the occurrence of involuntary movements.

Tasks are graded on the 5-point scale (0 to 4): 0 – absence of disorders, 1 – 
slight degree of disorder, 2 – moderate degree of disorder, 3 – significant degree 
of disorder, 4 – profound degree of disorder. Apart from the grade point assess-
ment, the testing person also gives descriptive information concerning the way of 
performance of particular tests by the subject.

The method of psychological diagnosis: 
Measuring the level of general intelligence in the control group (The Raven’s 

Standard Progressive Matrices). The information about the level of intellectual 
development of the children  from the experimental group was contained in the 
psychological documentation which was shared with the author by the authorities 
of the establishments where the examination was conducted from 2010 to 2012 in 
the post-doctoral research project (Mirecka 2013a).

The methodology of speech acoustics:
The following computer programs will be used to carry out acoustic analyses: 

adobe audition, Praat, WaveSurfer and WaveBlaster (WaveBlaster – software de-
veloped by Dr. ireneusz Codello of Maria Curie-Skłodowska University for au-
tomatic detection of speech disfluencies.  it produces oscillograms, spectrograms 
and scalograms with the use of the Fast Fourier Transform, the wavelet transform 
and  Kohonen neural networks, which enables it to reduce noise. The software can 
be used to control the correctness of speech signal segmentation). 

The language material are twenty words and nine sentences repeated by the 
children after the researcher.

Suprasegmental phenomena (with the parameters analyzed):
1. intonation –  research in this point aims at defining the quality of intonation 

and possible finding of the presence of monotonous or unstable intonation. The 
study will be based upon studying the frequency of F0  (fundamental frequency, 
laryngeal tone), specifically its frequency at peaks of the accented syllables rela-
tive to the mean values for phrases.

2. Sentence stress – the study aims at the assessment of the placement of the 
sentence stress in accordance with the sentence’s logic. It will be studied by:

 2.1.  an f0 reading and observing its shape, as well as reading its values at 
syllable peaks; 

 2.2.  studying the relative changes in sound intensity (reading it at peaks of 
accented syllables and at the neighbouring syllables; comparison of 
their values;
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 2.3.  duration study: comparison of the duration of accented syllables rela-
tive to the other syllables within the phrase.

3. Utterance rhythm - encompasses the study of five suprasegmentals vectors 
that make up the rhythm of an utterance:

 3.1.  Correct vs. incorrect word stress studied by reading F0 course and 
value and comparing the relative intensity and syllable duration; 

 3.2.  Weakening/elimination of isochrony studied by measuring the dura-
tion of stress groups;

 3.3.  Prolonging sounds – studied by measurement of duration of the pro-
longed speech sounds;

 3.4.  Chanting – studied by marking and measuring inter-syllable pause du-
rations;

 3.5.  Staccato – studied by measuring the durations of speech sounds and 
pauses (if they exist between them). 

4. Speech pace – the study will aim at identifying too slow or unstable speech 
pace. Studied by taking measurements of the durations of the successive segments 
of the phonetic sequence of speech sounds and acoustic pauses. Defining the num-
ber of breath pauses.

5. Phrase duration and syllable number within phrases – studied by count-
ing syllables within a phrase on the basis of a segmented acoustic speech signal; 
measuring phrase duration.

6. Breath – phonation and articulatory synchronization – assessed on the basis 
of the presence of ingressive speech or speaking with last reserves of air. Studied 
by observing the occurrence of voiced and voiceless sounds on the basis of F0 and 
voice bar presence. Evaluation of synchronisation will also be done by resorting 
to video recordings.

7. Nasal resonance – disturbances in nasal resonance, that are most often re-
vealed as hypernasalization of unstable resonance, will be evaluated on the basis 
of vowel formant analysis.

8. Voice quality:
 8.1.  Hoarse voice – its presence will be determined by observing the oscil-

lographic and spectrographic images, as well as determining the value 
of jitter that describes the variability in the periodicity of the acoustic 
speech signal; 

 8.2. Voicing weakening– understood as VOT and ViC variability;
 8.3.  Voice breaks – studying the presence vs. absence of quasi-periodic 

vibrations in the oscillogram and of voice bars in the spectrogram;
 8.4. aphonia – as above;
 8.5.  Incorrect voice intensity: instability of voice intensity – studied by 

measuring the values of the relative intensity and shimmer, with the 
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aid of z viewing video recordings that allow to observe the occurrence 
of voiceless articulation and changing distance between the micro-
phone and the person being recorded;

 8.6.  Pitch abnormalities (unstable unintentional excessive pitch variability, 
too high/low voice – studied by analyzing the shape of the f0 curve 
and measuring f0 in the successive syllables; comparing the local 
readings with the mean;

 8.7.  abnormal voice attack – hard attack vs. soft attack- studied on oscil-
lographic and spectrographic visualizations.

