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 LISTENER EFFORT IN PD

 Abstract 

Reduced speech intensity or hypophonia is a common speech deficit observed in hypokinetic 

dysarthria associated with Parkinson’s disease (PD). The introduction of background noise is a 

particularly relevant context to study in relation to this speech symptom. Previous research has 

indicated that listeners have more difficulty understanding dysarthric speech, and must exert 

more effort when listening. However, little is known of the specific features of the speech signal 

that contribute to perceived listener effort in the speech of individuals with PD and hypophonia. 

The purpose of this study is to investigate two speech features (1. Articulatory Imprecision 2. 

Reduced Loudness) that may contribute to perceived listener effort and that are commonly 

impaired in individuals with PD. This study also aims to determine potential relationships among 

ratings of listener effort and speech intelligibility in two noise conditions (no added background 

noise and 65 dB multi-talker background noise). Listener participants orthographically 

transcribed audio recordings of each speaker with PD reading three sentences from the Sentence 

Intelligibility Test (SIT). Intelligibility, listener effort, articulatory imprecision, and reduced 

loudness of these sentences was also rated in each noise condition using visual analogue scaling 

(VAS). Results revealed that the noise condition had a significant impact on the ratings of 

intelligibility, listener effort, articulatory imprecision, and reduced loudness. The results of this 

study revealed that individuals with PD and hypophonia were rated to have less intense speech, 

less precise speech, and reduced speech intelligibility in background noise, and ratings of listener 

effort were also significantly higher in background noise.  

Keywords: Parkinson’s disease, hypophonia, speech intelligibility, listener effort, articulation, 

loudness, motor speech disorders, hypokinetic dysarthria, speech perception, background noise.  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      Chapter 1 

1 Introduction  

 In 1817 a surgeon named James Parkinson wrote and published an influential essay in 

which he discussed shaking palsy. The symptoms of shaking palsy that he described included 

involuntary tremors, shuffling gait, and unaffected senses and cognitive abilities (Parkinson, 

1917). In 1879, Dr. Jean-Martin Charcot added rigidity to this list of symptoms and renamed 

shaking palsy as Parkinson’s disease (PD) (Parkinson Society, 2015). Much of the research on 

Parkinson’s disease focuses on overall bodily movement and treatment options. Many 

individuals with Parkinson’s disease experience symptoms that include speech and voice 

irregularities, usually defined as hypokinetic dysarthria, which can have a negative effect on 

communication. The ability to communicate effectively is paramount in order to succeed in any 

social environment, and research on this topic may help to guide treatment provided by speech-

language pathologists (Dykstra, Hakel, & Adams, 2007).  

1.1 Epidemiology  

 Parkinson’s disease is considered the second most common neurodegenerative disease 

after Alzheimer’s. PD affects 1% of the population worldwide after the age of 65, with an 

increase to 1-3% of the population after 80 years of age (Tanner & Goldman, 1996; Schneider & 

Obeso, 2014). The average age of onset of PD is 60 years of age, with approximately 10% of the 

PD population exhibiting early onset PD, which occurs before the age of 40 (Adams & Jog, 

2009). In Canada nearly 100,000 people live with PD, however many individuals remain 

undiagnosed; therefore the actual incidence is thought to be underestimated (Parkinson Society, 

2015; Twelves, Perkins, & Counsell, 2003). The prevalence rate of PD is approximately 
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1-2/1,000 while the incidence rate is approximately 1-2/10,000 (Parkinson Society, 2015). Many 

studies suggest that there is a higher incidence in men than women, but this needs further 

exploration to be confirmed (Twelves et al., 2003; Wirdefeldt, Adami, Cole, Trichopoulos, & 

Mandel, 2011). The underlying cause of PD is generally unknown, however it is assumed that 

both genetic and environmental factors play a part. About 15% of individuals with PD who have 

a first-degree relative are also affected by PD (Adams & Jog, 2009; Wirdefeldt et al., 2011; 

Schneider & Obeso, 2014).  

1.2 Pathophysiology 

 Individuals with Parkinson’s disease can demonstrate impairments in motor control, 

initiation, and termination of voluntary movements (Duffy, 2013). The basal ganglia and 

dopaminergic pathways are responsible for and contribute to motor control, initiation, and 

termination of voluntary movements, as well as maintenance of posture and static muscle 

contraction (Duffy, 2013). The basal ganglia is a group of nuclei that are located in the brain 

within the white matter. This area in the brain is comprised of the globus pallidus, putamen, 

caudate nucleus, substantia nigra, and subthalamic nucleus (Duffy, 2013). The striatum is another 

part of the basal ganglia that is relevant in PD, because it is also involved with motor control. 

Within the striatum are two important neurotransmitters, acetylcholine and dopamine. 

