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Abstract
Parkinson’s Disease (PD) is a chronic neurodegenerative disease in which the symptoms of the
disease are worsen over time. Core symptoms of the disease are such as tremor-at-rest, rigidity,
postural instability, and bradykinesia. Apart from these motor-problems, other problems such as
sleep disorder, sensory abnormalities, neuropsychiatric disorders also exist. In addition to the
motor-problems, latest literature documented 80-90% of the people with Parkinson’s Disease
(PwP) are prone to develop voice impairment known as Parkinsonian Dysarthria, when
symptoms deteriorate, causing loss of communication, difficulties in swallowing and breathing
that are psychologically devastating and life threatening. Growing research in music therapy
(MT) and music-based rehabilitative activities worldwide documented positive effects on PwP.
A local research using therapeutic singing as rehabilitative model at the Malaysian Parkinson’s
Disease Association (MPDA) also have reported positive benefits in improving vocal problems
in the Malaysian PwP. In this research, some primary and preliminary data on the vocal
characteristic, including baseline vocal loudness (VL), pitch range (PR) and respiratory rate (RR)
were obtained among 22 local PwP prior to examining effects of singing on PwP. Findings of
this study showed that the PwP speak softer than the normal accepted range. The findings also
showed that they have tendency to develop rapid breathing, and their average pitch range while
singing is limited within the range of G#3 – B4. These findings can further propose guidelines
for voice rehabilitation models based on the preliminary voice characteristics concluded in this
study.
Keywords: Parkinson’s disease, Parkinsonian Dysarthria,voice characteristics, therapeutic
singing,
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Introduction
Parkinson’s Disease (PD) is a neurodegenerative disease that is caused by reduction in
the dopamine (that serves as a neurotransmitter in the nervous-system) in which the
symptoms of the disease deteriorate over time (Lim, Puvanarajah, Lee, Chee,
Viswanathan, Tan, Chong & Azrin, 2012; Schulz & Grant, 2000). PD causes both motor
and non-motor symptoms, and it has a tendency to provoke mental health issues
(Aarsland, Larsen, Karlsen, Lim, & Tandberg, 1999; Branchi, D'Andrea, Armida,
Cassano, Pezzola, Potenza, Morgese, Popoli, & Alleva, 2008; Jankovic, 2008; Meireles
& Massano, 2012; Rutten, Ghielen, Vriend, Hoogendoorn, Berendse, Leentjens, van der
Werf, Smit, & van den Heuvel, 2014).
There are four core symptoms in PD: tremor at rest, rigidity, bradykinesia
(slowness), and postural instability. However, more of other motor-symptoms, such as
freezing and dyskinesia also observed among PwP at different stages of the disease
(Dyduch & Załuska, 2014; Jankovic, 2008; Lim, Fox, & Lang, 2009; Politis, Wu,
Mollis, Bain, Chaudhuri & Piccini, 2010). The non-motor symptoms are such as
constipation, pain, sleep disorders, cognitive impairments, poor memory, slowness in
psychological responses, problems of visuospatial functioning (Aarsland, Larsen,
Karlsen, Lim, & Tandberg, 1999; Jenkinson, Peto, Fitzpatrick, Greenhall, & Hyman,
1995; Meireles & Massano, 2012; Pagonabarraga, Kulisevsky, Strafella, & Krack,
2015), and sensory motor integration impairments (Clark, Adams, Dykstra, Moodie, &
Jog, 2014; Jankovic, 2008; Ramig, Fox, & Sapir, 2007; Richardson, Sussman,
Stathopoulos, & Huber, 2014). These symptoms could emerge before the manifestation
of the motor problems (Lim et al., 2009). In addition to that, PwP frequently suffers
from neuropsychiatric symptoms, such as depression (Branchi et al., 2008), anxiety
(Rutten et al., 2014), apathy (Pagonabarraga et al., 2015), hallucination/delusions
(Meireles & Massano, 2012) and psychosis (Aarsland et al., 1999).
Speech Impairments in Parkinson’s Disease
Among the motor-problems the PwP are facing, voice impairment in PD is one of the
most prominent symptoms. Studies pointed out that PwP are prone to develop
hypokinetic dysarthria (HD, also known as Parkinsonian dysarthria), a voice and speech
production problem due to PD (Miller, Noble, Jones, & Burn, 2006; Ramig et al., 2007).
Some early studies in the 1980s suggested that there are 50% of PwP presenting
communication difficulties (Scott & Caird, 1983). Later studies in 2006 proposed that
the percentage of PwP who showed impairments in speech is close to 80% (Miller et al.,
2006); and more recent studies by Ramig and Fox predicted that there are near to 90%
of the PwP demonstrating deficits in speech (Ramig et al., 2007), which has raised an
alarming alert to this problem.
HD happens when movements of the larynx reduced due to inadequate muscle
activation. Typical symptoms in HD include softness in speech (hypophonia), monotone
(dysprosody), imprecise articulation (slurred in speech), vocal tremor, and quality of
voice becoming hoarse and breathy; on the other hand, the inactive movements in the
lungs and respiratory systems resulted in reduced breath supports (Buetow, Talmage,