The methodology of auditory analysis:
Competent raters (30 persons – speech therapists) will conduct auditory eval-

uation of the suprasegmental phenomena and the level of utterance intelligibility 
in dysarthric children with CP (the assessment on the five-degree scale determin-
ing the level of intensity of abnormalities: 0 – absence of disorders, 1 – slight  
degree of disorder, 2 – moderate degree of disorder, 3 – significant degree of dis-
order, 4 – profound degree of disorder). The language material are nine sentences 
repeated by the children after the researcher, from tests contained in the Dysar-
thria Scale.

The statistic methods:
Descriptive statistics (the mean, the measure of dispersion), analysis of vari-

ance, correlation analyses, regression models; statistical package SPSS 22 for 
Windows will be used to conduct these analyses. 

The use of descriptive statistics (the mean, the measure of dispersion) at the 
first stage of analysis of results will enable a detailed description of supraseg-
mental phenomena in the two groups of children.  Analysis of variance will make 
it possible to compare the acoustic parameters of the children’s utterances, and 
to determine the characteristic features of the subjects in the individual groups, 
taking the level of intellectual capacity into consideration. To determine to what 
extent the acoustic characteristics of the children’s speech can be accounted for 
by their neurological condition (presence/absence of CP and dysarthria) will be 
possible based on the measures of effect sizes (Cohen’s coefficient and omega-
squared coefficient). for comparisons between the two independent groups the  
t test and the Mann–Whitney U test will be used, depending on the distribution of 
variables. 

At the second stage, correlation analyses will be carried out to assess relation-
ships between selected phenomena of dysarthric speech (Pearson’s r or Spear-
man’s r). 

The last stage will use regression models (inter alia multiple regression and 
logistic regression models), which will make it possible to establish predictors 

UrSzULa MireCKa



109

determining the level of intelligibility of verbal utterances by CP children, and to 
assess the risk of occurrence of pathological phenomena.

SiGNifiCaNCe Of THe PrOJeCT

The present project entails conducting primary research on Polish linguistic 
material: the studies concerned with the acoustic parameters of suprasegmental 
phenomena in dysarthric speech in CP (suprasegmentals in the utterances by Pol-
ish-speaking patients diagnosed with dysarthria in the course of CP). The planned 
studies are experimental, they enable intergroup comparisons: suprasegmentals 
in the speech of children aged 6–15 in the group of subjects with CP-related dys-
arthria and in the group of subjects in whom speech disorders and CP were not 
found. The planned research procedure should also provide information on the 
acoustic aspect of relationships between phenomena at the suprasegmental level 
and intelligibility of dysarthric speech. The foregoing problems have not yet been 
the subject of research using the Polish linguistic material, this fact justifying the 
investigation of the research problem.

The original contribution of the project will be to develop, based on the con-
ducted studies, the list of acoustic parameters that characterize disorders of the 
phonic sequence at the suprasegmental level in cases of CP-related dysarthria, and 
to indicate the degree of their impact on the level of intelligibility of utterances 
by dysarthric persons (it is essential to include in speech-therapy diagnosis the 
evaluation of utterance intelligibility because of its communication aspect). These 
data can be used in comparative studies on speech disorders, in particular those 
neurologically related.

The investigation of the research problem means, the applicant assumes, 
progress in the methodology of speech therapy research conducted in Poland: it 
can therefore contribute to the development of Polish linguistics, in particular, 
acoustic phonetics and phonology, and neurologopedics.

BiBLiOGraPHy

De Bodt M. S., Hernandez-Diaz Huici M. e., van de Heyning P. H., 2002, Intelligibility as a linear 
combination of dimensions in dysarthric speech, “Journal of Communicaton Disorders”, 30, 
pp. 283–292.

Botinis a., Granström B., Möbius B., 2001, Developments and paradigms in intonation research, 
“Speech Communication”, 33, pp. 263–296.

Bunton K., Kent r. D., Duffy J. r., rosenbek J. C., Kent J. f., 2007, Listener Agreement for Audi-
tory-Perceptual Ratings of Dysarthria, “Journal of Speech, Language, and Hearing research”, 
50, pp. 1481–1495.