Acetylcholine is the synaptic transmitter for axonal terminations in the striatum whereas 

dopamine is produced in the substantia nigra and travels to the striatum (Duffy, 2013). In 

normally functioning basal ganglia, dopamine ensures that there is an appropriate amount of 

activity occurring at the synapses, and when there is dopamine deprivation the basal nuclei 

become overactive (McKim, 2007). Acetylcholine is an excitatory transmitter, meaning that 
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when it is present, an action potential across neurons is more likely to occur and that the message 

will result in intended motor movements (Campbell et al., 2008). Therefore, to maintain normal 

motor control, it is important that these neurotransmitters are chemically balanced.  

 In PD there are lesions in the basal ganglia that cause neurochemical loss of 

dopaminergic pathways within the substantia nigra, which in turn causes cell death and a 

chemical imbalance (Adams & Jog, 2009). Therefore, a lack of dopamine is responsible for the 

motor symptoms related to PD. As the dopaminergic neurons deteriorate, dopamine stores are 

reduced and when approximately 80-85% of the dopaminergic content is depleted, symptoms of 

PD start to appear (Wirdefeldt et al., 2011). As the dopaminergic content continues to deplete, the 

symptoms of PD increase in severity (Wirdefeldt et al., 2011). This is where some medications 

such as levodopa, carbidopa or sinemet become important. These medications can help to stall 

and reduce the speed of dopaminergic depletion by providing a substitute for the missing 

dopamine because they are metabolically similar to dopamine (McKim, 2007). This can help to 

reduce symptoms of PD and improve an individuals’ ability to function in their daily life (Adams 

& Jog, 2009). However, as neurons continue to die, the medications become less effective. Often 

within 10-15 years following diagnosis individuals with PD are significantly disabled and need 

to have specialized care (Parkinson Society, 2015).  

1.3 Clinical Features  

 The cardinal clinical features of Parkinson’s disease include rest tremor, rigidity, 

bradykinesia, and disturbances of posture and gait. In order to be diagnosed with PD, an 

individual must present with bradykinesia and at least one of three other clinical features 

including rigidity, tremor and/or postural instability (Sethi, 2002). A neurologist or general 
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practitioner usually makes the diagnosis; however there are no tests currently available to 

confirm the presence of PD aside from postmortem examination of the brain (Parkinson Society, 

2015). Therefore, the cardinal clinical features are what are relied upon for diagnosis.  

 The tremor that is present in Parkinson’s disease is classified as a rest tremor. This resting 

tremor occurs most often while the individual is at rest, and it may reduce or stop when voluntary 

movement occurs (Duffy, 2013). A rest tremor can occur in any of the limbs, as well as the head 

and orofacial regions such as the lips and jaw. The rest tremor can be accompanied by a “pill-

rolling” action made by the thumb and index finger which can be a primary manifestation of PD 

in 70% of individuals that are diagnosed (Parkinson Society, 2015). PD often emerges first with 

symptoms on one side of the body (unilateral), which eventually evolve to affect both sides of 

the body (bilateral) (Parkinson Society, 2015). It appears that for the most part, individuals with 

PD do not experience motor symptoms and dyskinesia in the same body region (Latorre et al., 

2014). Dyskinesia, which refers to abnormal, involuntary movements, is usually a side effect of 

medication, such as Levodopa. This may indicate that dyskinesia and motor symptoms are not 

entirely related, and perhaps that there are differences in the individual physiological changes 

that occur during PD (Latorre et al., 2014).  

 Rigidity is resistance to passive movement that can be felt across a full range of 

movement in all directions. Rigidity is generally characterized by a stiff feeling that is 

accompanied by slowness of movement (Duffy, 2013). Typically the wrist and neck are most 

noticeably affected, with the movement being described as sustained or cogwheel (Schneider & 

Obeso, 2014). Cogwheel rigidity is identified with a stiff and jerky movement during a passive 

stretch and can cause muscular discomfort (Duffy, 2013; Schneider & Obeso, 2014).  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 Issues with planning, initiation, and execution of movement often co-occur with basal 

ganglia disorders and are referred to as bradykinesia (Duffy, 2013). Clinical signs of 

bradykinesia include an impaired ability to complete complex motor tasks, reduction of arm 

swing, reduction in blinking and facial expressiveness (i.e., masked facial features), monotone 

pitch, monotone loudness level, and difficulty initiating speech production (Pal, Samii, & Calne, 

2002).  

 The disturbances of posture in PD can be characterized by an involuntary stooped 

appearance, referred to as trunk flexion, in which the neck and shoulders droop forward, and 

over time, this causes the spine to curve (Schneider & Obeso, 2014). This tends to be a sign that 

becomes more prevalent and worsens later in the course of PD. There are also signs of postural 

instability such as poor balance and loss of the above-mentioned postural reflexes, which can 

result in falling (Duffy, 2013). This is a debilitating aspect of PD because it is not easy to treat.  

 Gait disturbance is a common impairment in PD. Gait disturbance refers to the way in 

which individuals with PD walk, which is usually characterized by a change in stride length and 

walking speed (Duffy, 2013). Specifically, gait disturbances can be associated with shuffling and/

or festination of gait. Festination of gait refers to an increase in walking speed coupled with a 

forward leaning posture, which can result in a fall unless interrupted (Schneider & Obeso, 2014). 