McCann, Fogg, & Purdy, 2014; Elefant, Baker, Lotan, Lagesen, & Skeie, 2012; Fogg-
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Rogers, Buetow, Talmage, McCann, Leao, Tippett, Leung, McPherson, & Purdy, 2015;
Haneishi, 2001; Ramig et al., 2007; Schulz & Grant, 2000).
HD is generally regarded as part of the natural deterioration of PD, however, in
addition to the natural deterioration of the disease, it was also reported that PwP who
had undergone Deep Brain Surgery (STN-DBS, deep brain surgery of the subthalamic
nucleus) has higher tendency to manifest voice impairments (Wertheimer, Gottuso,
Nuno, Walton, Duboille, Tuchman, & Ramig, 2014). Another study filed report that
speech impairments in PD could be an adverse drug event to Dopamine Agonist (DA),
which is a common pharmacological treatment for PwP (Cacciatore, Simone, Patrocinio,
& Sallustio, 2012).
There are a few major impacts on the PwP and their caregivers due to the
changes in their vocal quality and speech intelligibility in their daily lives. A qualitative
study identified and characterized four main impacts due to speech impairments from
the PwP’ perspectives: 1) interaction with others; 2) problems with conversations; 3)
feelings about intelligibility; and 4) the voice. The main concern among the PwP was
not merely about the change of voice itself but the poor communication that resulted in
loss of dignity (Miller et al., 2006).
The impaired voice and speech doesn’t only affect the PwP but it also creates
serious impact on the PwP’ caretakers and their immediate family members, as it causes
frustrations and further leading the PwP to withdraw from the daily conversations as
well as social events, which then increase the risks of developing psychological
disorders such as depression and anxiety which seriously affect their quality of life
(Aarsland et al., 1999; Miller, Deane, Jones, Noble, & Gibb, 2011; Miller et al., 2006;
Ramig & Fox, 2007).
Treatments in Parkinsonian Dysarthria
The present treatments for PD are mainly pharmacological. Medications such as
levodopa (L-dopa) is often used to treat motor symptoms in PD. L-dopa is used to
restore dopamine level in the brain, where the reduction of which is the cause of the
disease. Common levodopa-containing drugs are such as Madopar® and Sinemet® (for
initial state of PD); other medications such as selegiline, amantadine, dopamine-agonists
can also be prescribed (Lim et al., 2012). For treatments related to speech impairments
in PD, there are studies which have reported unsatisfactory outcomes from both
pharmacological and surgical treatments (Pinto, Ozsancak, Tripoliti, Thobois,
Limousin-Dowsey, & Auzou, 2004; Schulz, Greer, & Friedman, 2000). Both treatments
filed speech deficits in PwP following STN-DBS (Wertheimer et al., 2014) or reported
as an adverse drug event following DA (Cacciatore, Simone, Patrocinio, & Sallustio,
2012). Even though both treatments reported significant improvements to the limbs’
motor functions, however deficits in speech intelligibility were reported, the studies thus
concluded that improvements in limbs do not associate with improvements in voice.
In contrary to pharmacological and surgical treatment, behavioral treatments
such as speech therapy and music therapy that focus on conscious and repeated training
to strengthen vocal muscles appears to be a more effective way to treat HD (AtkinsonClement, Sadat, & Pinto, 2015; Pinto et al., 2004; Schulz & Grant, 2000). Among
speech therapies, the Lee Silvermann Voice Treatment® (LSVT) has proven over these
two decades to have received positive results in treating speech impairments in PwP.
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Vast literatures and meta analyses documented the effects of LSVT in treating HD
among PwP and majority of which reported positive outcomes in the parameters of
vocal loudness, phonatory, articulation, and respiration. The classic LSVT is conducted
four times per week within 4 weeks and it was claimed that the effects could last for two
years after treatment (Ramig & Fox, 2007). On the other hand, growing number of
research in MT, including MT that focus on singing as intervention, also demonstrated
positive effects in improving motor functions, speech impairments, facial expressions,
and mood among PwP (Elefant, Lotan, Baker, & Skeie, 2012; Elefant et al., 2012;
Evans, Canavan, Foy, Langford, & Proctor, 2012; Haneishi, 2001; Pacchetti, Mancini,
Aglieri, Fundarò, Martignoni, & Nappi, 2000). More specifically, a few studies in MT
have shown singing techniques to have helped to extent chest capacity, improves
respiratory muscles movements and hence helps to improve breathing, leading to
significant improvements in voice productions (Evans, Canavan, Foy, Langford, &
Proctor, 2012; Tanday, 2016).
Another small study that examines efficacy of Music Therapy Voice Protocol
(MTVP) on speech intelligibility (how speech is comprehensible) and vocal intensity
revealed some small but positive improvements in the acoustic variables which include
speech intelligibility, vocal intensity, maximum vocal range, maximum duration of