SUPraSeGMeNTaLS iN DySarTHriC SPeeCH iN CaSeS Of CereBraL...



110

Chen C., Chen H., Hong W., yang f. G., yang L., Wu C., 2010, Oromotor variability in children with 
mild spastic cerebral palsy: a kinematic study of speech motor control, “Journal of Neuroen-
gineering and rehabilitation”, 7(54), pp. 1–11.

Ciocca V., Whitehill T. L., 2004, The Impact of Cerebral Palsy on the Intelligibility of Pitch-ba-
sed Linguistic Contrasts, “Journal of Physiological antropology and applied Human Scien-
ce”, 23, pp. 283–287.

Crystal D., 1979, Prosodic development, [in:] P. fletcher, M. Garman (eds.), Language Acquisition,  
Language Acquisition, Cambridge, pp. 33–48.

Dagenais P. a., Brown G. r., Moore r. e., 2006, Speech rate effects upon intelligibility and accep-
tability of dysarthric speech, “Clinical Linguistics & Phonetics”, 20(2/3), pp. 141–148.

Daniluk B., 2007, Specyficzne zaburzenia językowe u dzieci – objawy i mózgowe podłoże, [in:] 
a. r. Borkowska, Ł. Domańska (eds.), Neuropsychologia kliniczna dziecka – wybrane zagad-
nienia, Warszawa, pp. 117–137.

Demenko G., 1999, Analiza cech suprasegmentalnych języka polskiego na potrzeby technologii 
mowy, Poznań.

Demenko G., 2003, Fonetyczno-akustyczna analiza zaburzeń głosu, słuchu i mowy w pracach An-
toniego Pruszewicza, [in:] a. Obrębowski, z. Tarkowski (eds.), Zaburzenia procesu komuni-
katywnego, Lublin, pp. 25–33.

Duffy J. r., 2005, Motor Speech Disorders. Substrates, Differential Diagnosis, and Management, 
Philadelphia.

Dukiewicz L., Sawicka I., 1995, Gramatyka współczesnego języka polskiego. Fonetyka i fonologia, 
ed. H. Wróbel, Kraków.

eberhardt G., 1998, Zaburzenia głosu u dzieci w wieku rozwojowym, [in:] H. Mierzejewska, 
M. Przybysz-Piwkowa (eds.), Zaburzenia głosu – badanie – diagnozowanie – metody uspraw-
niania, Warszawa, pp. 7–21.

eberhardt G., Mikiel W., 1997, Zaburzenia głosu u dzieci z mózgowym porażeniem dziecięcym, 
[in:] H. Mierzejewska, M. Przybysz-Piwkowa (eds.), Mózgowe porażenie dziecięce. Proble-
my mowy, Warszawa, pp. 38–44.

fonagy i., Berard e., 2006, Functions of Intonation, [in:] y. Kawaguchi, i. fonagy, T. Moriguchi 
(eds.), Prosody and Syntax: Cross-linguistic Perspective, Philadelphia, pp. 19–46.

Gajewska e., 2009, Nowe definicje i skale funkcjonalne stosowane w mózgowym porażeniu dziecię-
cym, “Neurologia Dziecięca”, 18 (35), pp. 67–72.

Gonet W., 2011, Próba określenia normy polskich samogłosek ustnych, [in:] J. Bartmiński, M. No-
wosad-Bakalarczyk (eds.), Współczesna  polszczyzna. Prozodia, fonetyka, fonologia, Lublin, 
pp. 108–130.

Gonet W., Gubrynowicz r., 1996, Polish version of the EUROM1 database – numbers and pas-
sages. Second Quarterly Progress Report; BABEL – A Multi-Language Database, CO-
PERNICUS Project 1304. Commission of the European Community, Reading University,  
pp. 213–256.

Gonet W., Trochymiuk a., 2007, Typologia procesów fonologicznych opracowana na podstawie 
materiału zawartego w bazie danych COPERNICUS 1304-BEBEL PL, [w:] Język, interak-
cja, zaburzenia mowy. Metodologia badań, red. T. Woźniak, a. Domagała, Lublin, 185–211.

Gonet W., Pietroń G., 1999, Semi-Automatic Continuous Speech Segmentation and Labelling Pro-
cedure, “Speech and Language Technology”, 3, pp. 235–253.

Gubrynowicz r., 2008, Metody oceny akustycznej głosu i mowy w procesie rehabilitacji fonia-
trycznej dzieci, [in:] J. Porayski-Pomsta (ed.), Diagnoza i terapia w logopedii, Warszawa, 
pp. 59–79.