Some individuals with PD can also “freeze” in doorways or cluttered spaces, and can have 

difficulty when trying to turn quickly. Together these gait disturbances can also result in falls 

(Duffy, 2013; Schneider & Obeso, 2014).  

 In general, individuals with PD have difficulty maintaining the amplitude of their 

movements. Hypokinesia is when this amplitude of movement is greatly reduced and this is 
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another common feature of PD (Duffy, 2013). Due to this, individuals with PD can have 

difficulty completing complex or sequential motor movements and may seem to be lacking in 

dexterity (Schneider & Obeso, 2014). This is thought to be one of the reasons that small/untidy 

handwriting, referred to as micrographia, is common in PD (Schneider & Obeso, 2014).  

 There are also other manifestations of PD, which can include cognitive disturbances, 

autonomic disturbances (i.e., sleep and bladder issues, constipation, dysphagia), and 

neuropsychiatric symptoms (i.e., depression, anxiety) (Sethi, 2002; Parkinson Society, 2015). It 

is thought that the clinical features of PD are also influenced by perceptual or sensory problems 

that may distort the way that individuals with PD perceive the world (Duffy, 2013). It is 

suggested that the basal ganglia play a role in the sensorimotor integration process. For example, 

studies have suggested that inaccurate estimation of distance when walking, and speech intensity 

regulation are disturbances that may be attributed to perceptual or sensory deficits (Abbruzzese 

& Berardelli, 2003; Ho, Bradshaw, & Iansek, 2000).  

1.4 Hypokinetic Dysarthria  

 It is estimated that over 75% of individuals with PD may also experience speech and 

voice irregularities directly related to disease progression, generally referred to as hypokinetic 

dysarthria (Logemann, Fisher, Boshes, & Blonsky, 1978; Adams & Jog, 2009; Skodda, 2011). 

Damage to the basal ganglia can also cause deficits of language formulation and motor 

programming (Altmann & Troche, 2011). As these symptoms continue to worsen they can be 

very disabling to the point that some individuals with PD lose their communication abilities and 

can feel socially isolated (Skodda, Gronheit, Mancinelli, & Schlegel, 2013; Dykstra et al., 2007). 

Hypokinetic dysarthria is generally associated with reduced overall movement in the orofacial 
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regions. This can present as speech related movements that are abnormally reduced in size and 

force (Duffy, 2013; Adams & Dykstra, 2009; Rusz, Cmejla, & Tykalova, 2013). Due to this 

reduction, articulation, speech intensity, and speech expressivity can all seem to be compressed 

(Adams & Dykstra, 2009). The most common cause of hypokinetic dysarthria is PD, however 

vascular trauma (i.e., stroke, aneurysm, anoxia), other degenerative disorders (i.e., Multiple 

System Atrophy, Progressive Supranuclear Palsy), toxic or metabolic conditions (i.e., carbon 

monoxide poisoning), and infection (i.e., post-encephalitic PD) can all result in a diagnosis of 

hypokinetic dysarthria (Duffy, 2013). The clinical description of hypokinetic dysarthria can 

include imprecise articulation, prosodic abnormalities such as monotony in loudness and pitch 

variation, rate abnormalities, disturbances to vocal quality, and hypophonia (Duffy, 2013).  

 Articulation. Individuals with hypokinetic dysarthria can have difficulty with the 

accurate production of vowels and consonants (Adams & Dykstra, 2009). Rusz and colleagues 

(2013) suggested individuals with PD have impairments in vowel production during spontaneous 

speech. They also suggested that imprecise vowel production might be an early marker of PD 

(Rusz et al., 2013). These researchers hypothesized that deficits in vowel production in the early 

stages of PD begin with the vowel /u/ and then /i/, and finally /a/. They suggest that /a/ may be 

more resistant to change because it might be easier to produce due to the posture of the 

articulators and orofacial musculature involved (Rusz et al., 2013). Logemann and Fisher (1981) 

described the features of imprecise consonant articulation in PD, which included distortions in 

stop, fricative, and affricate production. Logemann and Fisher (1981) suggested that these 

distortions may be the result of inadequate narrowing of the vocal tract. For example, stops and 

affricates were found to be produced more like fricatives, and fricatives were produced with less 
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frication (Adams & Dykstra, 2009).  

 Prosodic abnormalities: monoloudness and monopitch. Individuals with PD can also 

present with prosodic abnormalities such as deficits in loudness and pitch variation, commonly 

referred to as monoloudness and monopitch, respectively. Monoloudness can reduce contrast 

resulting in the perception of flat sounding speech (Duffy, 2013). Monopitch can reduce the 

expected contrast in speech and make speech sound flat (Duffy, 2013). Specifically, many 

individuals with PD have issues with contrastive stress patterns, for example “The girl jumped 

on the bed” (Pell, Cheang, & Leonard, 2006). Pell and colleagues (2006) found that when 

listeners heard the speech of individuals with PD, they had trouble identifying the intended 

meaning of sentences when there were two possible intentions that should have been made 

obvious by pitch or intonation changes. In addition, listeners were often unable to tell whether 

the participants with PD were asking questions or making statements (Pell et al., 2006). Together, 

the presence of monoloudness and monopitch can give the perceptual impression of a flat and 

attenuated speech pattern (Duffy, 2013). This indicates that there may be an increase in 

communication errors or misunderstandings when speaking to individuals with PD.  