sustained vowel phonation, vocal fundamental frequency, vocal fundamental frequency
variability and mood. MTVP runs for three times weekly for a duration of 12-14 weeks.
Even though some parameters didn’t achieve statistical significance due to small sample
size (N=4), however improvements in means were detected and it was suggested that
singing may influence vocal projections leading to improvements in speech (Haneishi,
2001).
Other similar studies were carried out thereafter. A study done by Elefant et al.
in 2012 also reported significant positive effects in singing quality and vocal range but
reported no changes to quality of speech. The intervention was based on group singing,
participants received 60-minutes singing intervention in small group setting for 20
consecutive weeks. There were 10 PwP who are stable responders to levodopa and in
Hoehn and Yahr scale (stage 2 or 3) participated in this one-group repeated measure
design study. Research result showed significant improvements in five of the six singing
qualities (fluency, singing accuracy, intensity of dB, consistency of dB, voiceless,
voiced) at Time 2 and 3 (p < .01), as well as voice range and the Vocal Handicap Index
(VHI) physical subscale at Time 3 (Elefant et al., 2012).
In addition to the above studies, another two-years longitudinal study in UK
reported small but significant improvements in laryngeal elements and small degree of
improvements in participants’ self-rating quality of life, suggesting that group singing
helps to prevent deterioration in voice and to maintain voice quality among the PwP
(Evans et al., 2012). Another study of PwP’ experience in Choral Singing Therapy (CST)
in New Zealand reported that choral singing helped PwP to self-manage some
consequences of their conditions, which include low mood, social isolation and
communication difficulties (Fogg-Rogers et al., 2015).
Voice Characteristics
Even though growing researches have been focused on testing the efficacy of musicbased therapeutic protocols on voice impairments in the PwP, but limited research had
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reported the voice characteristics of the PwP. These include finding out the baseline in
vocal loudness, pitch ranges and respiratory rates in the PwP. These baseline data are
important to allow voice-rehab instructors or music therapists to draft a more reasonable
rehabilitation plan that is feasible and possible for the PwP to master, in order to achieve
the overall rehabilitation purposes and to avoid any unforeseeable harm to the voice due
to a wrong choice of repertoire. A good decision on the repertoire takes account of the
baseline ability of the PwP and a good set of repertoires will be able to achieve
rehabilitation objectives without probability to harm the voice.
Methodology and Procedures
A total of 22 PwP from the Malaysian Parkinson’s Disease Association participated in a
research that study effects of a singing protocol on PwP. These PwP consisted of 10
males (45.5%) and 12 females (54.5%) ranging in age from 45 to 86 years old (M=68.4
y/o), with 45 years old (y/o) being the youngest participant and 86 y/o being the oldest
participant, with a mean age at 68.41 y/o (SD=8.921). The research participants had
lived with PD for a mean time of 8.7 (SD=5.715) years, ranging from 1 year to 20 years
(M=8.77 years).
The participants in this study were first measured their baseline vocal
parameters before following through a series of voice rehabilitation activities. The vocal
parameters in this study focused on better understanding the vocal problems/ symptoms
following HD, hypophonia (vocal loudness), issues related with breathing, and
dysprosody (monotonous, lack of pitch range in speech). Therefore, the baseline vocal
parameters that were measured in this study included both the minimum amplitude
(softest voice) at read and maximum amplitude (loudest voice) at read; respiratory rate;
as well as both minimum pitch (lowest note the PwP can reach) and maximum pitch
(highest note the PwP can reach). Each procedure will be further elaborated in the
description below:
Vocal Amplitude. Both min amplitude and max amplitude data were obtained
when participants were reading a passage at their normal comfortable volume,
mimicking a closest possible situation to normal daily speech. The sound meter was
placed at the distance of 8cm from the participants’ mouth, data were noted in decibels
(dB).
The data for vocal amplitude was obtained through a smartphone app (see
Figure 1) that functions as a sound pressure level (SPL) meter called Sound Meter
V.1.6.13 developed by Smart tools co. Both min and max score (softest and loudest) of
sound level could be detected during a same measurement time. Figure 1 shows a
sample of data, it can be clearly seen that the min score (softest voice) and max score
(loudest voice) in a reading session were obtained, in which the min=62dB and max =
79 dB.
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Figure 1. An example of acoustic data through ‘Sound Meter’ app.