Gustaw K., Gonet W., 2007, Speech Efficiency Test as a tool in the diagnosis of extrapiramidal di-
seases. A case report of multiple System Atrophy – Parkinson type.

UrSzULa MireCKa



111

Hirst D. J., 2005, Form and function in the representation of speech prosody, “Speech Communica-
tion”, 46, pp. 334–347.

Hortis-Dzierzbicka, M., radkowska e., Gonet W., 2012, Visual aspects of speech in patients with 
cleft lip and palate, “Logopedia”, 41, pp. 133–139.

Jassem W., 1992, Biolingwistyka: wybrane zagadnienia, [in:] A. Pruszewicz (ed.), Foniatria klinicz-
na, Warszawa, pp. 73–88.

Keintz C. K., Bunton K., Hoit J. D, 2007, Influence of Visual Information on the Intelligibility of 
Dysarthric Speech, “american Journal of Speech-Language Pathology”, 16, pp. 222–234.

Kent r. D., (ed.), 1992, Intelligibility in Speech Disorders. Theory, measurement and management, 
Philadelphia.

Kent r. D., 1996, Hearing and Believing: Some Limits to the Auditory-Perceptual Assessment of 
Speech and Voice Disorders, “american Journal of Speech-Language Pathology”, 5, pp. 7–23.

Kent r. D., Kim, y.-J., 2008, Acoustic analysis of speech, [in:] M. J. Ball, M. r. Perkins, N. Müller, 
S. Howard (eds.), Handbook of clinical linguistics, Hoboken, pp. 360–380.

Kent r. D., Vorperian H. K., Kent J. f., Duffy J. r., 2003, Voice dysfunction in dysarthria: appli-
cation of the Multi-Dimensional Voice ProgramTM, “Journal of Communication Disorders”, 
36, pp. 281–306.

Kent r. D., Weismer G., Kent J. f., Vorperian H. K., Duffy J. r., 1999, Acoustic Studies of Dysar-
thric Speech: Methods, Progress, and Potential, “Journal of Communication Disorders”, 32, 
pp. 141–186.

Kim y., Kent r., Weismer G., 2011, An Acoustic Study of the Relationships Among Neurologic Di-
sease, Dysarthria Type, and Severity of Dysarthria, “Journal of Speech, Language, and He-
aring research”, 54, pp. 417–429.

Kim y., Kuo C., 2011, Effect of Level of Presentation to Listeners on Scaled Speech Intelligibility of 
Speakers with Dysarthria, “folia Phoniatrica et Logopaedica”, 64(1), pp. 26–33.

Klessa K., Wagner a., Oleśkowicz-Popiel M., 2011/2012, Using „Paralingua” database for inve-
stigation of affective states and paralinguistic features, “Technologia Mowy i Języka – Speech 
and Language Technology (SLT)”, 14/15, pp. 71–92.

Koman L. a., Paterson Smith B., Shilt J. S., 2004, Cerebral palsy, “Lancet”, 363, pp. 1619–31.
Kułak W., Sobaniec W., 2006, Mózgowe porażenie dziecięce – współczesne poglądy na etiopatoge-

nezę, diagnostykę i leczenie, “Klinika Pediatryczna”, 14, pp. 442–447.
Kuniszyk-Jóźkowiak W., 1991, Możliwości akustycznej oceny niepłynności mówienia, “Logope-

dia”, 18, pp. 65–71.
Kuniszyk-Jóźkowiak W., 1996, Zagadnienia logopedyczne w polskich badaniach akustycznych, 

“Logopedia”, 23, pp. 127–136
Kuniszyk-Jóźkowiak W., 1996, Akustyczna analiza i stymulacja płynności mówienia, Lublin, 

p. 118.
Kuniszyk-Jóźkowiak W., 2011, Przetwarzanie sygnałów biomedycznych, Lublin, UMCS, p. 141.
Kuniszyk-Jóźkowiak W., Suszyński W., Warchoł J., 1998, Spektrograficzna analiza niepłynności 

mowy, “Logopedia”, 25, pp. 37–45.
Kuniszyk-Jóźkowiak W., Suszyński W., 1999, Wykorzystanie metod akustycznych w diagnozowaniu 

i terapii zaburzeń mowy, “Logopedia”, 26, pp. 97–103.
Liss J. M., White L., Mattys S. L., Lansford K., Lotto a. J.,Spitzer S. M., Caviness J. N., 2009, Qu-

antifying Speech Rhythm Abnormalities in the Dysarthrias, “Journal of Speech, Language, and 
Hearing research”, 52, pp. 1334–1352.