 Rate abnormalities. Individuals with hypokinetic dysarthria and PD can experience rate 

abnormalities during speech production. Examples of rate abnormalities can include a variable 

speech rate, which can manifest as a slower than normal speech rate, a faster than normal speech 

rate, or as short rushes of speech (Adams & Dykstra, 2009). These rate abnormalities can impair 

successful communication by reducing intelligibility. Individuals with PD can also have trouble 

altering their rate of speech when prompted (Adams & Dykstra, 2009; Skodda, 2011; Skodda et 

al., 2013). The overall impression of rate disturbances associated with hypokinetic dysarthria can 
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be described as a ‘blurring of contrasts’ which can result in the perception of an increased rate of 

speech. The perception of ‘blurring’ can be the result of the presence of a rapid or accelerating 

rate combined with reduced excursions of the articulators (Duffy, 2013). Overall, the 

abnormalities in rate of speech observed in hypokinetic dysarthria are heterogeneous. However, 

rate abnormalities are often a distinctive feature of hypokinetic dysarthria, and the perception of 

a rapid rate of speech is unique to hypokinetic dysarthria (Duffy, 2013).  

 Voice Quality. Abnormal voice quality can also be present in the speech of individuals 

with hypokinetic dysarthria (Adams & Dykstra, 2009). In their study involving 200 patients with 

PD, Logemann and colleagues (1978) reported voice disorders in 89% of their sample. 

Therefore, individuals with PD are likely to develop a voice quality disorder at some point in 

their disease progression (Logemann et al., 1978). The most common vocal tract disorders in PD 

include breathiness, hoarseness, roughness, or tremulousness (Logemann et al., 1978). 

Logemann and colleagues’ findings may relate to the laryngeal issues observed in PD because 

there can be a co-occurrence of a breathy and a harsh voice quality. This suggests that there can 

be a combination of bowed vocal folds and problems with airflow (Duffy, 2013). As well, voice 

quality disorders can often co-occur with imprecise articulation (Logemann et al., 1978). 

Logemann and colleagues (1978) also suggest that the appearance of a voice quality disorder 

may begin the progression of vocal tract dysfunction in an individual with PD.  

 Hypophonia. One of the most prevalent and distinctive speech symptoms of hypokinetic 

dysarthria is hypophonia, also referred to as low speech intensity. Hypophonia often emerges as 

an initial speech symptom in the beginning stages of PD (Logemann et al., 1978). Ludlow and 

Bassich (1984), and Gamboa and colleagues (1997) found that hypophonia was present in 42% 
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and 49% of individuals they studied with hypokinetic dysarthria, respectively. Therefore 

hypophonia is a very common symptom of PD that requires treatment (Adams, Haralabous, 

Dykstra, Abrams, & Jog, 2005). The primary characteristic of hypophonia is a speech intensity 

deficit. This speech symptom can decrease speech intelligibility and hinder verbal 

communication in a multitude of social contexts (Darley, Aronson, & Brown, 1975). Individuals 

with hypophonia are often asked to repeat themselves and to speak louder. This can be very 

disabling and frustrating as it hinders fluid conversation, especially when the individual is 

unaware of their inappropriately soft voice. Generally when asked to speak louder individuals 

with hypophonia are able to increase their speech intensity, but indicate that they feel they are 

speaking at an inappropriately loud level (Clark, Adams, Dykstra, Moodie, & Jog, 2014). It is of 

interest that there is a dichotomy between clinical and perceptual impressions of hypophonia. For 

example, in clinical settings individuals with PD may seem appropriately loud due to the lack of 

background noise, or they may increase their speech intensity because they know what is 

expected of them in a treatment setting (Dykstra et al., 2007; Dykstra, Adams, & Jog, 2013).  

 Lombard effect. In 1911, an otolaryngologist named Étienne Lombard discovered a 

phenomenon that is relevant for both the speech and hearing sciences. He discovered that when 

an individual is speaking and there is noise present, he or she unconsciously increases the 

loudness of their speech until the noise is stopped. This phenomenon is referred to as the 

Lombard effect (Lane & Tranel, 1971). The Lombard effect is a feedback loop that allows an 

individual to self-monitor his or her speech levels. The purpose of the increase in speech 

intensity is thought to ensure that the message is accurately and optimally delivered from the 

speaker to the listener (Lane & Tranel, 1971). In order to understand speech intensity regulation 
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in background noise both in normal speakers and in individuals with hypophonia, the Lombard 

effect is particularly relevant. It is of interest to explore the Lombard effect through the 

introduction of background noise when studying individuals with PD and hypophonia because 

hypophonia is often exacerbated in this context. In the presence of background noise, healthy 

individuals without PD will increase the duration, intensity, and fundamental frequency of their 

speech, specifically for informationally important words, in order to get the correct message 

across (Patel & Schell, 2008). The difficulty healthy individuals without PD face when speaking 

in background noise is assumed to be increased for individuals with hypophonia (Adams et al., 

2005).  