Respiratory Rate. Respiratory rate refers to the number of breaths per minute.
Healthy adults’ respiratory rate is ranged between 12-20. In the context of this study,
Respiratory Rate in PwP is measured with smartphone app named iCare Respiratory
Rate V.3.6.0 (see Figure 2) in the unit of breath-per-minute. Respiratory rate data was
obtained when the participants are at relaxed sitting posture before a singing activity
takes place. Figure 2 shows the overview of the smartphone app.

Figure 2. iCare respiratory rate app.
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Pitch Range. Pitch range was measured individually to determine the lowest
and the highest pitch a participant could reach. PwP tend to speak in monotone with a
decreased pitch range thus affecting the quality of their speech, hence it is important to
understand the issues by grasping their baseline pitch ranges and to further drafting
rehabilitation plan to expand their pitch range. Participants were asked to sing a set of
researcher’s created vocalises (see Figure 3, Figure 4, Figure 5, and Figure 6) and each
vocalise was played on a music keyboard to accompany participants and assessed by the
researcher. Both the highest (max) and lowest (min) pitches were recorded according to
musical notation and then translated to frequency (Hz) when analyzing data.

Figure 3. Vocalise Type A.

Figure 4. Vocalise Type B.

Figure 5. Vocalise Type C.

Figure 6. Vocalise Type D.

Results
Vocal Amplitude
Table 1 below shows the descriptive statistics of the min vocal amplitude at read.
Lowest min vocal amplitude score was noted at 45dB, whilst highest min vocal
amplitude score was noted at 58dB, with its mean score=52.09dB among the 22 PwP
participants.
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Table 1
Descriptive Statistics of Min Vocal Amplitude at Read
N

Minimum

Maximum

Mean

Std. Deviation

AMP read min

22

45.00

58.00

52.0909

3.71495

Valid N (listwise)

22

Table 2 below listed out the frequencies of min vocal amplitude by number of
participants. Highest frequencies of min vocal amplitude were noted at 52dB (4
participants) which is very close to the mean min vocal amplitude score.
Table 2
Frequencies of Min Vocal Amplitude by Number of Participants

Valid

Frequency

Percent

Valid Percent

Cumulative Percent

45.00

1

4.5

4.5

4.5

46.00

1

4.5

4.5

9.1

47.00

1

4.5

4.5

13.6

48.00

1

4.5

4.5

18.2

49.00

3

13.6

13.6

31.8

51.00

1

4.5

4.5

36.4

52.00

4

18.2

18.2

54.5

53.00

1

4.5

4.5

59.1

54.00

2

9.1

9.1

68.2

55.00

2

9.1

9.1

77.3

56.00

3

13.6

13.6

90.9

57.00

1

4.5

4.5

95.5

58.00

1

4.5

4.5

100.0

Total

22

100.0

100.0

Similarly, Table 3 below shows the descriptive statistics of max vocal
amplitude at read. Lowest max vocal amplitude noted was 65dB, whilst highest max
vocal amplitude was noted at 86dB, with its mean score=74.68dB among the 22 PwP
participants.
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Table 3
Descriptive Statistics of Max Vocal Amplitude at Read
N

Minimum

Maximum

Mean

Std. Deviation

AMP read max

22

65.00

86.00

74.6818

4.83427

Valid N (listwise)