Love r. J., 2000, Childhood Motor Speech Disability, Boston.
Łobacz P., 1996, Polska fonologia dziecięca. Studia fonetyczno-akustyczne, Warszawa.
Łobacz P., 2001, Wymowa patologiczna a norma fonetyczna w świetle analizy akustycznej, [in:] 

S. Grabias (ed.), Zaburzenia mowy, Mowa. Teoria-Praktyka, vol. 1, Lublin, pp.189–215.

SUPraSeGMeNTaLS iN DySarTHriC SPeeCH iN CaSeS Of CereBraL...



112

Maniecka-aleksandrowicz B., Szkiełkowska a., 1998, Zaburzenia głosu w porażeniach krtani, 
[in:] H. Mierzejewska, M. Przybysz-Piwkowa (eds.), Mózgowe porażenie dziecięce. Proble-
my mowy, Warszawa, pp. 27–37.

Marchant J., Mcauliffe M. J., Huckabee M. L., 2008, Treatment of articulatory impairment in 
a child with dysarthria associated with cerebral palsy, “Developmental Neurorehabilitation”, 
11(1), pp. 81–90.

Michalik M., 2012, Skutki opóźnienia rozwoju mowy lub jej niewykształcenia w mózgowym pora-
żeniu dziecięcym (ujęcie pozajęzykowe i fenomenologiczno-egzystencjalne), “Forum Logope-
dyczne”, 20, pp. 30–7

Michałowicz r. (ed.), 2001, Mózgowe porażenie dziecięce, Warszawa.
Mirecka U., 2008, Standard postępowania logopedycznego w przypadku dyzartrii, “Logopedia”, 

37, pp. 235–242.
Mirecka U., 2010/2011, Ocena zrozumiałości wypowiedzi w dyzartrii, “Logopedia”, vol. 39/40, 

pp. 185–196.
Mirecka U., 2010/2011, Assessment of Utterance Intelligibility in Dysarthria, “Logopedia” (edycja 

cyfrowa: www.logopedia.umcs.lublin.pl), pp. 175–186.
Mirecka U., 2011, Intelligibility of Utterances by Pupils with Infantile Cerebral Palsy in Light of 

Experimental Studies, [in:] i. C. Torres, L. G. Chova, a. L. Martinez (eds.), ICERI 2011 Proce-
edings, ed. , Madrid: International Academy of Technology, Education and Development (IA-
TED), ww.iated.org, 004982-92.

Mirecka U., 2013a, Dyzartria w mózgowym porażeniu dziecięcym. Segmentalna i suprasegmental-
na specyfika ciągu fonicznego a zrozumiałość wypowiedzi w przypadkach dyzartrii w mpd., 
Lublin.

Mirecka U., 2013b, Substancja foniczna wypowiedzi w przypadkach dyzartrii w mózgowym poraże-
niu dziecięcym, “Logopedia”, 42, pp. 125–134. 

Mirecka U., Gustaw K., 2005, Dyzartria w mózgowym porażeniu dziecięcym. Eksperymentalna 
Skala dyzartrii jako technika diagnostyczna pomocna w określaniu specyfiki zaburzeń mowy 
w mpd, “Logopedia”, 34, pp. 273–289.

Mirecka U., Gustaw K., 2006, Skala dyzartrii. Wersja dla dzieci, Wrocław.
Moore C. a., yorkston K. M., Beukelman D. r., 1991, Dysarthria and Apraxia of Speech Perspec-

tives on Management, Baltimore.
Munhall K. G., Jones J. a., Callan D. e., Kuratate T., Vatikiotis-Bateso e., 2004, Visual Prosody and 

Speech Intelligibility. Head Movement Improves Auditory Speech Perception, “Psychological 
Science”, 15(2), pp. 133–137.

Murdoch B. E. (red.), 1998, Dysarthria. A Physiological Approach to Assessment and Treatment, 
Cheltenham.

Nawal M. Khalifa, elfiky M.r., Basiony S., 2008, Speech Disorders in Cerebral Palsied Children 
and Adolescents, “Journal of Medicine and Medical Sciences”, 4(1), pp. 7–13.

Neilson P. D., O’Dwyer N.J., 1981, Pathophysiology of dysarthria in cerebral palsy, “Journal of 
Neurology, Neurosurgery, and Psychiatry”, 44, pp. 1013–1019.