  In 2005, Adams and colleagues studied the relationship between background noise and 

speech intensity regulation in individuals with PD and hypophonia. Using the concept of the 

Lombard effect, participants with PD and control participants repeated sentences in different 

intensity levels of multi-talker background noise conditions (i.e., 50, 55, 60, 65, 70 dB (decibel)). 

Both the PD and control groups showed an increase in speech intensity as the level of 

background noise increased. However, the participants with PD had a parallel but consistently 

lower speech intensity of 2 to 5 dB SPL (sound pressure level) when compared to that of the 

control participants (Adams et al., 2005). In 2006, Adams et al. completed a similar study that 

evaluated three different types of background noise; multi-talker noise, music, and pink noise. 

Similar to the results of the previous study by Adams and colleagues (2005), control participants 

had consistently higher speech intensity across all types of background noise, while the 

participants with PD had a lower but parallel change in speech intensity (Adams et al., 2006). 

These studies demonstrate that under a variety of background noise conditions, individuals with 
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hypophonia and PD have reduced speech intensity. Therefore, individuals with PD do 

demonstrate a Lombard effect, but their speech is consistently less intense than control 

participants, suggesting an attenuated pattern of response.  

1.5 Speech Intelligibility  

 Speech intelligibility has been defined as the “degree to which the speaker’s intended 

message is recovered by the listener” (Kent, Weismer, Kent, & Rosenbek, 1989, p. 483). Having 

adequate speech intelligibility provides support in conversations that allows effective and 

efficient communication through spoken language. In order to determine the severity of the 

speech intelligibility deficit, speech pathologists and researchers use severity measures of 

intelligibility, which measure different aspects of speech production. These measures can assess 

the intelligibility of phonemes, single words, sentences, narratives, or conversational speech. 

Sentence intelligibility measures commonly cited in the literature include the AIDS (Assessment 

of Intelligibility of Dysarthric Speech; Yorkston & Beukelman, 1981), CAIDS (Computerized 

Assessment of Intelligibility of Dysarthric Speech; Yorkston, Beukelman & Traynor, 1984), and 

SIT (Sentence Intelligibility Test; Yorkston, Beukelman & Tice, 2011). In these tests a severity 

index is generated based on the number of words that are understood correctly by a listener when 

transcribed orthographically. The intelligibility score is derived by dividing by the total number 

of words correctly transcribed by the total number of words spoken and multiplied by 100. 

Intelligibility can also be measured via scaling techniques such as a visual analog scale (VAS). 

Using VAS, listeners evaluate intelligibility based on a global impression of a speaker’s 

intelligibility along a 100mm line. Since VAS provides information about an individual’s 

impression of speech intelligibility, visual analogue scaling can provide information on other 
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aspects of speech production such as, but not limited to, rate of speech, prosody, and voice 

quality that may factor into a global impression on intelligibility. This scaling method varies 

from transcription based intelligibility testing since it provides a more global impression of 

speech intelligibility beyond the correct identification of words that transcription based 

intelligibility measures provide. Yorkston, Beukelman, and Bell (1998) suggested that severity 

based intelligibility measures are the “primary measure of disability” in speakers with dysarthria.  

 As previously described in the section above, individuals with hypokinetic dysarthria can 

present with deficits and impairments in articulation, prosodic aspects of speech production, rate 

of speech, voice quality, and speech intensity regulation. Since speech intelligibility is based on a 

combination of articulatory, respiratory, laryngeal, velopharyngeal, and prosodic aspects of 

speech production (Dykstra et al., 2007), many individuals with hypokinetic dysarthria can 

present with reduced speech intelligibility. Each speech subsystem likely contributes to speech 

intelligibility in a cumulative and differential manner; however, many studies have demonstrated 

that the articulatory subsystem contributes a significant role to speech intelligibility. For 

example, imprecise articulation was identified by Darley, Aronson, and Brown (1969) as one of 

the most deviant perceptual features associated with hypokinetic dysarthria. Furthermore, De 

Bodt, Hernandez-Diaz Huici and Van de Heyning (2002) demonstrated that articulation was the 

most dominant dimension affecting speech intelligibility, when compared to the relative impact 

of other speech dimensions (i.e., voice quality, articulation, nasality, prosody) typically impaired 

in dysarthric speech production. Articulatory undershoot, or the failure to reach and sustain 

articulatory contacts has been suggested to be a factor contributing to reduced speech 

intelligibility in some individuals with hypokinetic dysarthria (Duffy, 2013).  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  In addition to the role of the articulatory subsystem contributing to reduced speech 

intelligibility, deficits in speech intensity regulation also can contribute to reductions in speech 

intelligibility in individuals with hypokinetic dysarthria. The empirical literature suggests that 

hypophonia is most evident in conversational speech tasks (Fox & Ramig, 1997; Ho et al., 1999). 