22

Table 4 below shows frequencies of max vocal amplitude by number of
participants. Highest frequencies of max vocal amplitude were noted at 75dB (4
participants), which is also very close to the mean max vocal amplitude score.
Table 4
Frequencies of Max Vocal Amplitude by Number of Participants

Valid

Frequency

Percent

Valid Percent

Cumulative Percent

65.00

1

4.5

4.5

4.5

66.00

1

4.5

4.5

9.1

70.00

2

9.1

9.1

18.2

72.00

2

9.1

9.1

27.3

73.00

2

9.1

9.1

36.4

74.00

2

9.1

9.1

45.5

75.00

4

18.2

18.2

63.6

76.00

3

13.6

13.6

77.3

78.00

1

4.5

4.5

81.8

79.00

1

4.5

4.5

86.4

81.00

1

4.5

4.5

90.9

82.00

1

4.5

4.5

95.5

86.00

1

4.5

4.5

100.0

Total

22

100.0

100.0

Respiratory Rate
For respiratory rate, it is important to note that the healthy respiratory rate in a healthy
adult should be within the range of 12 to 20 breaths per minute. Table 5 below showed
descriptive statistics of the scores of the respiratory rate with min score = 14
breaths/min and max score = 28 breaths/ min, with its mean score = 20 breaths/min. The
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mean score shows that the respiratory rate was within the healthy range however it was
at the border of the higher side signifying a risk to rapid breathing.
Table 5
Descriptive Statistics of Respiratory Rate
N

Minimum

Maximum

Mean

Std. Deviation

RESPIRATORY R

22

14.00

28.00

20.0000

3.08607

Valid N (listwise)

22

To understand this scenario better, frequencies of respiratory rate by number of
participants were listed out, as shown in the Table 6 below. The table displayed that 13
participants’ respiratory rate was within the healthy range of 12 to 20 breaths/min,
whilst 9 participants’ respiratory rate had gone above 20 breaths/min, with the highest
frequencies noted at 19 breaths/min and 22 breaths/min (4 participants each). This has
raised some alarming alert in issues related with breathing among the PwP.

Table 6
Frequencies of Respiratory Rate by Number of Participants

Valid

Frequency

Percent

Valid Percent

Cumulative Percent

14.00

1

4.5

4.5

4.5

16.00

1

4.5

4.5

9.1

17.00

2

9.1

9.1

18.2

18.00

3

13.6

13.6

31.8

19.00

4

18.2

18.2

50.0

20.00

2

9.1

9.1

59.1

21.00

2

9.1

9.1

68.2

22.00

4

18.2

18.2

86.4

24.00

2

9.1

9.1

95.5

28.00

1

4.5

4.5

100.0

Total

22

100.0

100.0

Pitch Range
Being monotonous is a prominent symptom in Parkinsonian Dysarthria, it is of utmost
importance to investigate both the min pitch (lowest frequency, Hz) and max pitch
(highest frequency, Hz) of a PwP to subsequently being able to draw a singing-based
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voice rehabilitation plan with good recommendation to repertoires in order to expand
pitch range.
Table 7
Descriptive Statistics of Min Pitch
N

Range

Pitchmin

22

191.04

Valid N

22

Minimum Maximum
138.59

329.63

Mean

Std.
Deviation

Variance

214.2741

53.18449

2828.590

(listwise)

Table 7 above shows the descriptive statistics of min pitch among the 22
participants, the lowest score of min pitch was noted at 138.59Hz (equivalent to C#3),
whilst the highest score of min pitch was noted at 329.63 (E4), with a total difference in
15 semitones. The mean score of min pitch is noted at 214.2741Hz (G#3), signifying
that averagely the lowest note PwP can reach at baseline is at G#3.
Table 8
Descriptive Statistics of Max Pitch

Pitchmax1
Valid N

N

Range

Minimu
m

Maximu
m

Mean

Std.
Deviation

Variance

22

634.61

196.00

830.61

500.8364

161.96049

26231.19
9

22

(listwise)

Table 8 above shows the descriptive statistics of max pitch among the 22
participants, the lowest score of max pitch was noted at 196Hz (equivalent to G3),
whilst the highest score of min pitch was noted at 830.61 (G#5), with a total difference
in 25 semitones. The mean score of max pitch is noted at 500.8364Hz (B4), signifying
that, in average, the highest note PwP can reach at baseline is at B4.
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Table 9
Transcription of Musical Notes to Unit in Frequency (Hz), adapted from Computer Science
Department, Aarhus University, UK