Nishio M., Niimi S., 2001, Speaking rate and its components in dysarthric speakers, “Clinical Lin-
guistics & Phonetics”, 15, pp. 309–317.

Obrębowski a., Woźnica B., 1997, Zaburzenia dysartryczne u dzieci z mózgowym porażeniem dzie-
cięcym, [in:] H. Mierzejewska, M. Przybysz-Piwkowa (eds.), Mózgowe porażenie dziecięce. 
Problemy mowy, Warszawa, pp. 21–24.

Otapowicz D., Sendrowski K., Waś a., Cholewa M., 2011, Rozwój mowy dzieci z mózgowym po-
rażeniem dziecięcym a występowanie upośledzenia umysłowego, “Neurologia Dziecięca”, 
20(41), pp. 65–71.

UrSzULa MireCKa



113

Otapowicz D., Sobaniec W., Kułak W., Sendrowski K., 2007, Severity of dysarthric speech in chil-
dren with infantile cerebral palsy in correlation with the brain CT and MRI, “Advances in Me-
dical Sciences”, 52, pp. 188–190.

Pąchalska M., frańczuk B., MacQuen B. D., Jastrzębowska G., Perzanowski z., Neldon K., 2001, 
The impact of art therapy on the intelligibility of speech in children with cerebral palsy, 
“Ortopedia Traumatologia Rehabilitacja”, 3(4), pp. 508–518.

Smołka e., Kuniszyk-Jóźkowiak W., Dzieńkowski M., Suszyński W., 2003, Rola rytmu w percepcji 
płynności, [in:] A. Nowakowski (ed.), Biocybernetyka i inżynieria biomedyczna, Gdańsk: Po-
litechnika Gdańska, pp. 558–563.

Smołka e., Kuniszyk-Jóźkowiak W., Suszyński W., Dzieńkowski M., Szczurowska i., 2004, Spe-
ech nonfluency recognition in two stages of Kohonen networks, “Structures-Waves-Human  
Health”, 13 (2), pp. 139–142.

Sobaniec W., Otapowicz D., Okurowska-zawada B., 2008, Dyzartryczne zaburzenia mowy w ko-
relacji z obrazem klinicznym mózgowego porażenia dziecięcego, “Neurologia Dziecięca”, 
17(34), pp. 29–35.

Szpyra-Kozłowska J., 2002, Wprowadzenie do współczesnej fonologii, Lublin.
Świdziński P., 2003, Zastosowanie obiektywnej techniki badań akustycznych w wykrywaniu zmian 

organicznych i czynnościowych głosu, [in:] a. Obrębowski, z. Tarkowski (eds.), Zaburzenia 
procesu komunikatywnego, Lublin, pp. 77–83.

The phonic substance of utterances in dysarthria cases in infantile cerebral palsy, “Logopedia” 42 
(edycja cyfrowa: www.logopedia.umcs.lublin.pl), pp. 123–132.

Tjaden K., Wilding G. e., 2004, Rate and loudness manipulations in dysarthria: Acoustic and per-
ceptual findings, “Journal of Speech, Language, and Hearing research”, 47, pp. 766–783.

Waryszak M., 2013, Analiza akustyczna normatywnej i zaburzonej prozodii emocjonalnej, “Logo-
pedia”, 42, pp. 87–100.

Wiskirska-Woźnica B., 2008, Kliniczna ocena czynności narządu głosu, [in:] a. Obrębowski (ed.), 
Narząd głosu i jego znaczenie w komunikacji społecznej, Poznań, pp. 42–49.

Wysocka M., 2010/2011, Ocena percepcji prozodii mowy, “Logopedia”, 39/40, pp. 229–240.
Wysocka M., 2013, Zaburzenia prozodii mowy, [in:] S. Grabias, M. Kurkowski (eds.), Logopedia. 

Teoria zaburzeń mowy, Lublin, pp. 165-184.
Xu y., 2011, Speech prosody: a methodological review, “Journal of Speech Sciences”, 1(1), 

pp. 85–115.
zraick r. i., Liss J. M., 2000, A Comparison of Equal-Appearing Interval Scaling and Direct Ma-

gnitude Estimation of Nasal Voice Quality, “Journal of Speech, Language, and Hearing rese-
arch”, 43, pp. 979–988.

SUPraSeGMeNTaLS iN DySarTHriC SPeeCH iN CaSeS Of CereBraL...