Therefore, the assessment of intelligibility in conversation should be considered for individuals 

with hypophonia and PD (Adams et al., 2006). This is especially relevant considering that many 

speech intelligibility tests focus on single word or sentence intelligibility and these tests are 

typically administered in quiet testing conditions. Therefore, the speech intelligibility of 

individuals with PD can appear relatively unimpaired (Dykstra et al., 2013). Unfortunately, when 

intelligibility tests are conducted in a quiet environment they can overestimate everyday speech 

intelligibility levels (Miller, 2013). This is why including background noise should be considered 

an important aspect of assessment, because it is relevant to the ability to make valid and real 

world inferences concerning the impact that a speech intelligibility deficit has in an individual’s 

daily life. Naturally occurring conversation does not often occur in a quiet testing environment, 

but rather out in the world where adverse communication conditions exist. Adams, Dykstra, 

Jenkins, and Jog (2008) incorporated various intensities of multi-talker background noise (i.e., 0, 

60, 65, 70 dB SPL) into the assessment of conversational intelligibility in individuals with PD 

and hypophonia. The conversational samples were transcribed, and conversational speech 

intelligibility was determined by dividing the number of words understood by the number of 

words produced (Adams et al., 2008). This study demonstrated that individuals with hypophonia 

had significantly overall lower conversational intelligibility scores when compared to control 

participants, despite relatively unimpaired speech intelligibility when tested in quiet conditions 
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(Adams et al., 2008). Speech intelligibility also significantly decreased as multi-talker noise 

levels increased for both controls and PD participants, and this was also a parallel relationship 

(Adams et al., 2008). This research highlights that although individuals with hypophonia can be 

intelligible in quiet conditions, the introduction of background noise can have a negative effect 

on the maintenance of intelligible speech production.  

 In 2013, Dykstra and colleagues also studied the conversational intelligibility of 

individuals with hypophonia, with a focus on using visual analog scaling for rating speech 

intelligibility. Similar to the methods previously discussed (Adams et al., 2008), conversational 

intelligibility was assessed in different intensity levels of background noise (i.e., 0, 60, 65, 70 dB 

SPL). This study found that without added background noise there was no significant difference 

in the intelligibility scores of individuals with PD versus control participants; however the 

speech intensity of the PD group was lower and had more variability than the control participants 

(Dykstra et al., 2013). When background noise at different intensities was introduced, 

participants with PD had lower conversational intelligibility scores. These conversational 

intelligibility scores were most dramatically compromised in higher levels of background noise 

(i.e., 65 dB SPL and 70 dB SPL). For example, for participants with PD, in 70 dB SPL of multi-

talker background noise, conversational intelligibility was 57% as compared to 89% in quiet 

testing conditions. This is in contrast to the control participants who maintained 85% 

intelligibility in the same intensity of background noise (Dykstra et al., 2013). This research 

further demonstrates the negative impact of background noise on speech intelligibility for 

individuals with PD and hypophonia.  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1.6 Listener Effort in Parkinson’s Disease 

 During speech production, various speech symptoms (i.e., articulatory precision, rate of 

speech, prosodic factors, voice quality, speech intensity) can differently affect how well a 

message is understood by impacting speech intelligibility. In addition to affecting speech 

intelligibility, these perceptual speech disturbances may also contribute to increased listener 

effort (Duffy, 2013). Previous research has indicated that listeners have more difficulty 

understanding disordered speech in comparison to normal speech (Dykstra et al., 2007). This 

increased difficulty can cause a breakdown or a barrier to communication such that listeners may 

be forced to reallocate their resources, which may reduce opportunities to communicate due to 

the increased difficulty and cognitive load (Dykstra et al., 2007). The difficulty experienced by a 

listener may be attributed to the extra effort he or she is required to exert in order to understand a 

distorted speech signal. Listener effort can be defined as “the amount of work needed to listen to 

a speaker” (Whitehill & Wong, 2006, p.337). Specifically, there is empirical literature suggesting 

that listeners need to exert an increased amount of effort when listening to dysarthric speech 

(e.g., Whitehill & Wong, 2006; Dykstra et al., 2007; Landa et al., 2014). It is important to keep in 

mind that although speech intelligibility and listener effort are related, they are separate concepts 

(Whitehill & Wong, 2006; Hustad, 2008; Nagle & Eadie, 2012).  