Discussion
The purpose of this study aimed to explore the baseline vocal parameters among the
PwP that include vocal amplitude (loudness), respiratory rate, and pitch range. These
three parameters were noted as the most prominent symptoms in voice disorders among
the PwP, which has seriously affected the effectiveness in delivering voice and/or
participate in any daily conversation due to the inaudible volume due to shallow
breathing and monotonous pitch.
The findings of the study revealed that mean min vocal amplitude at read was at
52.09dB, signifying that the softest voice of the PwP in a daily conversation is
averagely lower than the normal conversation amplitude standard which is commonly
accepted at 60dB. However, the mean max vocal amplitude at read was noted at
74.68dB, indicating that the loudest voice of the PwP in a daily conversation is still
audible.
Taking consideration of both min vocal amplitude and max vocal amplitude that
should happen normally in a daily conversation following the normal fluctuations of
speech patterns, the min vocal amplitude noted in this study revealed that the softest
voice in the PwP were below the standard average and posited possibilities of
difficulties for listeners to capture all the speech of the PwP due to inconsistency of
volume.
On the other hand, the baseline respiratory rate was at the higher side of the
healthy range, the mean respiratory rate was noted at 20 breaths/min, showing that the
PwP were probably having a higher tendency to develop rapid breathing due to shallow
breathing, in another word, the PwP prone to take more breaths than normal in a given
time (minute).
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Singing activities generally teach an individual to amplify the voice through
vocal techniques such as mastering diaphragmatic breathing techniques, training the
voice with better vocal resonance via controlling both the consonants and vowels, as
well as training the vocal muscles to be in a better closure (Bennett, 2017; Pabon,
Stallinga, Södersten, & Ternström, 2014; Sataloff, 2015). With such, it is hypothesized
that with the vocal training through singing, one would be able to have a better control
to their vocal and breathing muscles, hence being able to breath deeper to avoid shallow
breathing, as well as producing louder voice through better control to the vocal fold’s
closure.
This study also disclosed that the baseline mean min pitch was 214.2741Hz
(G#3), and the baseline mean max pitch was at 500.8364Hz (B4). This gives a general
yet very helpful overview to music therapists as well as music-based activities’
instructors to repertoire planning. A good repertoire plan leads towards successful
outcome to expanding pitch ranges; however, a bad repertoire plan could lead to other
vocal complications such as more vocal strains, voice damage and laryngeal fatigue.
Conclusion, Implications and Recommendation for Future Research
The findings of the baseline vocal parameters in the study concluded that the PwP speak
in a volume lower than the normally accepted range, they have a tendency to develop
rapid breathing due to shallow breathing, and their average pitch range while singing is
limited within the range of G#3 – B4.
These baseline data do not only revealed the current voice problems in the PwP
but also give a clear guideline to music therapists as well as music-based activities’
instructors, including voice experts and composers to further planning and/or
composing songs that is specifically designed and composed for this cohort, for the
purpose of improving voice parameters with vocal training through gradual increment in
the level of difficulties of songs in terms of dynamic changes, demands in breathing
control with long/short musical phrases and pitch range. Moreover, it also gives the
voice activities executives a clearer direction into designing a voice rehabilitative
program that better fits into the needs of the PwP.
However, it is recognizable that there were several limitations of this study.
First, the study was conducted only among the members in the Malaysian Parkinson’s
Disease Association where the members are mostly living in Kuala Lumpur or Selangor.
Hence, the result in this study is not generalizable to the wider PwP in Malaysia. Thus,
it is recommended that a national scale investigation in the voice characteristics among
the PwP should be carried out in order to obtain the data that is more of representative.
Secondly, the parameters that were examined was limited to vocal amplitude,
respiratory rate and pitch range, as these were being noted as the most prominent
symptoms in voice disorders among the PwP; however, not forgetting that there are also
other problems in voice and speech among the PwP such as faded articulation and vocal
hoarseness, thus it is important to recommend that more thorough investigation on voice
characteristics should be carried out in order to acquire a more comprehensive
understanding on the voice problems of this cohort.
Though the result was not able to be generalized to a broad PwP population, and
that the parameters being examined were not comprehensive, this study provides an
overview in the vocal problems and voice characteristics in the PwP. Music or singing
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based voice rehabilitation programs for PwP are relatively new in Malaysia, these
findings were clearly able to propose an evident direction and draw a clear guideline
into shaping a voice rehabilitative program that is of benefit to the PwP in Malaysia.
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