 In 2006, Whitehill and Wong investigated the speech of 22 participants with various 

dysarthria types. Participants read sentences from the SIT and listeners transcribed the sentences, 

rated listener effort, and selected perceptual features that contributed to their effort rating. The 

results of this study indicated that disruptions in voice quality such as strangled, breathy, or harsh 

voice increased listener effort (Whitehill & Wong, 2006). Whitehill and Wong (2006) also 
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    APPENDIX D 
 

           Ethics Approval Notice 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     APPENDIX E 

Speech Intelligibility Test (SIT) – Sentence Examples 

Sample sentences from the Speech Intelligibility Test (Yorkston, Beukelman & Tice, 2011) 

13. After you've finished answering all the questions, please mail the card to us. 

14. The sun never reaches the ground through the overhead canopy of trees and vines. 

15. It was the exact same feeling you get when your knee gives out on you. 
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       APPENDIX F 

 
Listener ID:_________ PD ID:__________ Stimuli version: _______ Date:_________________ 

Condition: 0 dB  
A. Orthographic Transcription of Sentences 
13.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
14.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
15.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
B. VAS Rating of Intelligibility  
   Please rate your perception of how intelligible the sentences were, based on all three sentences. 
 
   |____________________________________________________| 
   0%        100%  
 
C. Ratings of Effort 
   Please rate the amount of effort you used when listening these sentences 
   |____________________________________________________| 
No effort required       Maximum effort required 
 
D. Please rate the severity of each of the following 2 speech variables. 
1. Articulatory Precision (i.e., the precision in the articulation of sounds)  
 
  |____________________________________________________|                                                       
Normal  articulatory precision    Severely impaired articulatory precision 

2. Loudness (i.e., reduced loudness)  
 
 |____________________________________________________|  
Normal loudness                   Severely impaired loudness  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     APPENDIX G 

 
Listener ID:_________ PD ID:__________ Stimuli version: _______ Date:________________ 
Condition: 65 dB 

A. Orthographic Transcription of Sentences 
13.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
14.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
15.__________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
B. VAS Rating of Intelligibility  
   Please rate your perception of how intelligible the sentences were, based on all three sentences. 
 
   |____________________________________________________| 
   0%        100%  
 
C. Ratings of Effort 
   Please rate the amount of effort you used when listening these sentences 
   |____________________________________________________| 
No effort required       Maximum effort required 
 
D. Please rate the severity of each of the following 2 speech variables. 
1. Articulatory Precision (i.e., the precision in the articulation of sounds)  
 
 |____________________________________________________|                                                       

Normal articulatory precision  Severely impaired articulatory precision  ◻unable to rate  

2. Loudness (i.e., reduced loudness)  
 
 |____________________________________________________|  
Normal loudness                   Severely impaired loudness      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          APPENDIX H 

     Inter-rater Reliability  

 

 

Reliability Statistics

Cronbach’s Alpha N of Items

0.963 10

Intraclass Correlation Coefficient

Intraclass 
Correlatio

nb

95% Confidence 
Interval

F Test with True Value 0

Lower 
Bound

Upper 
Bound

Value df1 df2 Sig.

Single 
Measures

0.705a 0.500 0.893 27.373 9 81 0.000

Average 
Measures

0.960 0.909 0.988 27.373 9 81 0.000

Two-way random effects model where both people effects and measures effects are random

a. The estimator is the same, whether the interaction is present or not.

b. Type A intraclass correlation coefficients using an absolute agreement definition. 
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           APPENDIX I 

     Intra-rater Reliability  

 

 

Reliability Statistics

Cronbach’s Alpha N of Items

0.891 2

Intraclass Correlation Coefficient

Intraclass 
Correlatio

nb

95% Confidence 
Interval

F Test with True Value 0

Lower 
Bound

Upper 
Bound

Value df1 df2 Sig.

Single 
Measures

0.815a 0.419 0.951 9.146 9 9 0.001

Average 
Measures

0.898 0.590 0.975 9.146 9 9 0.001

Two-way random effects model where both people effects and measures effects are random

a. The estimator is the same, whether the interaction is present or not.

b. Type A intraclass correlation coefficients using an absolute agreement definition. 
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               APPENDIX J 

          Paired Samples T-test Analyses  
 
 

 

 
 
1 Sentence intelligibility measured by orthographic transcription  
2 Speech intelligibility measured by visual analog  
3 Overall listener effort measured by visual analog scale  
4 Articulatory imprecision measured by visual analog scale  
5 Reduced loudness measured by visual analog scale  
 
 

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

Pair 1
SIT1 0dB 85.54418 22 14.441345 3.078905

SIT1 65dB 46.16945 22 32.367537 6.900782

Pair 2
VAS2 0dB 75.23182 22 19.828152 4.227376

VAS2 65dB 47.44091 22 30.860294 6.579437

Pair 3
Effort3 0dB 35.43182 22 22.465389 4.789637

Effort3 65dB 68.62273 22 25.778506 5.495996

Pair 4
Artic4 0dB 32.60455 22 19.066237 4.064935

Artic4 65dB 51.9978 22 26.74437 5.70192

Pair 5
Loud5 0dB 32.70455 22 24.383161 5.198507

Loud5 65dB 54.80000 22 29.899594 6.374615

Paired Samples Correlations

N Correlation Sig.

SIT1 0dB & SIT1 65dB 22 0.638 0.001

VAS2 0dB & VAS2 65dB 22 0.615 0.002

Effort3 0dB & Effort3 65dB 22 0.682 0.000

Artic4 0dB & Artic4 65dB 22 0.709 0.000

Loud5 0dB & Loud5 65dB 22 0.600 0.003
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1 Sentence intelligibility measured by orthographic transcription  
2 Speech intelligibility measured by visual analog  
3 Overall listener effort measured by visual analog scale  
4 Articulatory imprecision measured by visual analog scale  
5 Reduced loudness measured by visual analog scale  
 

Paired Samples Test

Paired Differences

t df Sig. (2-
tailed)Mean Std. 

Deviation
Std. Error 

Mean
Difference

Upper Lower

SIT1 0dB & 
SIT1 65dB 39.374727 25.679636 5.474917 27.989015 50.760440 7.192 21 0.000

VAS2 0dB &  
VAS2 65dB 27.790909 24.343884 5.190133 16.997436 38.584382 5.355 21 0.000

Effort3 0dB & 
Effort3 65dB -33.190909 19.467871 4.150564 -41.822480 -24.559339 -7.997 21 0.000

Artic4 0dB & 
Artic4 65dB -19.39322 18.86336 4.02168 -27.75676 -11.02967 -4.822 21 0.000

Loud5 0dB & 
Loud5 65dB -22.095455 24.762808 5.279448 -33.074668 -11.116241 -4.185 21 0.000
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            APPENDIX K  
     Correlational Analyses  

 

SIT1  
0dB

VAS2  
0dB

Effort3  
0dB

Artic4  
0dB

Loud5  
0dB

SIT1   
65dB

VAS2 
65dB

Effort3  
65dB

Artic4  
65dB

Loud5  
65dB

SIT1  
0dB

Pearson 
Correlation 1 .941** -.892** -.865** -.684** .638** .651** -.598** -.617** -.571**

Sig.  
(2-tailed) 0.000 0.000 0.000 0.000 0.001 0.001 0.003 0.002 0.006

N 22 22 22 22 22 22 22 22 22 22

VAS2  
0dB

Pearson 
Correlation .941** 1 -.946** -.925** -.716** .609** .615** -.595** -.578** -.550**

Sig.  
(2-tailed) 0.000 0.000 0.000 0.000 0.003 0.002 0.003 0.005 0.008

N 22 22 22 22 22 22 22 22 22 22

Effort3 
0dB

Pearson 
Correlation -.892** -.946** 1 .938** .843** -.693** -.696** .682** .679** .637**

Sig.  
(2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001

N 22 22 22 22 22 22 22 22 22 22

Artic4 
0dB

Pearson 
Correlation -.865** -.925** .938** 1 .776** -.709** -.714** .683** .709** .657**

Sig.  
(2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

N 22 22 22 22 22 22 22 22 22 22

Loud5 
0dB

Pearson 
Correlation -.684** -.716** .843** .776** 1 -.586** -.579** .628** .545** .600**

Sig.  
(2-tailed) 0.000 0.000 0.000 0.000 0.004 0.005 0.002 0.009 0.003

N 22 22 22 22 22 22 22 22 22 22

SIT1   
65dB

Pearson 
Correlation .638** .609** -.693** -.709** -.586** 1 .991** -.963** -.957** -.966**

Sig.  
(2-tailed) 0.001 0.003 0.000 0.000 0.004 0.000 0.000 0.000 0.000

N 22 22 22 22 22 22 22 22 22 22

VAS2  
65dB

Pearson 
Correlation .651** .615** -.696** -.714** -.579** .991** 1 -.959** -.962** -.968**

Sig.  
(2-tailed) 0.001 0.002 0.000 0.000 0.005 0.000 0.000 0.000 0.000

N 22 22 22 22 22 22 22 22 22 22

Effort3  
65dB

Pearson 
Correlation -.598** -.595** .682** .683** .628** -.963** -.959** 1 .934** .962**

Sig.  
(2-tailed) 0.003 0.003 0.000 0.000 0.002 0.000 0.000 0.000 0.000

N 22 22 22 22 22 22 22 22 22 22

Artic4  
65dB

Pearson 
Correlation -.617** -.578** .679** .709** 0.545** -.957** -0.962** .934** 1 .921**

Sig.  
(2-tailed) 0.002 0.005 0.001 0.000 0.009 0.000 0.000 0.000 0.000

N 22 22 22 22 22 22 22 22 22 22

Loud5  
65dB

Pearson 
Correlation -.571** -.550** .637** .657** .600** -.966** -.968** .962** .921** 1

Sig.  
(2-tailed) 0.006 0.008 0.001 0.001 0.003 0.000 0.000 0.000 0.000

N 22 22 22 22 22 22 22 22 22 22
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1 Sentence intelligibility measured by orthographic transcription  
2 Speech intelligibility measured by visual analog  
3 Overall listener effort measured by visual analog scale  
4 Articulatory imprecision measured by visual analog scale  
5 Reduced loudness measured by visual analog scale  
** Correlation is significant at the 0.01 level (2-tailed).  
* Correlation is significant at the 0.05 level (2-tailed).  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